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Abstract The objective of this prospective randomized

controlled study was to compare the long-term effects of a

structured physical activity intervention with those of aer-

obic exercises alone, in a cohort of elderly patients who

had undergone elective cardiac surgery, and who were

classified as frail at the end of rehabilitation based on their

Short Physical Performance Battery (SPPB) score. At the

end of rehabilitation, 140 frail elderly patients were ran-

domly allocated either to the intervention group (IG) or to

the control group (CG). CG participants received the usual

aerobic exercise prescription, while IG participants were

also taught additional exercises for strength, flexibility,

balance and coordination. The improvement in SPPB score

after 1 year was the outcome of the study. IG showed a

significant improvement in SPPB score (9.0 ± 1.1 vs.

7.7 ± 1.4, p \ 0.001), while no significant change was

found in CG (7.7 ± 1.6 vs. 7.6 ± 1.5, p = 0.252). IG also

showed a significantly higher proportion of participants

who improved their SPPB score of at least 1 point (70 vs.

37%, p \ 0.001). In conclusions, our structured physical

activity intervention significantly improves the SPPB score

in frail elderly patients who have undergone elective car-

diac surgery. An intervention that improves the SPPB score

might delay the occurrence of mobility disability.

Keywords Disability � Frailty � Elderly patients �
Cardiac surgery � Rehabilitation

Introduction

Disability is the loss of independence in activities of daily

living [1]. Although it may occur as a consequence of

catastrophic events, in most older persons, disability pro-

gresses through a pattern of gradual decline in multiple

domains of the physiologic reserve [2, 3], including

strength, flexibility, balance and coordination [4]. The

clinical condition that precedes the occurrence of disability

has been defined as ‘‘frailty’’ [5] and characterizes non-

disabled older persons at high risk of incident disability [6].

The Short Physical Performance Battery (SPPB) is a

standardized measure of lower extremity physical perfor-

mance that includes walking, balance and strength tasks

[7]. As a low SPPB score is a strong predictor of disability

in nondisabled older persons [8], independent of other

health conditions and socioeconomic factors [9], the SPPB

has been widely used in geriatric research and epidemio-

logical studies to identify frail older persons [10, 11].

Interestingly, the LIFE-P study [11] provides conclusive

evidence that structured physical activity interventions

improve the 400-m walking speed and the SPPB score in

frail, home dwelling older persons, suggesting that struc-

tured physical activity interventions might have the

potential to counteract, or at least to slow down, the

occurrence of disability.

In a previous study on patients who had undergone

cardiac surgery, and who, subsequently, received post-

acute rehabilitation, we found that two out of three patients

were still capable of recovering, or even increasing, their

regular physical activity in the year after rehabilitation

[12]. Of note, the self-reported level of physical activity

was significantly associated with the objective finding of

the distance walked at the 6-min walk test. However, in

that study, according to current guidelines on cardiac
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rehabilitation, the physical exercise prescription to be

performed at home mainly consisted of aerobic exercises

[13, 14]. Further, possible changes in SPPB score over time

were not assessed.

As the number of older persons presenting for cardiac

surgery is constantly increasing [15, 16], understanding

whether specific exercises for strength, flexibility, balance

and coordination might be successfully integrated into the

usual post-rehabilitation exercise prescription, to counter-

act, or at least to slow down, the gradual decline in physical

function in frail older persons, is a relevant issue.

This paper presents a randomized controlled study on

nondisabled elderly patients who had undergone elective

cardiac surgery and who were classified as frail at the end

of rehabilitation, based upon their SPPB score. Our

objective was to compare the long-term effects of a

structured physical activity intervention that included,

along with aerobic training, also specific exercises for

strength, flexibility, balance and coordination, with those of

aerobic exercises alone. The improvement in SPPB score

1-year after the rehabilitation was the outcome of the study.

Methods

Study design

This study was designed as a prospective, parallel-group,

pragmatic, randomized controlled study, with 1-year fol-

low-up and 50% allocation ratio.

Participants

All nondisabled patients who completed inpatient post-

acute rehabilitation after elective cardiac surgery were

considered eligible for the study. Inclusion criteria were

having an age of 65 years or more, and being classified as

frail at the end of rehabilitation, based on an SPPB score

equal or lower than 9 (on a 0–12 scale, see below) [7].

Patients showing cognitive deterioration (Mini Mental

State Examination score equal or lower than 18) [17] or

severe depression (15-item Geriatric Depression Scale

higher than 10) [18] were excluded from the study. Eligible

patients meeting the above criteria were invited to partic-

ipate in the study, and were asked for their written consent.

The Institutional Review Board of the Don Gnocchi

Foundation approved the study protocol.

Intervention

A few days before discharge, patients were randomly

allocated (see below) either to the intervention group (IG)

or to the control group (CG). CG participants received the

usual aerobic exercise prescription [19, 20]. IG participants

were also taught, in two extra meetings, additional specific

exercises for strength, flexibility, balance and coordination,

by two therapists with university degrees in both motor

sciences and physiotherapy, and at least 5 years of

experience.

Specifically, additional exercises were divided into four

groups:

• Exercises aimed at improving upper and lower limb

muscle strength. For the upper limb, exercises were

designed to increase the strength of shoulder flexors

and abductors and elbow flexors. These exercises were

performed using additional weights, starting from

0.5 kg (corresponding to a half-liter bottle of mineral

water), with possible increase of 0.5 kg steps, till 2 kg

max. For the lower limb, exercises were designed to

increase the strength of quadriceps, gluteus muscles,

hamstrings and gastrocnemius muscles. These exercises

were performed without additional weights and

changes in the starting position and in the range of

motion increased their intensity.

• Exercises aimed at improving body flexibility and

muscle length. Along with stretching exercise for back

and lower limbs, exercises for neck and shoulder

flexibility were also included.

• Exercises aimed at improving dynamic balance. In

these exercises patients walked following a straight line

with their feet side by side and subsequently in semi

tandem and tandem position.

• Exercises aimed at improving coordination. Simple

upper and lower limb movements were chosen that

gave the possibility to adapt exercise difficulty to the

level of coordination shown by each participant.

Changing the plane of movements for each limb and,

subsequently, combining upper and lower limb move-

ments increased exercise difficulty.

At the end of the two extra meetings, participants were

given a booklet with the images of additional exercises,

along with their progressive steps, to be performed at home

at least three times a week for about 30 min. Participants

also received extensive information on the risk of disabil-

ity, along with its consequences on quality of life and

family burden, and were strongly encouraged to continue

the above exercises.

Outcome

The SPPB involves three timed measures of lower

extremity performance: balance, five repeated chair stands

and 4-m self-paced walking speed [7]. Performance in each

of these tasks is assigned an ordinal score ranging from 0 to

4, with 0 indicating inability to perform the test and 4 the
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highest level of performance. A summary score ranging

from 0 (worst performers) to 12 (best performers) is cal-

culated by simply adding walking speed, chair stands and

balance scores [7]. Patients showing a summary score

equal or lower than 9 are considered as frail, i.e. at high

risk for incident disability [6–9].

SPPB score was assessed both at baseline and at 1-year

follow-up by the same expert physiotherapist. We regarded

as clinically relevant a difference of the SPPB score equal

or greater than 1 point, which is considered a substantial

change in the pertinent literature [21, 22].

Other variables

Family history of cardiovascular diseases was ascertained

based on the report of death or morbidity for angina,

myocardial infarction, stroke or peripheral artery disease in

one or both parents, or in one or more siblings, at the age

under 65 years. Modifiable cardiovascular risk factors,

such as smoking habit, hypertension, diabetes and dysli-

pidemia were considered categorical variables and ascer-

tained using standard criteria [14]. Body mass index (BMI)

was calculated according to the formula: BMI = weight

(kg)/height (m)2. All patients underwent echocardiography,

using a My Lab 30 apparatus (ESAOTE, Genoa, Italy)

equipped with a 2.5 MHz imaging transducer and left

ventricular ejection fraction was assessed using standard-

ized criteria [23]. Chronic atrial fibrillation was also

ascertained using standardized criteria. The 6-min walk test

was performed according to the recommendations of the

American Thoracic Society [24].

Sample size

The sample size was estimated based on a large series of

nondisabled elderly patients who had undergone SPPB

score assessment at the end of the rehabilitation in our

center. As the mean SPPB score among those who showed

a score equal or lower than 9 was, consistently with pre-

viously reported data [11], 7.6 ± SD 1.4, we estimated that

a sample of around 45 participants per group would have

been able to detect a difference of at least 1 point in the

SPPB score at follow-up, with a 0.9 power at the two-sided

0.05 level. However, taking into consideration both a

possible low attendance rate of the follow-up visit and a

possible low adherence rate to the exercise prescription, we

enrolled 70 participants per group.

Randomization

Once enrolled, each participant was given a progressive

number and the sister of the ward assigned patients to their

group based upon a two-column series (1 for each group)

of randomly generated numbers, without any restriction.

Blinding

The physiotherapist who performed both baseline and

follow-up SPPB assessment was blind as to which group

the patient had been assigned.

Statistics

Data are reported as mean ± standard deviation or as

absolute number, along with the percentage in brackets.

Statistical analyses were performed using the STATA 7.0

software, from Stata Corporation (College Station, TX,

USA). Differences in baseline characteristics between

groups were tested using the Student’s t test or the Pear-

son’s v2 test, for continuous or categorical variables,

respectively. Differences in SPPB scores between groups,

both at baseline and at follow-up, were tested using the

Kruskal–Wallis rank test, and differences from baseline to

follow-up were tested using the Wilcoxon’s rank test.

Then, changes in SPPB score from baseline to follow-up

were classed into three categories (improvement of at least

1 point, unchanged and worsening) and risk differences

between groups, along with risk ratios, were calculated

using the Fisher exact test. Finally, for ancillary analyses,

we also dichotomized both baseline SPPB score (4–6 vs.

7–9) and follow-up SPPB score (equal or lower than 9 vs.

higher than 9), and risk differences and ratios were also

calculated using the Fisher exact test.

Results

Participant flow

Figure 1 shows the flow diagram of the study. We assessed

for eligibility 293 nondisabled consecutive patients who

had undergone elective cardiac surgery and who completed

post-acute inpatient rehabilitation: 128 patients did not

meet the inclusion criteria, 55 (19% of eligible patients)

because the age was under 65 years and 73 (31% of eli-

gible patients aged 65 years or more) because the SPPB

score at the end of the rehabilitation was higher than 9.

Eleven patients showed either cognitive deterioration or

severe depression and were excluded. Further, 14 patients

declined to participate in the study. The remaining 140

patients (93 men and 47 women, mean age 74 years ± SD

6, age range 65–88, median 73.5, 1st quartile 69.5, 3rd

quartile 79) were randomly allocated, 70 each group, either

to the IG or to the CG. Altogether, the attendance rate of

the follow-up visit was 89% and the self-reported
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adherence rate to the physical exercise prescription for both

structured intervention and aerobic exercise alone was

around 70%.

Recruitment

Participants were recruited from May 2008 to 2009 and

were invited for the follow-up visit 1 year after discharge,

from May 2009 to 2010.

Baseline data

Baseline demographic and clinical characteristics of study

participants according to randomized groups are shown in

Table 1. No significant difference was found between IG

and CG. Baseline SPPB score ranged from 4 to 9 in both IG

and CG (Table 2) and scores were evenly distributed in the

two groups.

Number analyzed

Intention to treat analysis (ITT), with the original number

of participants (70 each group, n = 140) as denominator,

was first performed. Then, as 15 participants were lost to

follow-up and the outcome measure was no way available,

instead of using imputation techniques, we performed the

‘‘complete case’’ ITT [25], using as denominator the

number of participants who attended the follow-up visit (63

in IG and 62 in CG, n = 125). Finally, as further 26

participants discontinued the exercise prescription, we also

Fig. 1 Flow diagram of the

study
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performed the per protocol analysis (PP), using as

denominator the number of participants who both attended

the follow-up visit and continued the exercise prescription

(51 in IG and 48 in CG, n = 99).

Outcome and estimation

Table 2 shows changes in SPPB score according to ran-

domized groups in participants who attended the follow-up

Table 1 Baseline

characteristics of study

participants according to

randomized groups (n = 140)

* From two-tailed Student’s

t test or Pearson’s v2 test, as

appropriate

Intervention group

(n = 70)

Control group

(n = 70)

p*

Demographics

Age, years (mean ± SD) 74.7 ± 6.3 73.9 ± 6.0 0.443

Female sex, n (%) 19 (27) 28 (40) 0.107

Operation

Coronary artery by-pass graft, n (%) 22 (31) 30 (43)

Valve repair/replacement, n (%) 30 (43) 24 (34) 0.365

Combined procedures, n (%) 18 (26) 16 (23)

Cardiovascular risk factors

Family history of cardiovascular diseases, n (%) 20 (29) 18 (26) 0.824

Current smokers, n (%) 4 (6) 1 (1.5) 0.188

Hypertension, n (%) 51 (73) 43 (61) 0.225

Diabetes, n (%) 13 (19) 15 (21) 0.580

Dyslipidemia, n (%) 15 (21) 14 (20) 0.939

Body mass index (kg/m2) (mean ± SD) 25.3 ± 3.0 25.7 ± 2.8 0.486

Left ventricular ejection fraction, % (mean ± SD) 52.4 ± 9.1 52.6 ± 8.7 0.901

Chronic atrial fibrillation, n (%) 5 (7) 7 (10) 0.546

6-min walk test, m (mean ± SD) 334 ± 68 329 ± 72 0.719

Table 2 Changes in Short

Physical Performance Battery

(SPPB) score according to

randomized groups in

participants who completed the

follow-up (n = 125)

* From Kruskal–Wallis rank

test

** From Wilcoxon rank test

Intervention group

(n = 63)

Control group,

(n = 62)

p*

Baseline SPPB score

Score 4, n (%) 1 (2) 2 (3)

Score 5, n (%) 7 (11) 7 (11)

Score 6, n (%) 3 (5) 3 (5)

Score 7, n (%) 11 (17) 12 (19) 0.259

Score 8, n (%) 15 (24) 17 (27)

Score 9, n (%) 26 (41) 21 (34)

Mean score (± SD) 7.7 ± 1.4 7.6 ± 1.5

Follow-up SPPB score

Score 4, n (%) 0 (0) 1 (2)

Score 5, n (%) 0 (0) 7 (11)

Score 6, n (%) 2 (3) 5 (8)

Score 7, n (%) 5 (8) 12 (19)

Score 8, n (%) 7 (11) 13 (21) \0.001

Score 9, n (%) 30 (48) 20 (32)

Score 10, n (%) 13 (20.5) 3 (5)

Score 11, n (%) 6 (9.5) 1 (2)

Score 12, n (%) 0 (0) 0 (0)

Mean score (± SD) 9.0 ± 1.1 7.7 ± 1.6

p** \0.001 0.252
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visit. IG participants showed a significant improvement in

the SPPB score from baseline to follow-up, while no sig-

nificant change was found in CG participants. Table 3

shows primary analyses, along with risk differences and

ratios. In all analyses, IG showed a significantly higher

proportion of participants who improved of at least 1 point,

and, conversely, a significantly lower proportion of par-

ticipants who worsened their SPPB score. In the PP anal-

ysis only, IG also showed a significantly lower proportion

of participants who maintained their SPPB score

unchanged.

Ancillary analyses

A first set of ancillary exploratory subgroup analyses were

performed after having dichotomized the baseline SPPB

score. In the subgroup with baseline SPPB score 4–6, IG

showed a significantly greater improvement in the SPPB

score than CG (2.5 ± 1.4 vs. 1.2 ± 1.4, p = 0.023).

Within this subgroup, there was no significant difference in

the proportion of participants who either improved or

worsened or maintained unchanged their SPPB score

(Table 4). In the subgroup with baseline SPPB score 7–9,

IG also showed a significantly greater improvement in the

SPPB score than CG (1.0 ± 1.1 vs. -0.1 ± 1.2,

p \ 0.001). Within this subgroup, IG showed a signifi-

cantly higher proportion of participants who improved of at

least 1 point and, conversely, a significantly lower pro-

portion of participants who worsened their SPPB score. In

the per protocol analysis only, IG also showed a signifi-

cantly lower proportion of participants with unchanged

SPPB score (Table 4). A second set of ancillary explor-

atory subgroup analyses were performed after having

dichotomized the follow-up SPPB score. In all analyses, IG

showed a significantly higher proportion of participants

with a follow-up SPPB score higher than 9 (Table 5), i.e. a

significantly higher proportion of participants who were no

more classified as frail after 1 year.

Harm

No clinically relevant adverse event attributable to the

physical activity intervention was reported.

Discussion

In this randomized controlled study on nondisabled elderly

patients who had undergone elective cardiac surgery and

who were classified as frail at the end of rehabilitation, we

compared the long-term effects of a structured physical

activity intervention with those of aerobic exercises alone.

After 1 year, we found that participants who received the

structured physical activity intervention showed a signifi-

cantly greater improvement in the SPPB score and a sig-

nificantly higher proportion of participants who improved

their SPPB score of at least 1 point.

Limitations

The single-site design and the relatively small number of

participants are the main methodological limitations of this

study.

Generalizability

Other inherent limitations of this study may restrict the

generalizability of our results. In fact, we selectively

investigated a cohort of frail elderly patients who had

undergone elective cardiac surgery and who, subsequently,

Table 3 Changes in Short Physical Performance Battery (SPPB) score according to randomized groups: primary analyses

Intervention group Control group p* Risk difference (95% CI) Risk ratio (95% CI)

Intention to treat analysis (ITT) (n = 140)

SPPB improvement C1 point, n (%) 44/70 (63) 23/70 (33) \0.001 30% (14–46) 1.91 (1.31–2.80)

SPPB unchanged, n (%) 18/70 (26) 24/70 (34) 0.269 -9% (-24 to 7) 0.75 (0.45–1.25)

SPPB worsening C1 point, n (%) 1/70 (1) 15/70 (21) \0.001 -20% (-30 to -10) 0.07 (0.01–0.49)

‘‘Complete case’’ ITT analysis (n = 125)

SPPB improvement C1 point, n (%) 44/63 (70) 23/62 (37) \0.001 33% (16–49) 1.88 (1.31–2.71)

SPPB unchanged, n (%) 18/63 (28.5) 24/62 (39) 0.260 -10% (-26 to 6) 0.74 (0.45–1.22)

SPPB worsening C1 point, n (%) 1/63 (1.5) 15/62 (24) \0.001 -23% (-34 to -12) 0.07 (0.01–0.48)

Per protocol analysis (n = 99)

SPPB improvement C1 point, n (%) 41/51 (80) 18/48 (38) \0.001 42% (25–60) 2.14 (1.52–3.16)

SPPB unchanged, n (%) 10/51 (20) 20/48 (41) 0.017 -21% (-40 to -4) 0.66 (0.38–1.15)

SPPB worsening C1 point, n (%) 0/51 (0) 10/48 (21) \0.001 -21% (-32 to -9) –

* From two-tailed Fisher’s exact test
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received post-acute inpatient rehabilitation. Accordingly,

our result cannot be directly extended to all frail older

persons or to all frail elderly patients with cardiac diseases,

either not receiving rehabilitation or receiving outpatient

rehabilitation or receiving inpatient rehabilitation for clin-

ical conditions other than elective cardiac surgery.

Table 4 Changes in Short Physical Performance Battery (SPPB) score according to randomized groups and baseline SPPB scores: ancillary

exploratory subgroup analyses

Intervention group Control group p* Risk difference (95% CI) Risk ratio (95% CI)

Intention to treat analysis (ITT) (n = 140)

Baseline SPPB 4–6 (n = 32)

SPPB improvement C1 point, n (%) 10/14 (71) 9/18 (50) 0.221 21% (-12 to 54) 1.43 (0.81–2.52)

SPPB unchanged, n (%) 1/14 (7) 1/18 (5.5) 0.854 1.5% (-16 to 19) 1.29 (0.09–18.8)

SPPB worsening C1 point, n (%) 0/14 (0) 2/18 (11) 0.198 -11% (-26 to 3) –

Baseline SPPB 7–9 (n = 108)

SPPB improvement C1 point, n (%) 34/56 (61) 14/52 (27) \0.001 34% (16–51) 2.26 (1.38–3.70)

SPPB unchanged, n (%) 17/56 (30) 23/52 (44) 0.136 -14% (-32 to 4) 0.69 (0.42–1.13)

SPPB worsening C1 point, n (%) 1/56 (2) 13/52 (25) \0.001 -23% (-35 to -11) 0.07 (0.01–0.53)

‘‘Complete case’’ ITT analysis (n = 125)

Baseline SPPB 4–6 (n = 23)

SPPB improvement C1 point, n (%) 10/11 (91) 9/12 (75) 0.590 16% (-14 to 46) 1.21 (0.83–1.77)

SPPB unchanged, n (%) 1/11 (9) 1/12 (8) 1.000 1% (-22 to 24) 1.09 (0.07–15.4)

SPPB worsening C1 point, n (%) 0/11 (0) 2/12 (17) 0.478 -17% (-38 to 4) –

Baseline SPPB 7–9 (n = 102)

SPPB improvement C1 point, n (%) 34/52 (65) 14/50 (28) \0.001 37% (19 to 55) 2.34 (1.44–3.80)

SPPB unchanged, n (%) 17/52 (33) 23/50 (46) 0.224 -13% (-32 to 5) 0.71 (0.43–1.16)

SPPB worsening C1 point, n (%) 1/52 (2) 13/50 (26) \0.001 -24% (-37 to -11) 0.07 (0.01–0.54)

Per protocol analysis (n = 99)

Baseline SPPB 4–6 (n = 18)

SPPB improvement C1 point, n (%) 9/9 (100) 7/9 (78) 0.134 22% (-5 to 49) 1.29 (0.91–1.82)

SPPB unchanged, n (%) 0/9 (0) 0/9 (0) 1.000 – –

SPPB worsening C1 point, n (%) 0/9 (0) 2/9 (22) 0.134 -22% (-49 to 5) –

Baseline SPPB 7–9 (n = 81)

SPPB improvement C1 point, n (%) 32/42 (76) 11/39 (28) \0.001 48% (29–67) 2.70 (1.59–4.58)

SPPB unchanged, n (%) 10/42 (24) 20/39 (51) 0.011 -27% (-48 to -7) 0.46 (0.25–0.86)

SPPB worsening C1 point, n (%) 0/42 (0) 8/39 (21) 0.002 -21% (-33 to -8) –

* From two-tailed Fisher’s exact test

Table 5 Changes in Short Physical Performance Battery (SPPB) score according to randomized groups and follow-up SPPB scores: ancillary

exploratory subgroup analyses

Intervention group Control group p* Risk difference (95% CI) Risk ratio (95% CI)

Intention to treat analysis (ITT) (n = 140)

Follow-up SPPB [9, n (%) 19/70 (27) 4/70 (6) 0.001 21% (10–33) 4.75 (1.70–13.3)

Follow-up SPPB B9, n (%) 44/70 (63) 58/70 (83) 0.013 -20% (-34 to -6) 0.76 (0.62–0.94)

‘‘Complete case’’ ITT analysis (n = 125)

Follow-up SPPB [9, n (%) 19/63 (30) 4/62 (6) \0.001 24% (11–37) 4.67 (1.69–13.0)

Follow-up SPPB B9, n (%) 44/63 (70) 58/62 (94) \0.001 -24% (-37 to -11) 0.75 (0.63–0.89)

Per protocol analysis (n = 99)

Follow-up SPPB [9, n (%) 19/51 (37) 3/48 (6) \0.001 31% (16–46) 5.96 (1.88–18.9)

Follow-up SPPB B9, n (%) 32/51 (63) 45/48 (94) \0.001 -31% (-46 to -16) 0.67 (0.54–0.84)

* From two-tailed Fisher’s exact test
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Interpretation

To the best of our knowledge, the long-term effects of a

structured physical activity intervention on measures of

physical performance in nondisabled elderly patients who

had undergone elective cardiac surgery and who were

classified as frail at the end of rehabilitation have never

been reported before. Although direct comparisons with the

existing literature are, obviously, not feasible, the LIFE-P

study [11], in which the effects of structured physical

activity interventions were tested in frail, home dwelling

older persons, might, anyhow, be a suitable reference.

In our cohort, both the attendance rate of the follow-up

visit and the adherence rate to the physical exercise pre-

scription were quite high (89 and 70%, respectively) and

these findings are aligned with the results of both the LIFE-

P study [11] and a previous study from our group [12].

Although LIFE-P study participants [11] and our elderly

patients had similar baseline SPPB scores, after 1 year,

our intervention group showed a greater SPPB score

improvement and a higher proportion of participants who

increased of at least 1 point, or who maintained unchanged,

their SPPB score. These findings might be accounted for by

the fact that our participants had recently undergone a

cardiac operation. Indeed, elective cardiac surgery is aimed

at increasing life expectancy, and, which might be even

more important for very old patients [26], at improving

quality of life and independence through the relief of

limiting symptoms, such as chest pain, shortness of breath

or dysrhythmias [27]. However, elderly patients frequently

show a slower and more complicated recovery after cardiac

surgery [12, 13]. In this study, we found that a relevant

proportion of patients aged 65 years or more (69%, see

participant flow) were classified as frail at the end of post-

acute rehabilitation, based on an SPPB score equal or lower

than 9. Unluckily, data on preoperative SPPB score were

not available, so that we were not able to ascertain either

the possible preexisting frailty status or the amount of

frailty, if any, that was attributable to the operation.

However, it could reasonably be hypothesized that in our

elderly patients a certain amount of frailty might have

resulted from the operation [28]. This might explain why

the improvement in SPPB score was higher in this study

than in the LIFE-P study [11], in which participants

reporting recent major surgery were temporarily excluded.

Interestingly, ancillary analyses showed that in the

subgroup with baseline SPPB score 4–6 the proportion of

participants who improved their SPPB score of at least 1

point was not significantly different in intervention and

control groups. Although this subgroup was quite small,

and hence sample size may well have been underpowered,

it might also be hypothesized that participants with SPPB

score 4–6 were so functionally impaired that they benefited

from any form of physical activity, independent of the type

of exercises. Finally, in the intervention group, the pro-

portion of participants who showed a follow-up SPPB

score higher than 9, i.e. the proportion of participants who

were no more classified as frail after 1 year, was signifi-

cantly higher.

In conclusion, our data show that a structured physical

activity intervention that includes, along with aerobic

training, also specific exercises for strength, flexibility,

balance and coordination significantly improves the SPPB

score in nondisabled elderly patients who have undergone

elective cardiac surgery and who are classified as frail at

the end of rehabilitation. Although we investigated a small

portion of frail older persons, our findings are relevant

because the number of older persons presenting for cardiac

surgery is constantly increasing [16]. According to current

guidelines on cardiac rehabilitation, these patients at the

end of the rehabilitation are given a physical exercise

prescription mainly consisting of aerobic exercise for the

secondary or tertiary prevention of cardiovascular diseases

[14]. The findings of this study suggest that specific exer-

cises for strength, flexibility, balance and coordination may

be successfully integrated into the usual post-rehabilitation

exercise prescription to counteract, or at least to slow

down, the decline in physical function in frail elderly

patients.
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