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Background: Geriatric rehabilitation programs primarily aim at an increase of mobility and

functional autonomy of the elderly. The cardiovascular effects of these programs, however,

remain elusive. Since regular physical exercise is associated with numerous beneficial cardio-

vascular effects including a reduction of blood pressure (BP), the present prospective study

investigates the hemodynamic effects of a representative standardized rehabilitation program.

Methods: A total of 74 subjects who were hospitalized in a German university hospital for

geriatric rehabilitation were enrolled in the study. Peripheral BP, central aortic BP, 24h-

ambulatory BP, heart rate and pulse wave velocity as a measure of arterial stiffness were

assessed at admission and before discharge from the hospital. The program contained 4–5

sessions of physical activity of individualized intensity per week (≥30 min/session, eg,

walking, cycling, stair rising).

Results: The mean age of the study population was 82.4±6.9 years; all patients suffered

from arterial hypertension (stage 2–3) with a median number of three antihypertensive drugs.

The most frequent cause for admission was injurious falls. The mean duration of the

rehabilitation program was 17 days and comprised at least 20 physical activity sessions

including occupational therapy. The program led to a significant improvement of mobility

(Timed Up & Go 29.5±18.5 vs 19.1 ±9.3 s, p<0.001) and Barthel index of activities of daily

living score (46.6±19.1 vs 69.8±16.5, p<0.001). Peripheral systolic BP decreased from 135.4

±19.0 mmHg at baseline to 129.0±18.4 mmHg at follow-up (p=0.03), whereas peripheral

diastolic BP, central aortic BP, 24h-ambulatory BP, heart rate and pulse wave velocity as a

measure of arterial stiffness were not significantly altered (p>0.05 each).

Conclusion: The present representative standardized geriatric rehabilitation program was

able to improve mobility, which showed a mild effect on systolic BP but did not affect 24h-

ambulatory BP.
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Introduction
Physical exercise on a regular basis induces multiple beneficial cardiovascular effects

including a reduction of blood pressure (BP).1 It is therefore strongly recommended as

a basic lifestyle modification by current hypertension guidelines.2,3 In normotensives,

regular exercise reduces systolic BP by 3–5 mmHg and diastolic BP by 2–3 mmHg. In

hypertensives, this effect is more pronounced yielding a mean reduction of 7 mmHg

systolic and 5 mmHg diastolic.4,5 With regard to the advanced arteriosclerotic wall

changes, comorbidities and limited physical fitness skepticism was expressed whether

elderly patients could achieve relevant changes of BP as well. In the past years,

however, we and others have shown that aerobic exercise is able to reduce BP even
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in the elderly.6–8 Noteworthy, even subjects with increased

arterial stiffness and isolated systolic hypertension demon-

strated a significant benefit in BP control.6 Data on the

necessary intensity of exercise training in the elderly, how-

ever, are sparse.

Geriatric rehabilitation programs aim primarily at an

improvement of the mobility and functional autonomy of

the elderly individual. They therefore contain predefined

minimum numbers of supervised physical activity sessions

(4–5/week, overall ≥20) of individualized intensity for a

period of 2–3 weeks. The program consists of aerobic

training (bicycle ergometer, stair rising), isometric training

and occupational therapy. Whereas there is convincing

evidence for the benefits in mobility, it remains elusive

whether these training sessions are able to induce a mea-

surable effect on BP and arterial function. Do the exercise

intensity, the number of sessions and the duration of the

overall program suffice to induce hemodynamic effects? In

addition to peripheral BP, it would be interesting to know,

whether there are effects on central BP. Since the CAFE

trial, a sub-study of ASCOT, it has increasingly been

recognized that central aortic BP has a higher prognostic

impact on stroke than peripheral BP.9

Geriatric rehabilitation programs primarily aim at an

improvement of the mobility and functional autonomy of

the elderly individual. Over a period of 2–3 weeks, they

encompass 10–15 sessions of physical activity. Patients are

usually admitted for cardiovascular problems like stroke,

or skeletal problems including osteoporosis, osteoarthritis

and knee/hip replacements. Whereas there is convincing

evidence for the benefits in mobility, it remains elusive

whether these training sessions are able to induce measur-

able hemodynamic effects as well, eg, on BP and arterial

function.

The primary hypothesis of the present prospective

study was that a standardized multidisciplinary geriatric

rehabilitation inpatient program is able to reduce periph-

eral systolic BP. Moreover, the study investigates the

effect on central aortic BP, 24h-ambulatory BP (ABP),

heart rate, and pulse wave velocity (PWV) as a measure

of arterial stiffness in a German university hospital.

Materials and Methods
Study Design and Protocol
Patients were recruited from the geriatric ward of a German

university hospital. Inclusion criteria were: Admission to the

Department of Geriatrics for a standardized rehabilitation

program in an inpatient setting, written informed consent.

Exclusion criteria: Inability to participate in the program in

an adequate manner for cognitive (dementia, delirium) or

physical reasons; surgical contraindications for mobilization.

The standardized geriatric rehabilitation program com-

prised at least 20 physical activity sessions including aero-

bic training, isometric training and occupational therapy.

The aerobic exercise included an individualized mixture of

bicycle ergometer, gait training and stair climbing for 30

min per day. In patients who were not able to walk,

isometric strength training of the lower limb was per-

formed instead of walking and stair climbing. Both train-

ings were supervised by a physiotherapist. The target was

to perform exercise at a level similar to the Borg Scale 13

(somewhat hard). The Borg scale ranges from 6 to 20 with

“6” corresponding to a “very, very light effort” and “20”

corresponding to “exhaustion”. The occupational sessions

were conducted by an occupational therapist for 30 min

per day and included mainly training of basic activities of

daily living.

The investigation took part in a real-life setting of a

geriatric acute care ward. With regard to the huge varia-

bility of physical performance in elderly participants, the

determination of exercise intensity necessitated a strong

individualization. Therefore, training intensity was guided

by the level of perceived exertion and not eg lactate levels.

Medical staff intended, as mentioned above, a training

intensity corresponding to level 13 of the Borg scale.

The overall program had duration of two to three

weeks. Peripheral BP, central aortic BP, 24h-ABP, heart

rate and PWV as a marker of arterial stiffness were mea-

sured before and after the standardized rehabilitation pro-

gram. Baseline parameters were assessed within the first 2

days of the program, follow-up examinations at least 2

hours with most of them being performed the day after the

final session. A significant change of systolic peripheral

BP from baseline to follow-up was defined as the primary

endpoint.

Patients’ characteristics including reason for admission

to the rehabilitation program and concomitant diseases are

presented in Table 1. The number of antihypertensive drugs

for each patient ranged from 1 to 5 (median 3). Thirty-four

subjects (45.9%) fulfilled the criteria of resistant hyperten-

sion (peripheral blood pressure ≥140/90 mmHg despite

three or more antihypertensive agents, one of which was a

diuretic).10 Antihypertensive medication contained diure-

tics, calcium-channel blockers, β-blockers, ACE inhibitors,

AT1 blockers, alpha-blockers, moxonidine, and clonidine.
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In order to minimize the bias of compliance concerning

antihypertensive drug intake during the study, all the

patients were insistently and repeatedly requested to take

care of an accurate drug intake. Written informed consent

was obtained from all participants before inclusion in the

study. The study was conducted in accordance with the

Declaration of Helsinki and was approved by the local

ethics committee at the Ruhr-University Bochum (April

22nd, 2015). Data were collected from May 2015 to April

2016.

Assessment of Mobility and Daily Life

Competences
A geriatric assessment was routinely performed after

admission and before discharge in every patient taking

part in the geriatric rehabilitation program. Mobility was

assessed by the Timed Up & Go test.11 In this test, the

subject is requested to stand up from the chair, walk a

predefined distance, turn around, walk back, and sit

down again. An older adult who takes ≥12 seconds to

complete the test is regarded at risk for falling. The

ability to perform daily life activities was assessed by

the German version of the Barthel index of activities of

daily living score.12 This score summarizes the subject’s

competences in, eg, food intake, bathing, dressing, blad-

der control, and mobility. If the subject is able to per-

form all these activities by himself, the maximal score

is 100.

Assessment of Hemodynamic Parameters
Peripheral BP was measured with an automated oscillo-

metric device (OMRON Healthcare Co., Kyoto, Japan).

Assessments of BP were performed as single measure-

ments after >5 min of rest. 24h-ABP monitoring was

performed using Spacelabs 90,207 monitors (Spacelabs,

Redmond, Washington, USA). Intervals between single

measurements were set to be 20 min during daytime

(6 a.m. to 10 p.m.) and 30 min during nighttime (10 p.m.

to 6 a.m.). Central aortic BP and PWV were assessed by

the SphygmoCor device (AtCor MedicalR, Sydney,

Australia) as recommended and published previously.13,14

Briefly, recording of radial pressure waveforms was per-

formed by a high-fidelity micromanometer placed on the

tip of a hand-held tonometer (Millar InstrumentsR,

Houston, USA), which was positioned above the radial

artery. Pulse waves were recorded for 12 s. In accordance

with the manufacturer’s recommendations several record-

ings were taken if needed in order to accomplish recom-

mended quality control criteria, namely a quality index

≥80%. Transformation of peripheral pressure waveforms

was performed by means of a generalized transfer func-

tion, which had been previously validated by intra-arte-

rially measured pressure waves.15,16 Calibration of the

recorded pressure waveforms was performed using the

brachial systolic and diastolic BP values. PWV was calcu-

lated from measurements of pulse transit time and the

distance travelled between two recording sites as “PWV

= distance/transit time”. An electrocardiogram (ECG) was

used to determine the start of the pulse-wave. The mean of

12 s of tonometer recorded pulse-waves at the radial and

carotid artery were used to determine the arrival of the

pulse-wave at the peripheral recording site (aortic PWV).

The distance was measured between the recording sites

and the suprasternal notch. The mean value of three con-

secutive measurements was used for statistical analysis.

Table 1 Study Population

Patients’ Characteristics n=74

Female 63 (85.1%)

Male 11 (14.9%)

Age (years) 82.4 (59–96)

Number of antihypertensive drugs 3 (1–5)

Body weight (kg) 69.8±26.3

Body mass index (kg/m2) 26.3±4.5

Multimorbidity (2 or more diseases, %) 74 (100%)

Polypharmacy (more than 5 medications, %) 18 (24.3%)

Reason for Immobility Syndrome Indicating

Rehabilitation

Injurious falls 12 (16.2%)

Stroke 10 (13.5%)

Surgery after traumatic fracture 8 (10.8%)

Surgery for other diseases 6 (8.1%)

Dementia 2 (2.7%)

Fracture (conservative treatment) 2 (2.7%)

Other 34 (45.9%)

Concomitant Diseases

Impaired cognitive function 10 (13.5%)

Osteoporosis 17 (23%)

Hypertension 74 (100%)

Congestive heart failure 16 (21.6%)

Coronary heart disease 23 (31.1%)

History of stroke 22 (29.7%)

Diabetes mellitus 21 (28.4%)

Chronic kidney disease 24 (32.4%)

Hyperlipidemia 40 (54.1%)
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Sample Size Estimation
Based on previous studies on exercise in hypertension, we

expected the intervention to result in a decrease of periph-

eral systolic BP of at least 5 mmHg.7,17–19 This difference

was considered to be clinically relevant. A sample size of

71 has 80% power to detect this difference assuming that

the common standard deviation is 15 mmHg in a paired

t-test with a two-sided p<0.05. We estimated the drop-out

rate to be 5% leading to an overall sample size of 74

patients.

Statistical Analysis
Numeric data are presented as mean ± standard deviation,

number of antihypertensive drugs as median and range.

Data were tested for normal distribution by the

Kolmogorov–Smirnov test. Changes of numeric para-

meters from baseline to follow-up were analyzed using a

paired two-tailed Student’s t-test in case of normal distri-

bution and a Wilcoxon signed-rank test in case of lacking

normal distribution. P<0.05 was regarded significant. All

statistical analysis was done using SPSS Statistics 21

(SPSS Inc, Chicago, Illinois, USA).

Results
The study population comprised 74 subjects with a mean

age of 82.4±6.9 years. The most frequent reason for

admission to the rehabilitation program was injurious

falls (16.2%), followed by stroke (13.5%), and surgery

after fracture (10.8%). Table 1 summarizes the epidemio-

logical data, reason for admission to rehabilitation, and

concomitant diseases of the population. The participants

showed a high level of comorbidity, functional impairment

and disability with 100% having hypertension, 21.6% con-

gestive heart failure, 31.1% coronary heart disease, and

28.4% diabetes. Assessment of mobility at baseline

revealed a strongly impaired state with a mean Timed Up

& Go of 29.5±18.5 s and a poor Barthel index of daily

living score (46.6±19.1). All except of 9 patients com-

pleted the rehabilitation program (Supplement Figure 1,

flow Figure).

Figure 1 and Table 2 illustrate the individual hemody-

namic parameters before and after the program. Figure 2

shows the development of functional parameters. The pro-

gram was associated with a significant improvement in

mobility: The duration of the Timed Up & Go test sig-

nificantly decreased from 29.5±18.5 s to 19.1±9.3s

(p<0.001). Moreover, the Barthel index of activities of

daily living score significantly increased from 46.6±19.1

to 69.8±16.5 (p<0.001) indicating an improvement in daily

life competences and less dependence from external help.

As shown in Table 2, baseline peripheral BP was 135.4

±19.0 mmHg systolic and 74.3±12.4 mmHg diastolic.

Assessment of central aortic systolic BP was successful

in 67% of the subjects at baseline and turned out to be

137.4±18.4 mmHg. Forty subjects (54%) had a 24h-ABP

both before and after the rehabilitation program. Mean

baseline 24h-ABP was 133.4±19.4/75.8±8.6 mmHg.

Mean heart rate was 64.6±11.4/min with 57% of the sub-

jects being administered beta-blockers. Arterial stiffness

was high with a mean PWV of 11.2±2.5 m/s.

At follow-up, peripheral systolic BP had decreased by

6.3±19.6 mmHg to 129.0±18.4 mmHg (p=0.03). By divid-

ing patients into 2 groups, based on blood pressure at

baseline: controlled hypertension (<140/90mmHg) and

uncontrolled hypertension (≥140/90mmHg) was demon-

strated that only the uncontrolled group did have a sig-

nificant reduction of the systolic blood pressure (from

150.8±10.3 to 134.4±19, p<0.001) with no change of the

diastolic blood pressure (p>0.05). In older patients with

controlled hypertension on baseline no change of the blood

pressure was seen (p>0.05). Peripheral diastolic BP, cen-

tral aortic systolic BP, 24h-ABP, and heart rate were not

significantly different from baseline parameters after com-

pletion of the rehabilitation program (p>0.05 each).

Arterial stiffness as measured by PWV was not signifi-

cantly affected either (p>0.05 each).

In 13 subjects antihypertensive medication was inten-

sified (n=8) or replaced by another medication (n=5) dur-

ing rehabilitation. After exclusion of these subjects the

peripheral systolic blood pressure still tended to be

decreased from 136.4±19.8 to 130.6±19.2 mmHg, but the

effect failed to reach statistical significance (p=0.06). In

analogy to the overall study population, peripheral diasto-

lic BP, central aortic systolic BP, 24h-ABP, heart rate, and

PWV did not significantly change from baseline to follow-

up (p>0.05 each, Supplement Table 1).

Changes in the Timed Up & Go test and Barthel index

remained significant (p<0.001, Supplement Table 1).

Discussion
The present study shows that a 2–3 weeks geriatric reha-

bilitation program provides a substantial improvement in

mobility and additionally has a mild effect on peripheral

BP in frail elderly patients. Systolic BP decreased by

5–6 mmHg. There was no effect on diastolic blood
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Figure 1 Individual hemodynamic parameters before (baseline) and after (follow-up) the geriatric rehabilitation program. (A) Peripheral and central aortic blood pressure

(BP), (B) 24h-ambulatory blood pressure (ABP), heart rate and pulse wave velocity (PWV).
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pressure, central aortic BP, 24h-ambulatory BP, heart rate

and pulse wave velocity as a measure of arterial stiffness.

Physical exercise generally has a stronger impact on

systolic than on diastolic blood pressure.20 This phe-

nomenon is even more pronounced in isolated systolic

hypertension, the typical form of hypertension in the

elderly. Isolated systolic hypertension results from high

aortic stiffness with reduced Windkessel function.

Indeed, the present study in an 82-year-old population

had both a PWV > 11 m/s and a pulse pressure >60

mmHg, both indicating substantially increased arterial

stiffness. Since advanced arteriosclerosis encompasses

peripheral arteries as the targets of most antihyperten-

sive drugs as well, isolated systolic hypertension

frequently constitutes a therapeutic challenge and

requires a combination of multiple antihypertensive

drugs. Accordingly, 46% of the present population suf-

fered from resistant hypertension. Whereas the reduc-

tion of systolic office blood pressure by e g a calcium

channel blocker is about 10–15 mmHg in the general

population, it is markedly lower in the elderly

population.21 Since the BP lowering effect is mediated

at least in part by a modification of vascular tone as

well. In this context, the decrease of 5–6 mmHg in the

present study is still quite remarkable. Interestingly,

these 5–6 mmHg resemble exactly the effect that has

been demonstrated in prior trials on exercise in elderly

hypertensives.7,22

Table 2 Hemodynamic and Functional Parameters Before and After the Geriatric Rehabilitation Program

Parameter Rehabilitation Program (n=65, 9 Drop-Outs) Cohen’s d

Baseline Follow-Up Delta p

Hemodynamic Parameters

Peripheral systolic BP (mmHg) 135.4±19.0 129.0±18.4 −6.3±19.6 0.03 0.32

Peripheral diastolic BP (mmHg) 74.3±12.4 72.8±12.6 −1.5±15.9 ns 0.09

Daytime systolic ABP (mmHg) 131.9±18.9 130.8±23.3 −1.1±17.5 ns 0.06

Daytime diastolic ABP (mmHg) 76.9±10.1 76.6±14.1 −0.3±12.8 ns 0.03

Nighttime systolic ABP (mmHg) 132.2±24.1 135.9±31.0 3.7±12.1 ns 0.29

Nighttime diastolic ABP (mmHg) 74.9±10.3 76.1±16.3 1.2±11.8 ns 0.10

24h-systolic ABP (mmHg) 133.4±19.4 130.8±24.6 −2.6±15.9 ns 0.16

24h-diastolic ABP (mmHg) 75.8±8.6 76.1±15.3 −1.3±11.2 ns 0.11

Central systolic BP (mmHg) 137.4±18.4 136.1±18.4 −1.3±14.9 ns 0.08

Central pulse pressure (mmHg) 61.1±12.4 61.4±11.8 0.2±17.8 ns 0.01

Pulse wave velocity (m/s) 11.2±2.5 10.8±3.3 −0.44±2.6 ns 0.17

Heart rate (1/min) 64.6±11.4 67.7±9.9 3.1±9.5 ns 0.31

Functional parameters

Timed Up & Go 29.5±18.5 19.1±9.3 −10.4±12.9 <0.001 0.81

Barthel index 46.6±19.1 69.8±16.5 23.3±14.6 <0.001 1.59

Notes: Data presented as mean ± standard deviation. Changes of parameters from baseline to follow-up were analyzed using paired t-test. Delta: value at follow-up minus

value at baseline. P < 0.05 was regarded significant (bold type). Cohen´s d is reported for the effect size.

Abbreviations: BP, blood pressure; ABP, 24h-ambulatory blood pressure; PWV, pulse wave velocity.

Figure 2 Individual functional parameters before (baseline) and after (follow-up) the geriatric rehabilitation program. (A) Timed Up & Go and (B) Barthel index.
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The HYVET and the SPRINT-SENIOR trial showed

impressively that a reduction of BP substantially reduces

cardiovascular morbidity and mortality even in the (very)

elderly.23,24 The most pronounced benefit is a reduction of

hospitalizations for congestive heart failure.23,24

Moreover, a more intense antihypertensive regimen is

able to reduce mild cognitive dysfunction and dementia.25

Although the SPRINT-SENIOR did not find an increased

number of injurious falls, antihypertensive therapy –

including aerobic exercise – in the elderly should “start

low and go slow” with regular measurements of BP in an

upright position in order to detect orthostatic

dysregulation.

Finally, it should be considered that baseline systolic

blood pressure was only 135 mmHg in the present popula-

tion. Since the exercise-induced reduction of blood pres-

sure increases with baseline blood pressure, an even more

pronounced effect may be expected with higher initial

blood pressure.6 A systolic BP reduction of 5 mmHg has

to be regarded as clinically relevant, since it eg reduces the

first incidence of fatal and nonfatal stroke by 29%.26 The

lacking effect on PWV shows that the exercise program

was not able to induce a measurable effect on the archi-

tecture of the arterial wall. This finding was not unex-

pected since arterial stiffness in the elderly is

predominantly determined by the extent of arteriosclerosis.

The mechanisms underlying the exercise-induced

effects on BP are incompletely understood. A reduction

of sympathetic tone, an improvement of endothelium-

dependent vasodilation, a reduction of reactive oxygen

species, inflammation and arterial stiffness have been pro-

posed to contribute to this phenomenon.27,28 The present

study did not show an improvement of PWV as a measure

of arterial stiffness. This is actually not surprising, since

changes in the vascular architecture necessitate a substan-

tially longer period of regular exercise.29 Moreover, there

was no effect on 24h-ABP. It could therefore be speculated

that the observed benefit in eventual BP corresponded to

the so-called “post exercise hypotension” – a short period

of reduced BP immediately after physical activity. To

avoid the detection of post-exercise hypotension, however,

measurements of eventual BP were performed at least 2

hours after the last physical activity session or the day

after that. Whereas eventual BP readings were available in

all the study participants, 46% refused another 24h-ABP

or discontinued it after completion of the program. This

may have contributed to the discrepancy between eventual

and 24h-ABP readings. For the time being, it has to be

stated that the study did not prove a long-term effect of the

program on BP.

The lack of a more pronounced BP effect of the ger-

iatric rehabilitation program is not unexpected. Geriatric

rehabilitation programs are intended to primarily address

functional deficits and thereby to improve balance, coordi-

nation, and mobility. These programs do not focus on

cardiovascular effects of exercise training. Exercise inten-

sity is usually low. As indicated by the baseline Timed Up

& Go test, the age and the extent of comorbidities, the

study population showed a substantially impaired mobility

and physical capacity. With a mean age of 82 years and the

documented comorbidities, our study population is quite

representative for the patients in a geriatric rehabilitation

program.

The present study is limited by several aspects:

Peripheral BP was assessed by single measurements and

training sessions were individualized to the patients’ con-

dition. Therefore, there was a high variability of training

intensity. This limitation was inevitable, however, since

the study intended to investigate the cardiovascular effects

in a real-life setting. For the same reason, there was no

control group. Naturally, it is not possible to withhold

physical exercise to a patient who is admitted for geriatric

rehabilitation. Thus, it cannot finally be excluded that

further factors including a regression to the mean phenom-

enon contribute to the decrease of BP.30 As a further

limitation, not all the subjects agreed to perform an ana-

lysis of arterial function and 24h-ABP. Finally, the differ-

ent time points of the follow-up examination (between 2

hours and 1 day after the last session) may influence the

results as long as a residual effect of the last exercise

session may still be detectable.

Conclusions
The present work constitutes the first prospective trial

investigating the effects of a geriatric rehabilitation pro-

gram on arterial function, peripheral and central aortic BP.

It shows that a geriatric rehabilitation is able to provide

mild cardiovascular benefits in addition to the improve-

ment of the mobility and functional autonomy of older

patients.

Abbreviations
BP, blood pressure; ABP, ambulatory blood pressure;

PWV, pulse wave velocity.
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