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Abstract

Exercise training induces physical adaptations for heart failure pa-
tients with systolic dysfunction but less is known about those patients
with preserved ejection fraction.

This study’s aims were to establish if exercise training produces
changes in peak VO, and related measures, quality of life, general
health and diastolic function in heart failure patients with preserved
ejection fraction (HFpEF).

We conducted a MEDLINE search (1985 to September 1, 2015), for ex-
ercise based rehabilitation trials in heart failure, using search terms ‘ex-
ercise training, heart failure with preserved ejection fraction, heart failure
with normal ejection fraction, peak VO, and diastolic heart dysfunction’.
Eight intervention studies were included providing a total of 174 exer-
cising subjects and 143 control subjects, a total of 317 participants.

Peak VO, increased by a mean difference (MD) 2.08 mL kg-! min-!
(95% C.I. 1.51 to 2.65, p<0.00001) in exercise training versus sedentary
control, equating to a 17% improvement from baseline. Vi/VCO, slope
was not different between groups, MD -3.10 mL kg min-! (95% C.I. -7.47
to 1.27, p=0.16); maximum heart rate was significantly increased in ex-
ercise groups, MD 3.46 bpm (95% C.1. 2.41 to 4.51, p<0.00001); 6 Minute
Walk Distance (6MWT) MD 32.1m (95% C.I. 17.2 to 47.1, p<0.0001); di-
astolic function; the ratio of early to late filling (E/A ratio) was improved
after exercise training MD 0.07 (95% C.1. 0.02 to 0.12, p=0.006); as was
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filling pressure E/E’ ratio MD -2.38 (95% C.I. -3.47 to -1.28, p<0.0001);
Deceleration time (Dy) MD -13.2 msec (95% C.I. -19.8 to -6.5, p=0.0001);
Minnesota Living with Heart Failure Questionnaire (MLHFQ) MD -6.77
(95% C.I. -9.70 to -3.84, p<0.00001); Short Form-36 Health Survey MD
11.38 (95% C.I. 5.28 to 17.48, p=0.0003). In 3222 patient-hours of
training, not a single death was directly attributable to exercise.
Exercise training appears to effect several health-related improve-
ments in people with heart failure and preserved ejection fraction.

Introduction

Heart Failure with preserved Ejection Fraction (HFpEF) is defined as
an inability of the ventricles to optimally accept blood from the atria
with blunted end-diastolic volume response by limiting the stroke
volume and cardiac output. Exercise intolerance and reduced quality of
life are known as the primary chronic symptoms in HFpEF patients.
HFpEF prevalence is higher in elderly and women and may be linked to
hypertension, diabetes mellitus and atrial fibrillation [1,2]. Chronic
Heart Failure (CHF) patients with either normal or abnormal systolic
function have similar mortality rates [3]. In the United States, chronic
heart failure affects approximately 5 million individuals with heart
failure and over 555,000 are newly diagnosed with CHF annually [4].
Corresponding costs to the health care systems are enormous. A 2011
review by Smart [5] estimated the hospital-based exercise therapy
treatment costs to prevent mortality in one systolic heart failure patient
to be approximately US$60K per annum. A range of benefits are likely
in patients with systolic heart failure undertaking exercise training [6-
14]. Meta-analyses have shown exercise training to be beneficial in
HFpEF patients in terms of improved cardio-respiratory fitness [15-17].

In people with HFpEF, as well as systolic heart failure, cardiorespira-
tory fitness (peak VO,) is impaired [18,19]. Impaired peak VO, has been
associated with increased mortality risk [20] and decreased quality of
life in heart failure patients. As measured by traditional indices such as
ejection fraction, systolic function appears largely normal under resting
baseline conditions in HFpEF. However, studies have shown through
global assessment of systolic function by other techniques, such as strain
rate imaging, systolic abnormalities do exist in HFpEF patients [21]. De-
spite the preservation of systolic function at rest, mortality rates in
HFpEF are similar to those observed in systolic failure [22], highlighting
the clear need for effective treatment strategies for these patients.

Interestingly, conventional methods for treating heart failure have
proven largely ineffective for HFpEF patients. Currently, effective thera-
peutic approaches for HFpEF are limited and focus primarily on managing
cardiovascular risk factors, especially hypertension. Exercise therapy is a
promising effective adjunct therapy that can delay disease progression,
minimize pharmaceutical use and improve functional limitations and
quality of life. While to date approximately 100 randomized, controlled
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trials of exercise training trials have been published in systolic heart
failure patients, strikingly, only 10 such trials exist examining HFpEF [17].

In this meta-analysis, our purpose was to assess the effects of exer-
cise on a number of outcome measures that are commonly used to as-
sess clinical status in HFpEF. First, we evaluated the impact of exercise
training on changes to exercise capacity in HFPEF patients compared
to sedentary controls through examination of peak VO,, Vg/VCO,, heart
rate, and the 6-min walk test. Second, we studied clinical measures of
diastology including early to late filling ratio (E/A), deceleration of early
ventricular filling, and E/e’ (a widely accepted noninvasive surrogate of
left ventricular filling pressure). Third, we examined if exercise
training produces better quality of life and/or general health through
use of the Minnesota Living with Heart Failure Questionnaire [23] and
the SF-36 (which has established norms) [24]. Finally, we examined if
rates of serious events, mortality and hospitalization were more fre-
quent with exercise training in HFPEF patients.

Methods

Search strategy

Studies were identified through a MEDLINE search (1985 to September
1,2015), Cochrane Controlled Trials Registry (1966 to September 1, 2015),
CINAHL, SPORTDiscus and Science Citation Index. The search strategy in-
cluded a mix of MeSH and free text terms for key concepts related to exer-
cise training, heart failure with normal ejection fraction and heart failure
with preserved ejection fraction, peak VO, and diastolic heart failure for
clinical trials of exercise training in heart failure patients. Studies were in-
cluded if patients exhibited baseline Left Ventricular Ejection Fraction
above 45%. These searches were limited to prospective randomized or con-
trolled trials and human studies; with no language restrictions on publica-
tions. Manuscript reference lists and latest journal editions were scruti-
nised for new references. Full journal articles were assessed by three re-
viewers (NS, GD and HI) for relevance and eligibility. Methodological dis-
agreements were resolved by reviewers through discussion. For two
studies [25,26], authors were contacted and requested to provide further
data about the protocol for implementing desired exercise intensity.

Study selection

Included were randomized controlled designs of exercise training
in heart failure patients with normal or preserved ejection fraction.
Studies of heart failure patients with abnormal, systolic function
were excluded. All included studies are comparisons between exer-
cise training and sedentary control. Records identified 33 papers
through database searching. Six additional records from reference
lists were added. Only principal studies, with the most subjects, were
included where multiple publications existed from the same dataset.
After initial screening, 19 studies were removed, which included over-
lapping, duplicates, duplicate data, abstracts, irrelevant articles (e.g.
editorials and discussion papers). We further excluded 12 studies
where the control group received additional intervention, non-rele-
vant studies and acute exercise responses. Eight studies of exercise
training intervention were included (Consort Statement, Figure 1).

Outcomes measures

We recorded the following; peak VO, (baseline and post exercise),
Vg/VCO,, maximum heart rate, 6 Minute Walk Test (6MWT), diastolic
function [E/A and E/E’ ratios, deceleration time (Dg)], Minnesota
Living with Heart Failure Questionnaire (MLHFQ), the Short Form-36
Health Survey, participant completion rates, adverse medical events,
hospitalization and mortality.
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Figure 1. Consort statement.

Data synthesis

We calculated patient-hours of exercise training and percentage
change in peak VO,.

Assessment of study quality

We assessed study quality using the 15-point TESTEX scale [27],
which is a validated study quality assessment tool specific to exercise
training studies. Median TESTEX score was 10, with two studies
scoring 8, three scoring 10 and two studies scoring 12.

Statistical analyses

Revman 5.1 software (The Nordic Cochrane Centre, Copenhagen, Den-
mark) was used for data analysis. Continuous data were reported as mean
and standard deviation. Revman 5.1 enabled calculation of post-interven-
tion change from baseline for standard deviation, using change in mean
values, number of subjects and p value or preferably 95% confidence inter-
vals. In many cases where exact p-values were not provided, we used de-
fault values e.g. p<0.05 became p=0.049. Mean difference (MD) in these
data from baseline were analyzed. We used a 5% level of significance and
a 95% confidence interval to report change in outcome measures. Egger
plots were produced to identify sources of publication bias [28].

Results

Included studies

Eight studies met selection criteria [18,25,26,29-33], providing a
total of 174 exercising subjects and 143 control subjects, a total of 317
participants (Table 1). Total patient-hours of exercise training reported

were 3222 hours.
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Table 1. Patient and training characteristics for randomized control trials included in the meta-analysis on exercise training studies with HFpEF patients.

Studv Countrv  Sessions Particinants include Training characteristics Outcomes
attended (%) in the final analysis measures
Alves Portugal 100 Total patients N=98 6 months of interval exercise LVEF
(2012) training. First month, 3 sessions per
Exercise (>55%): n=20, 22m/9f, mean  week, and 15 min at 70%-75% of Diastolic function
age 62.9. Control group n=11. Exercise ~ maximal heart rate. Following five
control (45%-54%): n=23, 24m/9f, months, 3 sessions per week, and 35
mean age 63.6. Control group n=10, min at 70%-75% of maximal hear rate
Exercise control (<45%): n=22, 27Tm/Tf,
mean age 62.0. Control group n=12
NYHA class IV
Edelmann  Germany 34 - Exercise training  Total patients N=64 32 sessions of continuous exercise LVEF
(2011) group participated in training. Weeks 1-4, 2 sessions per week,
>90%, 52 in 70%-90%  Exercise: n=44, 24m/20f, mean age 64.  20-40 min at 50%-60% of peak VO,. Peak VO,
and 14% in <70% of Exercise control: n=20, 12m/8f, mean =~ Week 5 onward, 3 sessions per week at
the exercise sessions  age 65 70% of peak VO, and resistance Heart rate
training, 15 reps at 60%-65% 1RM
NYHA class [/ 6MWT
MLHF
SF36
Fu (2015)  Taiwan 100 Total patients N = 59 3-min intervals of aerobic interval Systolic function
training at 40% and 80% VOype, for 30
Exercise: n=30, 20m/10f, mean age min/day, 3 days/week for 12 weeks Diastolic function
60.5. Control: n=29, 18m/11f, mean
age 62.4 Peak VO,
NYHA class [/ Vi/CO,
Heart rate
MAP, SBP, DBP
MLHF
SF36
Gary (2004) USA 100 Total patients N=28 12 weeks of continuous exercise 6MWT
training (walking). 3 sessions per week,
Exercise: n=15, 15f, mean age 67. 20-40 min at 40% - 60% of the MLHF
Control: n=13, 13f, mean age 69 maximal heart rate
NYHA class [I/111
Karavidas ~ Greece 100 Total patients N=30 6 weeks of functional electrical MLHF
(2013) stimulation (FES) training.
Exercise: n=15, 6m/9f, mean age 69.4. 5 sessions per week, 30 min at 25 Hz KCCQ
Control: n=15, 6m/9f, mean age 68.5 for 5 s followed by 5 s rest
BDI
NYHA class TI/111
6MWT
Diastolic function
BNP
Kitzmann ~ USA 86 Final testing Total patients N=63 4 months (~16 weeks of continuous LVEF
(2013) exercise training. 3 sessions per week, Peak VO
88 Exercise training Exercise: n=24, 23m/9f, mean age 70. 60 min at 40%-70% HRR 2
Control: n=30, 25m/6f, mean age 70 Ve/VCO,
NYHA class [/ Heart rate
6MWT
Diastolic function
EDV & ESV
SBP & DBP
MLHF
SF36
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Table 1. Continued from previous page.

Palau (2013) Australia 100

Total patients N=26

Exercise: n=14, Tm/7f, mean age 68.

Control: n=12, 6m/6f, mean age 74

NYHA class [I/1I/IV

eAT® EDITRICE

12 weeks of interval exercise training. ~ LVEF
2 sessions per week, 20 min.
Subjects started breathing at a Peak VO,
resistance equal to 25-30% MIP for
1 week and each subsequent session VeVCO,
was adjusted to 25-30% MIP

Heart rate

6MWT

Diastolic function
NT-proBNP

MLHF

Smart Australia ~ 87.6
(2012)

Total patients N=25

Exercise: n=12, Tm/5f, mean age 67.

16 weeks of interval exercise training. ~ LVEF
3 sessions per week, 30 min at

60-70% peak VO, Peak VO,

Control: n=13, 6m/7f, mean age 61

NYHA class I/11

VeVCO,
Heart rate
Diastolic function

MLHF

Peak VO,, maximal oxygen consumption; FES, functional electrical stimulation; peak HR, maximal heart rate; MHR, maximum heart rate; HRR, heart rate reserve; m/f, male/female; MIP, inspiratory muscle trainer; IRM,
1 repetitive maximum; 6MWT, 6 minute walk test; LVEF, left ventricular ejection fraction; EDV, end diastolic volume; ESV, end systolic volume; MLHE, Minnesota living with heart failure questionnaire; SF 36, the short
form (36) Health survey; Vg/VCO,, ventilatory equivalent for carbon dioxide; KCCQ, Kansas City cardiomyopathy questionnaire; BDI, Beck depression inventory; SBP, systolic blood pressure; DBP, diastolic blood

pressure; BNP, brain natriuretic peptide; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.

Exercise training parameters

Program length for high intensity training varied from 6-26 weeks and
frequency from 2-5 sessions weekly. Three studies used walking and
cycle training, one used only walking, two used cycling only, one used
functional electrical stimulation and one inspiratory muscle training.

Outcome measures

Change in peak VO,

Data from five studies showed a significant improvement in peak
VO,, mean difference (MD) 2.08 mL kg-'min-! (95% C.I. 1.51 to 2.65,
p<0.00001) in exercise versus control (Figure 2).

Change in peak Vg/VCO, slope

Data from four studies showed Vg/VCO, slope was not significantly
changed, MD was -3.10 units (95% C.I. -7.47 to 127, p=0.16) in exer-
cise versus control (Figure 3).

Change in heart rate

Data from five studies showed maximum heart rate was significantly
reduced, MD 3.46 bpm (95% C.I. 2.41 to 4.51, p<0.00001), in exercise
versus control (Figure 4).

Change in 6-min walk test (6MWT)

Data from four studies for 6-min walk test (6MWT) reported a sig-
nificant increase in walking distance, MD of 32.1 metres (95% C.I
17.20 to 47.05, p<0.0001) in exercise versus control (Figure 5).
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Change in diastolic function

Change in E/A ratio

Data from four studies showed the ration of early diastolic filling
(E/A ratio) was significantly improved, MD 0.07 (95% C.I. 0.02 to 0.12,
p=0.006) with exercise versus control (Figure 6).

Change E/E’ ratio

Data from five studies showed a significant reduction in diastolic
filling pressure (E/E’ ratio), MD was -2.38 (95% C.I. -3.47 to -1.28,
p<0.0001) with exercise versus control (Figure 7).

Change in deceleration time

Data from three studies showed a significant reduction in dias-
tolic deceleration time (D), MD of -13.2ms (95% C.I. -19.8 to -6.5,
p=0.0001) with exercise versus control (Figure 8).

Change in quality of life

Data from seven studies showed a significant improvement in Min-
nesota Living with Heart Failure Questionnaire (MLHFQ) score, MD
-6.77 units (95% C.I. -9.70 to -3.84, p<0.00001) with exercise versus
control (Figure 9).

Change in the Short Form-36 health survey

Data from three studies showed a significant improvement in phys-
ical dimension of the Short Form-36 health survey was 11.38 units
(95% C.I. 5.28 to 17.48, p=0.0003) with exercise wversus control

(Figure 10).
OPEN aAccsss



Exercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Edelmann 2011 26 48787 44 -0.7 31984 20 81% 3.30(1.29,531)
Fu 2015 233 62106 30 1 26412 29 56% 1.33[1.09,375 —
Kitzman 2013 16 16702 24 -02 02431 30 7189% 1.80[1.13,247] =
Palau 2013 29 25675 14 -1 25774 12 83% 390[1.92,5898 ——
Smart 2012 28 35685 12 08 20763 13 61% 200[0.31,431)] } pi—
Total (95% CI) 124 104 100.0% 2.08[1.51,2.65] @
Heterogeneity. Chi*= 5.68, df= 4 (P = 0.22); F= 30% f‘ 0 js ) ; 1#0

Testfor overall effect: Z=7.14 (P < 0.00001) Favours Control  Favours Exercise

Figure 2. Change in Peak VO, for exercise training studies with HFpEF patients.

Exercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl I, Random, 95% CI
Fu2015 -355 94625 30 1.22 32223 29 265% -4.77[8.35,-1.19 —_— L
Kitzran 2013 07 18046 24 -04 10712 30 320% 1.10[0.28,1.92]
Palau 2013 -5 6.7605 14 11 74688 12 21.3% -6.10[-11.61,-0.59] ——
Smart 2012 -43 54802 12 0.1 93894 13 202% -4.40[}10.37,1.57] < T
Total (95% CI) 80 84 1000% -3.10[-7.47,1.27) ‘r

Heterogeneity: Tau®= 15.39, Chi*= 18.43, df= 3 (P = 0.0004), F= 84% +

Test for overall effect: Z=1.38 (P = 0.16) Fa qu; gmmseo Favours1gonttol 20

Figure 3. Change in VE/VCO, for exercise training studies with HFpEF patients.

Exercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Edelmann 2011 2 13.1567 44 -3 106834 20 30% 500[-1.09 11.09 t—
Fu2015 1 26905 30 -1 26412 29 595% 2.00 [0.64, 3.36)
Kitzman 2013 4 69803 24 -4 79484 30 69% 8.00[4.01,11.99) s
Palau 2013 3 3N 14 -2 15593 12 304% 5.00(3.10,6.90) -
Smart 2012 12 275856 12 -11 320805 13 0.2% 23.00[0.40, 46.40) ‘
Total (95% CI) 124 104 100.0% 346 (2.41,4.51) ]
Heterogeneity. Ch*= 14,85, df = 4 (P = 0.005), "= 73% - éo 55 2{,’ 5;0

Test for overall effect. Z= 6,46 (P < 0,00001) Faw;ugs Control Favours Exercise

Figure 4. Change in maximum heart rate for exercise training studies with HFpEF patients.

Exercise Control Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Edelmann 2011 24 46.0484 44 17 427337 20 416% 7.00 [-16.15, 30.15)
Gary 2004 203 207.5877 15 -92 152.2438 13 1.2% 295.00 [161.27, 428.73)
Karavidas 2013 76.3 71.2823 15 235 426472 15 12.6% 52.80 [10.76, 94.84] [
Kitzman 2013 39 66.9674 24 10 19.562 30 29.1% 29.00 [1.31, 56.69]
Palau 2013 438 38.7779 14 -236 56.5285 12 15.5% 67.40 [29.51, 105.29]) .=
Total (95% CI) 112 90 100.0% 32.13 [17.20, 47.05) ]
Heterogeneity: Chi? = 23.68, df = 4 (P < 0.0001); I = 83% {500 .2%0 ) 2§o 500

Test for overall effect: Z = 4.22 (P < 0.0001) Favours Control Favours Exercise

Figure 5. Change in 6-minute walk test (6MWT) for exercise training studies with HFpEF patients.

Exercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Aves 2012 0,12 0.138 20 003 00447 11 545% 0.09[0.02, 0.16) ——
Fu 2015 -0.2 05381 30 -0.2 05381 29 3.1%¥ 0.00[-0.27, 0.27)
Kitizman 2013 -0.04 00952 24 -008 02073 28 32.3% 0.04(-0.05, 0.13) -1
Sman 2012 =005 0.1627 12 -0.12 0.2263 13 10.1% 0,07 [-0.08, 0.22) S —
Total (95% CI) 86 81 100.0% 0.07 [0.02,0.12) L 2
Heterogeneity: Chi* = 1.07, of = 3 (P = 0.78); P = 0% 5 5 _0=25 3 o 55 0‘3

Test for overall effect: 2 = 2.78 (P = 0.006) Favours Control Favours Exercise

Figure 6. Change in E/A ratio for exercise training studies with HFpEF patients.
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Exercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Edelmann 2011 -2.3 2.3024 44 0.6 23504 20 79.3% -2.90[-4.13, -1.67)
Fu 2015 -4.9 13.061 30 -14 37667 29 S5.1% -3.50([-8.37, 1.37) —
Karavidas 2013 -3.25 5.898 15 -2.06 3.7384 15 9.7% -1.19(-4.72, 2.34)
Palau 2013 -3.3 9.4503 14 -55 102501 12 2.1%  2.20(-5.42, 9.82)
Smart 2012 4.4 98491 12 0.001 0.0017 13 3.9 4.40(-1.17, 9.97)
Total (95% CIh) 115 89 100.0% -2.38(-3.47,-1.28) -
Heterogeneity: Chi' = 8,39, df = 4 (P = 0.08); I = 52% _io -i.i ¢ g 1#0

Test for overall effect: Z = 4.24 (P < 0.0001)

Favours Exercise Favours Control

Figure 7. Change in E/E’ ratio for exercise training studies with HFpEF patients.

Exercise Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Ci
Alves 2012 -14 16.1042 20 -2.1 3.1424 11 82.5% -11.90[-19.20, -4.60)
Kitzman 2013 -6 142763 24 17 440463 28 14.7% -23.00[-40.29, -5.71) S—pe—
Smart 2012 S 605067 12 3 37.8638 13 2.8% 2.00([-37.95, 41.95) ——
Total (95% CI) 56 52 100.0% -13.15[-19.78, -6.52) &>

¥ - - - ? - } + {
Heterogeneity. Chi* = 1.91, df = 2 (P = 0.38), I = 0% T T ) o "100

Test for overall effect: 2 = 3.89 (P « 0.0001)

Favours Exercise Favours Control

Figure 8. Change in deceleration time for exercise training studies with HFpEF patients.

Exercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Edelmann 2011 -8 144115 41 -2 64007 19 209% -600[-1127, -0.73] -
Fu 2015 -185 493118 30 -19 51119 29 27X -1660[-34.34, 114)] |
Gary 2004 -17 17.3842 15 1 16548 13 11.0% -18.00[-26.84, -9.16) ——
Karavidas 2013 -285 40.766 1S -87 15.788S 15 18% -1980[-4192, 2.32) w—
Kitzman 2013 -10 65.0378 20 -3 22.7887 27 108 -7.00[-36.77, 22.77) s
Palau 2013 -11 106849 14 -3.5 105306 12 12.8% -7.50[-15.67, 0.67] ——
Sman 2012 -4.8 75547 12 =2 33096 13 39.9% -2.80[-7.44, 184) =
Total (95% CI) 147 128 100.0% -6.77 [-9.70, -3.84] L]
Heterogenefty. Chi? = 11.63, df = 6 (P = 0.07); ® = 48% Moo %o 3 % 00

Test for overall effect: Z = 453 (P < 0.00001)

Favours Exercise Favours Control

Figure 9. Change in Minnesota Living with Heart Failure Questionnaire (MLHFQ) for exercise training studies with HFpEF patients.

Expercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Edelmann 2011 14 24.8605 40 -4 167888 20 32.8% 18.00(7.35, 28.65) —
Fu 2015 9.1 24.2561 30 29 78024 29 44.7% 6.20(-2.93, 15.33) +u—
Kitzman 2013 15 28,5985 20 3 75837 27 22.5% 12.00[-0.86, 24.86] e
Total (95% CI) 90 76 100.0% 11.38 [5.28,17.48] -

L™ - - ‘R - 4 } 4 4

Heterogeneity: Chi® = 2,73, df =« 2 (P = 0.26), I « 27% ) 35 3 3% )

Test for overall effect: Z = 3.65 (P = 0.0003)

Favours Control Favours Exercise

Figure 10. Change in the physical dimension of the Short Form-36 health survey for exercise training studies with HFpEF patients.

Adverse events

All studies reported adverse events; deaths, hospitalizations, and
cardiovascular events (Table 2). There were no deaths reported
from exercise training or control groups in any of the included
studies. One hospital admission was reported from an exercise
training patient. Overall, there were 3222 patient-hours of exercise
training reported. There were insufficient adverse event data to jus-
tify analyses.

[page 6]

Study quality

Median TESTex score was 11 out of 15 for all studies (Table 3).
Funnel (Egger) plots of the analysis showed minimal evidence of pub-

lication bias.

Heterogeneity

Only the analyses of Vi/VCO, slope and six minute walk distance

showed high heterogeneity.
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Table 2. Study withdrawals and adverse events in the included exercise training studies with HFpEF patients.

Study Withdrawals Adverse events
Exercise Control Exercise Control
Alves (2011) 2 3 0 deaths, hospitalizations or cardiac events 0 deaths, hospitalizations or cardiac events
Edelmann (2011) 2 1 0 deaths or hospitalizations, 5 cardiac events 0 deaths, hospitalizations or cardiac events
(palpitations or dyspnea)

Fu (2015) 0 1 0 deaths, hospitalizations or cardiac events 0 deaths, hospitalizations or cardiac events
Gary (2004) 1 3 0 deaths, hospitalizations or cardiac events 0 deaths, hospitalizations or cardiac events
Karavidas (2013) 0 0 0 deaths, hospitalizations or cardiac events 0 deaths, hospitalizations or cardiac events
Kitzmann (2013) 8 1 0 deaths, 1 hospitalization and 0 cardiac events (0 deaths, hospitalizations or cardiac events
Palau (2013) 2 2 0 deaths, hospitalizations or cardiac events 0 deaths, hospitalizations or cardiac events
Smart (2012) 4 1 0 deaths, hospitalizations or cardiac events 0 deaths, hospitalizations or cardiac events

Table 3. Study quality assessment of included studies using the tool for the assessment of study quality in exercise training (TESTEX).

Activity
monitoring
in control group

=

&

b=1
=3
%
=
)

Randomly
allocated
participants
Allocation
concealed
Groups similar
at baseline
Assessorsblinded
measures
assessed >85%
of participants*
Intention to treat
analysis
Reporting of
between group
statistical
comparisons
Point measures
and measures of
variability
reported®
Relative exercise
Intensity review
Exercise volume
and nenergy
expended
Overall TESTEX

=
=
=
=l
=)
E
£
=
o0
%
=

Study name
Alves (2011) YES YES NO YES NO
Edelmann (2011) YES YES  Unclear  YES NO
Fu (2015) YES NO  Unclear  YES YES

YES(2) NO YES
YES(2) N/A YES
YES (1) Unclear  YES

YES(2) NO YES NO 9
YES(2)  YES YES YES 12
YES (2) Unclear ~ YES  Unclear 8

Gary (2004) YES YES  Unclear  YES NO  YES (2) NO YES  YES(2) Unclear  YES NO 9
Karavidas (2013) YES YES  Unclear  YES YES  YES(2) Unclear YES  YES(2) NO YES NO 10
Kitzman (2013)  YES YES  Unclear  YES NO  YES(3)  YES YES  YES(2)  YES YES YES 13
Palau (2013) YES YES NO YES YES  YES(2) Unclear YES  YES(2)  YES YES YES 12

Smart (2012) YES YES NO YES NO  YES(3)  VYES YES  YES(2) YES YES YES 13

Median score 11
Total out of 15 points

*Three points possible: 1 point if adherence>85%, 1 point if adverse events reported, 1 point if exercise attendance is reported; °two points possible: - 1 point if primary outcome is reported, 1 point if all other

outcomes reported; N/A, not applicable.

Discussion

This meta-analysis indicates that, in HFpEF patients, the magnitude
of gain in cardio-respiratory fitness is similar to that seen in systolic
heart failure patients exercising at moderate intensity [6,7]. In HFpEF,
exercise training elicits in improvements in cardiac (diastolic) func-
tion, health related quality of life, general health, maximum heart rate
and six minute walk distance which complement improvements seen
in cardio-respiratory fitness.

Change in peak VO,,Vg/VCO, slope, maximum heart
rate and 6-minute walk distance

The improvements in peak VO, observed with exercise training are
complemented with changes in maximum heart rate, but not in
Vg/VCO, slope. This current analysis produced peak VO, changes of
similar effect size seen previously [16]. Although two trials have
shown an improvement in Vg/VCO, slope, our analysis does not identify
an improvement with exercise training. A previous meta-analysis did
not analyze change in Vy/VCO, slope in HFpEF patients [16].
A previous report established a strong prognostic relationship between
peak VO, Vi/VCO; slope and mortality in heart failure patients with re-
duced systolic function [34]. Our analysis showed maximum heart rate
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to be higher after exercise training; the resultant increase in maximal
cardiac output would at least partially explain why peak VO, improved
with training. Although Vi/VCO, slope did not become lower in our
analysis, a reduction would imply improved ventilatory efficiency and
would likely contribute to improved cardio-respiratory fitness. A mean
10-12 bpm increase in maximum heart rate after training has been re-
ported in systolic heart failure and HFpEF in previous trials [18,35].

Diastolic function

Our analysis of E/A ratio is the first to identify that exercise
training may significantly improve this aspect of diastolic function.
Neither individual studies, nor pooled analyses published previously
have shown a post-exercise training benefit. Our analysis of E/E’
confirms the finding of Edelmann et a/. [30] but not the findings of
the pooled analysis of Taylor et al. [16]. E/E’ is a surrogate for filling
pressure and our analysis suggests a small reduction (improve-
ment) is elicited with exercise training in HFpEF patients. We sus-
pect that these changes in E/E’ do not account for all of the im-
provement in peak VO,, we therefore acknowledge that some
changes may be due to improved endothelial function [36]. Decel-
eration time (Dg) was also significantly reduced in our analysis;
this is the first analysis to demonstrate such a benefit. Together
these three measures of diastolic function have shown a trend to-
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wards normalization after exercise training. While improved dias-
tolic function due to exercise training has been previously demon-
strated in healthy people [37], previous work in HFpEF has failed to
show a trend towards improved E/A and D in people with HFpEF
[32]. Unfortunately study-level (as opposed to patient-level) meta-
analyses do not allow examination of the relationship between
changes in non-invasive measures of cardiac function to other com-
prehensive measures of systole/diastole generated by catheteriza-
tion, e.g., pressure-volume loops. Further well designed and appro-
priately powered studies of HFpEF are required to provide clarifica-
tion of how non-invasive and catheter based techniques interrelate
to avoid speculation regarding the probable long-term consequences
of chronically increased left ventricular pressures [38].

Quality of life and general health

Our analysis showed HFpEF patients exhibited reductions (improve-
ments) in Minnesota Living with Heart Failure scores of similar mag-
nitude to those seen in patients with systolic heart failure [39]. Our
analyses also showed HFpEF patients exhibited increased (improved)
SF-36 scores. The effect size was of a similar magnitude to improve-
ments seen previously in heart failure patients with normal (HFpEF)
and abnormal systolic function [35].

Limitations

The major limitation of this analysis is that only eight datasets cur-
rently exist and associated sample sizes were generally small. In terms
of study quality the median TESTEX score for the included studies in-
dicated of good study quality and comprehensive reporting. There were
insufficient data to warrant analysis of study withdrawal, adverse
events, hospitalization and mortality rates.

Heterogeneity scores indicated the majority of our analyses were
justified, but those of Vi/VCO, slope and 6 MWT may exhibit hetero-
geneity at levels too high to justify these analyses.

Meta-analysis of continuous data is problematic; for example data sam-
pling duration can alter peak VO, values in heart failure [40]. We adjusted
for baseline difference in primary outcomes between allocation groups by
measuring pre- versus post-intervention change. Often we were accurately
able to calculate change in standard deviation, but in cases where exact p-
values were not provided by study reports we used default values e.g.
p<0.05 or p<0.001 in our calculations which may introduce errors. Our
funnel plots appear to suggest negligible risk of publication bias. We sus-
pect that unpublished datasets with perhaps negative results do not exist.

Finally, we acknowledge that factors related to volume of exercise
may explain some of the outcomes reported, for example, intuitively
one suspects longer study duration variations may yield better results,
but the small number of included studies precluded sub-analyses of ex-
ercise volume parameters.

Previous work by one of our authors shows that people with HFpEF
tend to typically be 5 or more years older and more likely to be female
than their systolic dysfunction counterparts [35]. While the precise
volume of screening to identify people with HFpEF for this work were
not published, it can be revealed that screening of over 4000 echocar-
diograms yielded less than 20 exercise training participants. The ex-
planation of this low yield is because for the purposes of scientific
rigor, trials of HFpEF need to demonstrate participants do not have is-
chemic heart disease. Isolation from any hint of ischemic heart disease
is rare in HFpEF and therefore makes suitable trial participants ex-
tremely difficult to find. This is possibly the primary explanation why
over 100 randomized exercise training trials exist in systolic heart
failure patients, but only 8 exist to date in HFpEE.
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Conclusions

Exercise training does yield improvements in cardio-respiratory fit-
ness, diastolic function, quality of life and general health in heart
failure patients with preserved ejection fraction.

References

1. Bhatia RS, Tu JV, Lee DS, et al. Outcome of heart failure with pre-
served ejection fraction in a population-based study. N Engl J Med
2006;355:260-9.

2. Lam CS, Donal E, Kraigher-Krainer E, Vasan RS. Epidemiology and
clinical course of heart failure with preserved ejection fraction. Eur
J Heart Fail 2011;13:18-28.

3. Burkhoff D. Mortality in heart failure with preserved ejection frac-
tion: an unacceptably high rate. Eur Heart J 2012;33:1718-20.

4. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke
statistics—2012 update: a report from the American Heart Associ-
ation. Circulation 2012;125:¢2-e220.

5. Smart N. Exercise training for heart failure patients with and
without systolic dysfunction: an evidence-based analysis of how pa-
tients benefit. Cardiol Res Pract 2011;2011:837238.

6. Ismail H, McFarlane JR, Dieberg G, Smart NA. Exercise training
program characteristics and magnitude of change in functional ca-
pacity of heart failure patients. Int J Cardiol 2014;171:62-5.

7. Ismail H, McFarlane JR, Nojoumian AH, et al. Clinical outcomes
and cardiovascular responses to different exercise training inten-
sities in patients with heart failure: a systematic review and meta-
analysis. JACC Heart Fail 2013;1:514-22.

8. Smart NA, Steele M. The effect of physical training on systemic
pro-inflammatory cytokine expression in heart failure patients: a
systematic review. Int J Cardiol 2011;147:S18.

9. Smart NA, Steele M. Systematic review of the effect of aerobic and
resistance exercise training on systemic brain natriuretic peptide
(BNP) and N-terminal BNP expression in heart failure patients. Int
J Cardiol 2010;140:260-5.

10. Smart NA, Murison R. Rate of change in physical fitness and quality
of life and depression following exercise training in patients with
congestive heart failure. Congest Heart Fail 2013;19:1-5.

11. Smart NA, Meyer T, Butterfield JA, et al. Individual patient meta-
analysis of exercise training effects on systemic brain natriuretic
peptide expression in heart failure. Eur J Prev Cardiol 2012;
19:428-35.

12. Smart NA, Larsen Al, Le Maitre JP, et al. Effect of exercise training
on interleukin-6, tumour necrosis factor alpha and functional ca-
pacity in heart failure. Cardiol Res Pract 2011;532-620.

13. Smart NA, Dieberg G, Giallauria F. Intermittent versus continuous
exercise training in chronic heart failure: a meta-analysis. Int J
Cardiol 2013;166:352-58.

14. Smart NA, Meyer T, Butterfield J, et al. Individual patient meta-
analysis of exercise training effects on systemic brain natriuretic pep-
tide expression in heart failure. Eur J Prev Cardiol 2012; 19:428-35.

15. Holland DJ, Kumbhani DJ, Ahmed SH, Marwick TH. Effects of
Treatment on Exercise Tolerance, Cardiac Function and Mortality
in Heart Failure with Preserved Ejection Fraction; A Meta-Analysis.
Journal American College Cardiolology 2011;57:1676-86.

16. Taylor RS, Davies EJ, Dalal HM, et al. Effects of exercise training
for heart failure with preserved ejection fraction: A systematic re-
view and meta-analysis of comparative studies. Int J Cardiol 2012;

162:6-13.
OPEN a ACCESS



AR EDITRICE

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

OPEN aACCESS

Dieberg G, Ismail H, Giallauria F. et al. Clinical Outcomes and Car-
diovascular Responses to Exercise Training in Preserved Ejection
Fraction Heart Failure Patients: Systematic Review & Meta-
Analysis. Journal of applied physiology 2015;119:726-33.

Smart NA, Haluska B, Jeffriess L, Leung D. Exercise Training in
Heart Failure With Preserved Systolic Function: A Randomized
Controlled Trial of the Effects on Cardiac Function and Functional
Capacity. Congest Heart Fail 2012;18:295-301.

Smart NA, Ritchie C, Haluska BH, et al. A controlled exercise
training trial in patients with diastolic dysfunction. Eur Heart J
2006;27:102.

Guazzi M, Myers J, Peberdy MA. et al. Echocardiography with
Tissue Doppler Imaging and cardiopulmonary exercise testing in
patients with heart failure: a correlative and prognostic analysis.
Int J Cardiol 2010;143:323-29.

Kraigher-Krainer E, Shah AM, Gupta DK, et al. Impaired systolic
function by strain imaging in heart failure with preserved ejection
fraction. J Am Coll Cardiol 2014;63:447-56.

Bursi F, Weston SA, Redfield MM, et al. Systolic and diastolic heart
failure in the community. JAMA 2006;296:2209-16.

Rector TS, Cohn JN. Assessment of patient outcome with the Min-
nesota Living with Heart Failure questionnaire: reliability and va-
lidity during a randomized, double-blind, placebo-controlled trial of
pimobendan. Pimobendan Multicenter Research Group. Am Heart
J 1992;124:1017-25.

Brazier JE, Harper R, Jones, NM, et al. Validating the SF-36 health
survey questionnaire: new outcome measure for primary care. BMJ
1992;305:160-4.

Kitzman DW, Brubaker PH, Herrington DM, et al. Effect of en-
durance exercise training on endothelial function and arterial
stiffness in older patients with heart failure and preserved ejection
fraction: a randomized, controlled, single-blind trial. J Am Coll Car-
diol 2013;62:584-92.

Gary RA, Sueta CA, Dougherty M, et al. Home-based exercise im-
proves functional performance and quality of life in women with di-
astolic heart failure. Heart Lung 2004;33:210-18.

Smart NA, Waldron M, Ismail H, et al. Validation of a new tool for
the assessment of study quality and reporting in exercise training
studies: TESTEX. International journal of evidence-based health-
care 2015;13:9-18.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ 1997;315:629-34.
Alves AJ, Ribeiro F, Goldhammer E, et al. Exercise training im-

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

[Monaldi Archives for Chest Disease Cardiac Series 2016; 86:759]

proves diastolic function in heart failure patients. Med Sci Sports
Exerc 2012;44:776-85.

Edelmann F, Gelbrich G, Dungen HD, et al. Exercise training im-
proves exercise capacity and diastolic function in patients with
heart failure with preserved ejection fraction: results of the Ex-
DHF (Exercise training in Diastolic Heart Failure) pilot study. J Am
Coll Cardiol 2011;58:1780-91.

Karavidas A, Driva M, Parissis JT, et al. Functional electrical
stimulation of peripheral muscles improves endothelial function
and clinical and emotional status in heart failure patients with
preserved left ventricular ejection fraction. Am Heart J
2013;166:760-67.

Palau P, Dominguez E, Nunez E, et al. Effects of inspiratory muscle
training in patients with heart failure with preserved ejection frac-
tion. Eur J Prev Cardiol 2013.

Fu TC, Yang NI, Wang CH, et al. Aerobic Interval Training Elicits
Different Hemodynamic Adaptations Between Heart Failure Pa-
tients with Preserved and Reduced Ejection Fraction. Am J Phys
Med Rehabil 2015.

Sarullo FM, Fazio G, Brusca I, et al. Cardiopulmonary Exercise
Testing in Patients with Chronic Heart Failure: Prognostic Com-
parison from Peak VO2 and VE/VCO2 Slope. Open Cardiovasc Med
J 2010;4:127-34.

Smart N, Haluska B, Jeffriess L, Marwick, TH. Exercise training in
systolic and diastolic dysfunction: effects on cardiac function, func-
tional capacity, and quality of life. American Heart Journal
2007;153:530-36.

Hambrecht R, Hilbrich L, Erbs S, et al. Correction of endothelial
dysfunction in chronic heart failure: additional effects of exercise
training and oral L-arginine supplementation. Journal of the Amer-
ican College of Cardiology 2000;35:706-13.

Obert P, Mandigout S, Vinet A, et al. Effect of aerobic training and
detraining on left ventricular dimensions and diastolic function in
prepubertal boys and girls. Int J Sports Med 2001;22:90-96.
Fontes-Carvalho R, Leite-Moreria A. Heart Failure with Preservd
Ejection Fraction: fighting misconceptions for a new approach. Arq
Bras Cardiol 2011;96:504-14.

Smart N, Haluska B, Jeffriess L, et al. Cardiac contributions to ex-
ercise training responses in patients with chronic heart failure: a
strain imaging study. Echocardiography 2006;23:376-82.

Smart NA, Jeffriess L, Giallauria F, et al. Effect of duration of data
averaging interval on reported peak VO, in patients with heart
failure. Int J Cardiol 2015;182:530-533.

[page 9]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




