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Abstract Objective: To explore the effectiveness of (active) lifestyle interventions for the
health of people with a lower limb amputation in order to offer effective interventions during
rehabilitation that may improve physical and psychosocial functioning of people with lower limb
amputation.
Data Sources: PubMed, CINAHL and Embase were searched from inception to February 2021.
Study Selection: Inclusion criteria were (1) (quasi-)randomized controlled trial; (2) minimum of
10 participants with a lower limb amputation; (3) lifestyle intervention focusing on physical
activity, smoking habits, alcohol use, nutrition, and/or stress management; (4) focus on health
outcomes; (5) participants older than 18 years; (6) studies in Dutch, German, or English; and (7)
primary research. Title, abstract, and full-text screening and quality assessment were per-
formed by 2 independent assessors.
Data Extraction: Of 2460 studies identified, 13 studies were included in this review. Two studies
were of moderate methodological quality, 2 studies were of medium quality, and 9 studies were
of poor quality.
Data Synthesis: Lifestyle interventions in the included studies focused on physical activity and
stress management. These interventions seemed effective for improving physical fitness, walk-
ing capacity, changes in body mass, quality of life, and intensity of physical activity.
Conclusion: Lifestyle interventions focusing on physical activity and stress management seem
effective for improving physical and psychosocial functioning of people with a lower limb ampu-
tation. However, the findings should be interpreted with caution given the limited methodologi-
cal quality of the included studies. Future research should evaluate the effectiveness of
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interventions on nutrition, smoking habits, and alcohol use and the effectiveness of combined
interventions in people with a lower limb amputation.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
A lower limb amputation (LLA) negatively affects physical
health (decreased physical capacity and increased pain),
psychosocial well-being, and quality of life.1 The main rea-
sons for performing an LLA in Western European countries
and the Unites States are peripheral arterial disease (PAD),
with a prevalence of 90%, and trauma, with a prevalence of
6%.2,3 People with an LLA due to PAD often have additional
underlying chronic diseases, such as diabetes mellitus (DM),
chronic obstructive pulmonary disease, or heart failure.
These underlying diseases must be taken into account when
considering the lifestyle of people with an LLA. In the last
decade, the number of people with an LLA in the population
aged 63 years and older decreased from 142.6 per 100,000
person-years from 2003-2004 to 89.2 per 100,000 person-
years from 2012-2013.4 This decrease is most likely caused
by improved medical care and lifestyle management for peo-
ple with DM and PAD, such as counseling on smoking habits,
innovations in pharmacotherapy,5 and improved knowledge
on glycemic control.6

‘Lifestyle’ is used as an umbrella term for the following
health behaviors: physical activity, smoking habits, alcohol
use, nutrition, and stress management. These behaviors are
discussed in more detail below. Throughout this study, a life-
style intervention is defined as an intervention that includes
either individual coaching or group session(s) aimed at
improving at least 1 of the health outcomes in domains of
the International Classification of Functioning (activity, par-
ticipation, and body functions and structure) through
(behavioral) strategies focused on physical activity, smoking
habits, alcohol use, nutrition, and stress management. This
definition was adapted from a definition by Lv et al.7 The
format of the sessions should be in-person (human coaching)
or remote by telephone or online (human coaching or auto-
mated coaching).
Physical activity

Participating regularly in physical activity and sports both
before and after an LLA enhances psychological well-being,
self-confidence, and coping behavior.8,9 People with a uni-
lateral transtibial amputation due to vascular reasons are
less physically active compared to able-bodied people.10

Eleven to 61% of people with an LLA participate regularly in
physical activities or sports, the latter being a specific sub-
set of physical activity.8 Swimming, fitness, cycling, fishing,
sailing, and golf are practiced most by people with an LLA.
Barriers to participating in physical activity or sports are
pain, lack of programs specially organized for people with
an LLA, embarrassment, and lack of knowledge of existing
sport facilities.8

A sedentary lifestyle before an LLA due to PAD is also
associated with decreased physical fitness afterwards. The
relatively long period of hospitalization and immobility that
can occur due to slow healing of the residual limb decreases
physical fitness.2,11 Physical fitness can be attained through
training, but vulnerability of the residual limb has to be
taken into account.12

Quality of life in people with an LLA is influenced by the
ability to walk with a prosthesis, which likely results from
the fact that walking facilitates the ability to live indepen-
dently and improves participation in social activities.13 A
healthy and active lifestyle, including physical and lifestyle
interventions, may positively affect the ability to walk (ie,
walking speed, walking time during the day, and distance
walked) in people with an LLA and, consequently, improve
the ability to participate in physical activity, which results in
enhanced quality of life.10 Walking ability is influenced by
level of amputation, comorbidity, psychological motivation,
living situation, and social functioning.13 In people with an
LLA, the energy cost of walking has changed. Walking with a
prosthesis requires more oxygen consumption compared
with able-bodied walking.14 Furthermore, oxygen consump-
tion increases with a more proximal amputation level and
when walking speed increases. Increased energy consump-
tion is caused by inefficiency of prosthetic walking.14-19 The
higher energy cost of walking in people with an LLA may neg-
atively affect their physical activity behavior.

In nondisabled populations and people with other mobil-
ity disabilities, physical activity interventions were found to
be effective for increasing physical activity behavior and
health outcomes.8,9,20 The research agenda for physical
activity in people with mobility disabilities stresses the need
for further research on the effectiveness of physical activity
and combined lifestyle interventions. Recently, the first
global physical activity and sedentary behavior guidelines
for people living with disabilities were published, stressing
the importance of physical activity in this population.21,22
Smoking

Smoking increases the risk of PAD. In smokers with PAD, the
amputation rate was found to be 2 to 3 times higher com-
pared with that for nonsmokers with PAD.23-25 Also, smokers
have a 3 times higher risk of re-amputation than non-
smokers.23 Smoking cessation has received increasing atten-
tion in primary as well as secondary and tertiary health
care. Rehabilitation centers, for instance, often offer inter-
ventions for smoking cessation.
Alcohol

Excessive consumption of alcohol, defined as more than 2
alcoholic drinks per day, is associated with a 1.3 times higher
risk of re-amputation in alcohol users compared with non-
alcohol users.26 Furthermore, people who used alcohol
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within 3 months after amputation were more than twice as
likely to be diagnosed with an overuse musculoskeletal
injury in lower and upper limbs and with lower back pain 4
to 12 months after amputation.27
Nutrition

People with an LLA have a higher risk of obesity and develop-
ment of obesity-related comorbidities, such as DM or cardio-
vascular disease. According to the Health Survey for England
2011, 29.5% of all people with an LLA are obese and 54.4%
are overweight, compared with 24%-26% and 33%-41% of
able-bodied people, respectively.28 The higher number of
overweight people can be attributed to insufficient physical
activity or inadequate nutrition. Unhealthy dietary habits,
mainly in terms of fat, sugar, and salt intake, are not
unknown to many people with an LLA.29 Furthermore, the
level of amputation influences weight gain. Two years after
amputation, people with a more proximal amputation had
an 8%-9% weight gain on average, whereas people with a
more distal amputation had a 3%-6% weight gain.30
Stress management

An LLA may lead to psychosocial challenges, such as negative
effects on self-confidence and body image. Likely causes for
these effects are changes in employment status and a
decrease in physical functioning. These stressors challenge
the ability of people to maintain their emotional well-
being.31 Shortly after amputation, well-being is negatively
associated with greater posttrauma anxiety and psychological
distress, whereas in the long term, rehabilitation results in
better adaptation to limitations.31,32 Length of time after
amputation greatly affects how people with an LLA cope with
their situation. A longer period of time after amputation is
associated with less posttrauma anxiety and psychological
distress. For people with an LLA and their loved ones, training
in coping with psychosocial changes after an LLA is important.
Improved coping strategies are associated with higher levels
of physical and psychosocial functioning.31 Stress manage-
ment therapies, including holistic approaches, pastoral care,
and mindfulness, may reduce psychological distress and
improve acute and long-term recovery after an LLA.33

In conclusion, lifestyle habits have a considerable impact on
the health and well-being of people with an LLA. Healthy life-
style habits are associated with a lower risk of primary LLA
(primary prevention).5 Moreover, maintaining a healthy life-
style decreases the risk of medical complications and re-ampu-
tation after LLA (secondary prevention)23 and is associated
with higher quality of life (tertiary prevention).13 Therefore, it
is important to offer effective interventions aimed at optimiz-
ing the lifestyle of this population. Different interventions for
(among others) people with an LLA are offered not only in wel-
fare programs and primary health care but also in secondary
and tertiary health care (eg, hospitals and rehabilitation cen-
ters). Numerous examples exist of interventions that target 1
(ie, smoking cessation coaching in hospital care) or multiple
lifestyle factors (ie, combined lifestyle programs during reha-
bilitation). Though the effectiveness of these programs is sum-
marized in reviews for other populations, to the best of our
knowledge there is no systematic overview of the effectiveness
of lifestyle interventions in people with an LLA. This systematic
review therefore aims to explore the effectiveness of lifestyle
interventions on health, well-being, participation, and func-
tioning of people with an LLA. In addition, this review provides
evidence-based support for health care providers to coach
people with an LLA in achieving or maintaining an optimal life-
style, thereby optimizing health outcomes and quality of life.
Methods

Search strategy

PubMed, CINAHL, and Embase were searched from incep-
tion. MeSH terms (if supported by the database) and free-
text words were combined into a search string using Boolean
operators (OR/AND). Search terms used were amputation,
lifestyle, physical activity, smoking, alcohol, nutrition, diet,
food intake, stress management, and relaxation. The com-
plete search strategies are shown in Appendix 1. The search
was performed on March 3, 2020. A search update using the
same search strategy was performed on February 14, 2021.

Study selection

Combined title and abstract screening was performed after
removing duplicates. The following inclusion criteria were
applied: (1) randomized controlled trial (RCT) and quasi-
RCT (a trial in which participants are divided into different
groups using a method of allocation that is [not truly] ran-
dom); (2) men and women ≥18 years with an LLA; (3) num-
ber of participants ≥10; (4) lifestyle intervention focused on
physical activity, smoking habits, alcohol use, nutrition,
and/or stress management; (5) all health-based outcomes
were in the domains of the International Classification of
Functions scale; (6) studies were in Dutch, German, or
English; and (7) primary research.

During the full-text screening, the inclusion criteria from
title and abstract screening were extended by adding the
following inclusion criteria: (1) description of the protocol
was available; (2) outcome parameters were defined; and
(3) the study was published as a full paper

The methods for inclusion and analysis were specified and
documented in a protocol (PROSPERO: CRD42020175392).

Title, abstract, and full-text screening and quality assess-
ment of the included articles were performed independently
by 2 assessors (A.H.V. and S.v.H.). In case of disagreement
among assessors, a consensus meeting was held and, when
necessary, a third independent assessor was consulted (R.D.).
It was unclear whether or not some of the physical activity
interventions retrieved by the search included a behavioral
component. To be as complete as possible, we decided to
include these interventions in this review and subdivide physi-
cal activity interventions into physical training interventions
and behavioral interventions targeting physical activity.

Data extraction

Data were extracted for number of participants, content of
the intervention and control group, duration of the
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intervention, causes for amputation, time after amputation,
level of amputation, uni- or bilateral amputation, age, sex,
lifestyle of participants before or after the amputation, and
health outcomes.
Quality assessment

Included articles were screened for potential bias, applying
the Cochrane tool for assessing risk of bias in randomized tri-
als (RoB 2 tool).34,35 This tool classifies the quality of the fol-
lowing domains: study design, risk of bias, inconsistency,
indirectness, imprecision, and publication bias.
Results

Study selection

In total, 2460 studies were retrieved by the search strategy.
After removing duplicates, 1701 studies remained for title
and abstract screening, of which 1660 studies were
excluded. Of the 41 studies selected for the full-text screen-
ing, 28 were excluded because they did not meet the
Fig 1 Flowchart
inclusion criteria. Main reasons for exclusion were not being
primary research, not meeting language restrictions, or not
being a (quasi-)RCT. Cohen’s kappa for title/abstract screen-
ing was 0.95 (0.80 for the search update) and it was 0.87 for
full-text screening (0.68 for the search update), which is
considered (very) good. A total of 13 studies were included
in this systematic review (figure 1).
Study characteristics

Tables 1 and 2 describe the characteristics of the studies
included in this systematic review. Three quasi RCTs, 1 cross-
over RCT, and 9 RCTs were included. Included studies were
performed in North America (n=5), Asia (n=4), Europe (n=3),
and Africa (n=1). Sample sizes ranged from 14 to 154, and
people with all different amputation levels (toe to transfe-
moral) and of different etiologies were included (table 1).
Of the 13 included studies, 11 focused on interventions to
stimulate physical activity. One of the 11 studies also
focused on managing body weight. Two of the 13 studies
focused on stress management. No research was found on
the effects of lifestyle interventions regarding nutrition,
smoking habits, and alcohol use in people with an LLA.
of data search.



Table 1 Study characteristics and characteristics of the study populations of the included studies

Study Study
Design

Country Setting Sample Size (Sex)* Age Cause of
Amputation

Level of
Amputation

Time After Amputation

Chin et al36 Quasi RCT Japan Hospital I: n=14 (unknown)
C: n=10 (unknown)

I: 39.8§12.4 y
C: 41.2§18.4 y

Trauma 24 ULTF Unknown

Nolan37 Quasi RCT Sweden Rehabilitation
center

I: n=8 (6)
C: n=8 (5)

I: 41.1§8.4 y
C: 49.0§9.1 y

Trauma, tumor, and
congenital

I: 4 TT, 3 TF, and 1
BL (1 limb TT, 1
TF)

C: 3 TT, 5 TF

1.0-34 y

Imam et al38 RCT Canada Rehabilitation
center/home

I: n=14 (12)
C: n=14 (6)

I: mean 61.5 y
C: mean 62.5 y

PAD (12), trauma
(15), and cancer (1)

I: 8 ULTTand 6 TF
C: 7 ULTTand 7 TF

>1 y

Rau et al39 RCT Myanmar Rehabilitation
center

I: n=29 (unknown)
C: n=29 (unknown)

I: 36.39§10.90 y
C: 35.24§7.99 y

Trauma and cancer I: 21 TTand 8 TF
C: 22 TTand 7 TF

I: 11.34§8.13 y
C: 9.66§5.76 y

Schafer et al40 RCT United
Kingdom

University/home I: n=7 (4)
C: n=8 (7)

I: 60§12 y
C: 65§16 y

PAD, trauma, cancer,
infection
(osteomyelitis)

I: 2 TTand 5 TF
C: 3 TTand 5 TF

0.3-49 y

Schafer et al41 RCT United
Kingdom

University/home I: n=7 (4)
C: n=7 (0)

I: 60§12 y
C: 63§17 y

PAD (5), trauma (4),
other (5)

I: 2 TTand 5 TF
C: 2 TTand 5 TF

I: 10§17 y
C: 18§21 y

Abbas et al42 RCT Lebanon Rehabilitation
center/
university/Red
Cross training
center

I: n=16 (15)
C: n=16 (14)

I: 27.625§7.6 y
C: 27.625§4 y

Trauma I: 13 TTand 3 TF
C: 13 TTand 3 TF

Unknown

Littman et al43 RCT United
States

Home I: n=7 (6)
C: n=8 (5)

I: mean 56 y
C: mean 57 y

Trauma, infection,
and cancer

I: 1 toe and 6 TT
C: 1 toe, 1 TF, and
6 TT

>1 y

Christiansen et al44 RCT United
States

Hospital/home I: n=19 (16)
C: n=19 (19)

I: mean 62 y
C: mean 65 y

DM and/or PAD ULTT <6 mo

Christiansen et al45 RCT
(crossover)

United
States

Home Group 1: n=16 (16)
Group 2: n=15 (15)

Group 1: 67.9§6.2
Group 2 C: 63.4§8.9 y

PAD and/or DM I: 14 TT (88%)
C: 12 TT (80%)

Group 1: 36.5§40.8 mo
Group 2: 36.2§16 mo

Godlwana et al46 RCT South
Africa

Hospital/home I: n=77 (49)
C: n=77 (51)

I: 58.6§9.9 y
C: 57.8§9.7 y

PAD and/or DM I: 17 TF and 60 TT
C: 33 TF and 44
TT

3 mo

Imeni et al47 RCT Iran Hospital I: n=28 (23)
C: n=26 (18)

I: 56.2§7.7 y
C: 56.6§8.6 y

DM I: 1 TF and 12 TT
C: 2 TF and 12 TT

3-36 mo

Delehanty and
Trachsel48

Quasi RCT Canada Rehabilitation
center

I: n=20 (19)
C: n=21 (20)

I: 58.8§13.0 y
C: 64.0§14.5 y

PAD (26), DM (11),
and trauma (4)

I: 10 TF, 11 TTwith
5 BL

C: 8 TF, 12 TTwith
4 BL

>8 mo after discharge

NOTES. *n (# male).
Abbreviations: BL, bilateral; C, control group; I, intervention group; KD, knee disarticulation; TF, transfemoral; TT, transtibial; UL, unilateral.

Lifestyle
interventions

after
am
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Table 2 Description of intervention components and their effectiveness

Study Intervention Control Group Frequency Outcome Measures Conclusion

Physical training intervention
Chin et al36 Endurance training with the

intact leg. Exercise at a
heart rate corresponding
to AT point

Ordinary prosthetic
walking training

30 min/d, 3-5 d/wk
for 6 wk

AT: 36.5% increase in intervention group (before
11.9§2.1; after 18.6§5.8; P<.05). Intervention
more effective than control (P<.05)
VO2max: 26.0% increase in intervention group.
Intervention more effective than control (P<.05)

Endurance training is more effective
for improving physical fitness (AT,
VO2max) compared with ordinary
prosthetic walking training.

Nolan37 Hip strength training
program: warming up,
balance and coordination
exercises, hip
strengthening exercises,
and a cooling-down after
each session

Same amount of exercise
as usual for the past 3
mo

30-40 min/d, 2 d/wk
for 10 wk

Body mass: significantly reduced body mass in the
intervention group after training but not in the
control group. However, there was no significant
difference in body mass between the two groups
after training
Strength: increased hip strength in the
intervention group, whereas decreased intact limb
hip extensor strength in the control group
Oxygen consumption: decreased oxygen
consumption in the intervention group; no
difference in the control group

Hip strength training is effective for
reducing body mass and improving
physical fitness and hip strength.

Imam et al38 Wii Fit: balance and strength
training

Training using cognitive
games (Wii Big Brain
Academy Degree)

40 min/d, 3 d/wk for
4 wk

The intervention group showed improvement in
walking measures at the end of treatment and at
3-wk retention compared with the control group
2MWT: before: 141.1§44.0 m, after: 146.3§44.5
m (ES=0.5), at 3-wk retention: 148.5§47.4
(ES=0.6)
Walking behavior: before: 2208§1045 steps/d,
after: 2676.7§1246.7 steps/d (ES=0.2), at 3-wk
retention: 2261§1194.4 steps/d (ES=0.6)
WWT: before: 16.2§5.5 s; after: 15.2§4.8 s
(ES=0.7), at 3-wk retention: 15.8§5.1 s (ES=0.5).

Wii Fit training is effective for
improving walking capacity and
walking behavior.

Rau et al39 Short intensive
physiotherapy program:
lower limb strengthening
exercises, weight bearing,
coordination tasks,
corrected walking,
obstacle management, and
functional training

Usual care: walking
under supervision

3- to 5-d program, 1
h/d (3 d for
transtibial
amputees and 5- to
7-d program)

2MWT: increase in intervention group of 20.15§
17.12 m and 8.93§19.52 m in the control group.
Intervention more effective than control, P=.024
Walking speed: improvement in the control group
3.94§10.15 m/min, P=.016

A short and intensive physiotherapy
program is effective for improving
functional performance.

Schafer et al40 Personalized exercise
program: focusing on
strength, balance,
flexibility, and walking

No intervention 2-4 times per wk, 12
wk

Falls: decrease in intervention group, during 12-mo
follow-up period (before: 6.1§7.4; after: 0.1§0.4;
P=.020). Intervention more effective than control,
P=.015
Gait speed: increase in intervention group
(before: 0.21 m/s; after: 0.98 m/s; P<.001).
Intervention more effective than control, P=.002

A personalized exercise program is
effective for improving walking
performance and reducing the
number of falls.

(continued)
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Table 2 (Continued)

Study Intervention Control Group Frequency Outcome Measures Conclusion

Schafer et al41 Personalized exercise
program: focusing on
strength, balance,
flexibility, and walking

No intervention,
maintaining normal
activities of daily living

2/wk supervised
group exercise
sessions (circuit
style)+1-2/wk
personalized
exercise at home

Sensory ratios (Sensory Organization Test): no
significant differences between intervention and
control group (P>.005)
Limb asymmetry (motor control test):
intervention group showed less asymmetry during
medium (P=.029) and large (P=.048) forward
perturbations
Balance confidence (ABC questionnaire): no
significant differences between intervention and
control groups (P>.005)

A personalized exercise program is
effective for improving postural
control.

Abbas et al42 Traditional rehabilitation
program+VR training

Traditional rehabilitation
program

Traditional
rehabilitation
program 20 min/
session+VR training
3/wk, for 6 wk

Balance: DGI: increase in intervention group
(before: 17.81§1.72; after: 22.75§0.93;
P=.0004). Intervention more effective than
control, P=.0001. BBS: increase in intervention
group (before: 43.19§3.67; after: 51.38§3.10;
P=.0002). Intervention more effective than
control, P=.035
6MWT: increase in intervention group (before:
166.19§108.24 m; after: 262.63§110.92 m;
P=.091). No significant difference between the
groups

VR training is an effective and safe
intervention for improving balance
and gait.

Physical activity behavior interventions
Littman et al43 Telephone-delivered

physical activity and
weight management
(MOVE-LEAP)

Same materials as the
intervention group.
However, no coaching
calls or home visits

11 10- to 20-min
phone calls for 20
wk

Anthropometrics:Weight: Intervention group
(before: 107.3§16.2 kg; after: 104.0§18.1 kg) lost
more weight compared with control group (P=.05).
Waist circumference: Intervention group (before:
121.0§14.2 cm; after: 117.7§15.5 cm) decreased
more compared with control group (P=.03). Fat
mass: Intervention group (before: 35.1§12.8 kg;
after: 33.1§12.8 kg) decreased more compared
with control group (P=.02). Lean mass:
Intervention group (before: 69.8§8.8 kg; after:
67.6§9.6 kg) decreased more compared with
control group (P=.02)
Physical functioning: Change in 6MWT (P=.18) and
Get Up and Go test (P=.23) did not differ between
intervention group and control group

The home-based intervention with
coaching may be effective for
improving body composition but is
not yet effective for improving
physical functioning.

Christiansen et al44 Telephone sessions focusing
on health behavior change
targeting physical activity

Attention control group
sessions focusing on
health status
monitoring

Weekly 30-min
telephone sessions
for 12 wk

Physical function: 2MWT: increase in intervention
group (before: 86.9 m; after 24 wk: 99.8 m;
P=.02). Gait speed: increase in intervention group
(before: 0.78 m/s; after 12 wk: 0.96 m/s; P<.001;
after 24 wk: 0.97 m/s; P<.001). Improvement in

The behavior change intervention is
just as effective as attention
control group sessions focusing on
health status monitoring to
improve walking capacity, but it is

(continued)
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Table 2 (Continued)

Study Intervention Control Group Frequency Outcome Measures Conclusion

physical functioning did not differ between the
control and intervention groups (P>.05)
Walking activity: Daily step count: increase in
intervention group (before: 1305 steps; after 12
wk: 2439 steps; P<.001; after 24 wk: 2294 steps;
P=.002). Intervention group had greater
improvement in daily steps compared with control
group (P=.03). Time in activity: 4.8% decrease in
sedentary activity, 4.2% increase in light-intensity
activity, and 0.6% increase in moderate- or
vigorous-intensity activity in intervention group.
Intervention group showed a greater decrease in
sedentary time compared with control group
(P=.04)

more effective for improving
walking activity.

Christiansen et al45 Telephone sessions focusing
on health behavior change
targeting physical activity
in weeks 1-12 and no
intervention in weeks 13-
24

Attention control group
sessions focusing on
health status
monitoring in weeks 1-
12 and telephone
sessions focusing on
health behavior change
targeting physical
activity in week 13-24

Weekly 30-min
telephone sessions
for 12 wk

Free-living physical activity: Daily step count:
ES=�0.15
Participation: LLFDI-DS: ES=�0.22 (Frequency
Scale) and 0.17 (Limitations Scale)
Physical functioning: TUG: ES=�0.10; gait speed:
ES=�0.05; 2MWT: ES=�0.15; PEQ-MS: ES=�0.05
Self-efficacy: FES-I: ES=�0.10; SEE: ES=0.05; ESC:
ES=0.39
Social support: MSPSS: ES=0.17 Change in all
outcomes did not differ between the control and
intervention groups (P>.05).

The biobehavioral intervention was
feasible but did not result in
greater improvement of outcomes
compared with the control group.

Godlwana et al46 Home-based exercise
(strengthening exercises
and balance re-education)
and education program
+usual treatment

Usual treatment
including early bed
exercises to prevent
edema and deformity
of the stump; maintain
general strength and
joint mobility; and
enable ambulation
with crutches in the
hospital wards

Daily exercises for 3
mo

Functional participation: Barthel index: no
differences between intervention and control
groups at 3 mo (P=.097) and 6 mo (P=.715).
Participation Scale: fewer participation
restrictions in intervention group at 3 mo (P=.011);
no difference at 6 mo (P=.088)
Quality of life: Euroqual5D VAS: intervention
group superior at 3 mo (P=.045) and 6 mo (P=.033)
Euroqual5D Utility Index: intervention group
superior at 3 mo (P=.025); no difference at 6 mo
(P=.318)
Mobility (TUG): no differences between
intervention and control groups at 3 (P=.192) and 6
mo (P=.189)
Activity limitations (Modified Locomotor
Capability Index): intervention group less limited
at 3 mo (P=.034); no difference at 6 mo (P=.722)

Home-based exercise and education
program is effective for improving
functioning, mobility, and quality
of life after 3 mo. Most
intervention effects were not
sustained 6 mopostintervention.

(continued)
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Table 2 (Continued)

Study Intervention Control Group Frequency Outcome Measures Conclusion

Stress management intervention
Imeni et al47 Meditation: training in

relaxing the muscles and
deep breathing and
inhaling and exhaling
techniques

Training courses on
diabetes care

15 min/d for 4 wk Body image: Intervention group significantly
improved (before: 56.60§14.90; after: 44.40§
11.50; P<.001). Control group did not improve
(before: 55.30§10.30; after: 53.70§8.20; P=.080)

Meditation is effective for improving
individuals’ body image and their
mental condition.

Delehanty and Trachsel48 New amputee program: (a)
providing information
about the disease, (b)
anticipating and
normalizing stressors, and
(c) building coping
strategies

Amputee program prior
to initiation of the
group intervention

3 2-h group sessions
over a period of 3
wk

Activity levels: Intervention group had significantly
more holidays (2.48§1.08) compared with control
group (1.75§1.06; P<.05). Other subscales did not
differ between groups
Distress levels: Intervention group had
significantly less anxiety (49.00§11.32 vs 57.47§
13.08), phobic anxiety (55.00§10.69 vs 63.00§
11.32), and paranoid ideation (43.75§11.00 vs
52.68§9.99) compared with control group.
Intervention group scored significantly lower on
the general severity index (53.65§15.00)
compared with control group (62.68 §11.90). All
Ps<.05.

Short-term group intervention is
effective for reducing distress
levels.

Abbreviations: 2MWT, 2-minute walk test; 6MWT, 6-Minute Walk Test; ABC, Activities-specific Balance Confidence-UK self-report questionnaire; AT, anaerobic threshold; BBS, Berg Balance
Scale; DGI, Dynamic Gait Index; ES, effect size; ESC, Exercise Stages of Change Scale; FES-I, Falls Efficacy Scale−International; LLFDI-DS, Late Life Function and Disability Instrument−Disabil-
ity Scale; MSPSS, Multidimensional Scale of Perceived Social Support; SEE, Self-Efficacy for Exercise; TUG, Timed Up and Go; VAS, visual analog scale; VO2max, maximum oxygen consumption;
VR, virtual reality; WWT, walking while talking test.
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Methodological quality

Risk of bias was classified as “low risk in 2 of the included
studies, “some concerns” in 2 of the included studies, and
“high risk” in 9 of the included studies. An overview of risk of
bias for each of the included studies is provided in figure 2.
Physical activity interventions
Physical training interventions
One study evaluated the effect of endurance training of the
intact leg on physical fitness. After endurance training of the
intact leg, physical fitness (anaerobic threshold and maximal
oxygen consumption, VO2max) increased significantly in a
Fig 2 Cochrane tool for assessing risk of
group of younger people with a unilateral transfemoral ampu-
tation due to trauma, whereas physical fitness in the control
group did not change.36 Another study indicated that hip
strength training was effective for improving physical fitness
(decreased oxygen consumption) and muscle strength of the
intact limb hip extensor and decreasing body mass in a small
group of younger people with a nonvascular LLA.37

In addition, there are indications that Wii Fit training is
effective for improving walking behavior (number of steps)
and walking capacity (2-minute walk test) in older people
with an LLA.38 A short intensive physiotherapy program, con-
sisting of daily 1-hour sessions for 5-7 days, was found to be
effective for improving walking capacity (2-minute walk
test) in a group of younger people with a nonvascular LLA.39

A 12-week personalized exercise program was found to
bias in randomized trials (RoB 2 tool).
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improve gait speed significantly from 0.21 to 0.98 m/s in a
small group of older people with an LLA.40 In another study,
a similar 12-week personalized exercise program was found
to be effective for improving postural control in a small
group of older people with an LLA.41 Last, adding virtual
reality (VR) training to a traditional exercise program can
potentially contribute to improve balance and gait in a
group of younger people with amputation caused by
trauma.42

Behavioral interventions targeting physical activity
A program that combined telephone-delivered coaching for
physical activity behavior and weight management resulted
in numeric but not statistically significant improvements in
physical functioning and decreased body mass in a small
group of older people with mostly transtibial nonvascular
LAA.43 Multiple different physical activity behavioral inter-
ventions had a positive effect on walking capacity. Walking
capacity was measured by multiple parameters, such as gait
speed, distance walked during the 2-minute walk test, and
steps per day. First, weekly telephone sessions focusing on
stimulating an active lifestyle were found to be effective for
improving gait speed, distance walked in 2 minutes, and
steps per day (figure 2). Furthermore, these telephone ses-
sions resulted in significantly decreased sedentary time
(4.8%), increased light-intensity activity (4.2%), and moder-
ate-to-vigorous-intensity activity (0.6%) in a group of older
people with an LLA due to PAD or DM.44 However, a similar
study that included telephone coaching was found to not be
effective for improving physical activity behavioral change
and participation in a group of older veterans with nontrau-
matic amputation.45 Last, a combined program consisting of
home-based exercise and education on physical activity was
found to be effective for improving quality of life and in
stimulating people to perform daily activities in a large
group of older people with an LLA due to PAD or DM.46
Stress management interventions

Meditation sessions focusing on muscle relaxation resulted in
significantly lower levels of body disturbance and improved
body image and mental condition in a group of older people
with mostly transtibial LLAs caused by DM.47 Moreover, a
short group intervention was found to be effective for
decreasing distress levels in a group of older people with an
LLA due to PAD or DM. This intervention focused on providing
information about the disease (PAD/DM) and on anticipating
and normalizing future stressors and on providing coping
strategies to deal with the participants’ situation.48
Discussion

This systematic review explored the effectiveness of life-
style interventions aimed at improving the health of people
with an LLA. Lifestyle interventions that focused on physical
activity, smoking habits, alcohol use, nutrition, and stress
management were studied. A total of 13 studies were
included. Lifestyle interventions targeting physical activity
and stress management could be of importance for improv-
ing health, well-being, quality of life, and functioning of
people with an LLA. No (quasi-)RCTs were found that evalu-
ated the effectiveness of interventions regarding smoking
habits, alcohol use, and nutrition in people with an LLA.

Nine of the 13 included studies had a high risk of bias
(figure 2), mainly because the randomization process was
not truly random. This is partly due to the inclusion of quasi-
RCTs. In addition, in most studies, deviations from intended
interventions occurred as a result of either nonadherence to
the assigned intervention or inadequate description of non-
protocol interventions. Given this high risk of bias, results of
the included studies should be interpreted with caution.

Based on the results of the included studies, it can be
concluded that physical fitness of people with an LLA can be
improved with 1-legged endurance training of the intact
leg.36 It is important to train people to walk with a prosthesis
during rehabilitation after an LLA because being able to walk
increases independence and results in improved quality of
life.46 Walking ability can be trained by home-based exer-
cises with a focus on strengthening exercises and balance
re-education43 and hip strength training of the intact and
the residual leg.37 It could be recommended that people
with an LLA perform strength training on a regular basis in
order to avoid losing limb strength, because limb strength
was found to be reduced in people with an LLA who did not
follow a strength training program.37 Besides the ability to
walk, balance is an important determinant of walking ability
and independence. Adding VR training to a traditional exer-
cise program was found to be effective for training balance
in young people with an LLA due to trauma and could there-
fore be recommended.42

Different interventions were found to be effective for
improving walking capacity. Telephone sessions on changes
in health behavior that included goal setting on exercises at
home, walking activity, and disease self-management were
effective for increasing gait speed, walking capacity, and
daily walking behavior.44 However, such a program was not
effective for older veterans; they did not experience an
increase in physical activity or changes in participation.45

Wii Fit training focusing on balance and strength may con-
tribute to improved daily walking behavior.38 The partici-
pants in the Wii Fit study had different causes and levels of
amputation and were of various ages.

A short and intensive physiotherapy program of 7 days
maximum can be recommended to improve walking ability
and walking capacity in young persons with a transtibial or
transfemoral amputation due to trauma or cancer.39 Fur-
thermore, a personalized exercise program focusing on
strength, balance, flexibility, and walking can be recom-
mended to improve walking ability and reduce falls, result-
ing in fewer injuries and lower economic costs.40 Last, a
similar personalized exercise program was found to improve
postural control.41 Although the study populations in these
studies were small, they nevertheless included participants
of different ages and amputation levels and causes.

In general, the physical activity levels for persons with a
DM-related LLA remained stable shortly after discharge from
rehabilitation. Three and 9 months after discharge, how-
ever, the recommended guidelines of 6500 steps per day and
150 minutes of moderate-to-vigorous-intensity physical
activity per week were not followed.49 Increasing the level
and intensity of physical activity may be the key to improve
walking capacity in this population.50
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In 2 studies, some evidence was found for the contribu-
tion of lifestyle interventions to weight loss in people with
an LLA. First, hip strength training had a positive effect on
reducing body mass in a group of younger people with an LLA
due to cancer, trauma, or congenital causes.37 Second, tele-
phone-delivered physical activity and body weight manage-
ment with goal setting focusing on diet, physical activity,
and self-monitoring may decrease body weight in persons
with LA due to nonvascular reasons. Both interventions could
be advised for overweight persons with an LLA.43 Earlier
cross-sectional research demonstrated the association
between body composition (body mass index, waist circum-
ference, and body fat percentage) and physical activity lev-
els in people with an LLA.51

The current review showed that stress management
interventions are also beneficial. A daily 15-minute medita-
tion program focusing on muscle relaxation for resulted in a
significantly improved body image and mental condition in
peoples with an LLA due to DM.47 Also, a short-term group
intervention that focused on understanding the consequen-
ces of the current and future situation and normalizing
stress reactions was found to lower distress levels in people
with an LLA due to vascular disease or trauma.48 Based on
these results, these types of stress management interven-
tions could be introduced in a rehabilitation program for
people with an LLA.

In conclusion, the findings of this review show that an
optimal lifestyle intervention program for people with an
LLA may include muscle strength and balance training, phys-
ical activity coaching with self-monitoring, and stress
management.41,46 Given the heterogeneity of the popula-
tion, also in terms of physical capacity, it is vital that the
intervention program be tailored to the needs of the individ-
ual person. Based on the findings of this review, it could be
recommended, also based on the general principles of exer-
cise prescription, as published by the American College of
Sports Medicine,52 that a rehabilitation program for patients
with an LLA include 2 to 3 sessions of strength and balance
training per week under supervision and with telephone
coaching. It seems effective to offer such a program 6
months to 1 year after the LLA. People with an LLA should
receive guidance on setting goals with a specific focus on
physical activity and self-monitoring. In addition, it is impor-
tant to add a component to the intervention that aims to
reduce stress levels. An education program on the conse-
quences of amputation, coping strategies, and meditation
may reduce stress levels.
Study limitations

A limitation of the current review is that only 13 studies
were eligible for inclusion. In addition, not all of the lifestyle
components were covered in these studies. Most studies
came from the field of physical activity. There is a lack of
data on interventions related to nutrition, smoking, alcohol
use, and stress management. One explanation could be that
these interventions are more difficult to implement and are
not always included in rehabilitation programs. Another
explanation could be that these interventions were not eval-
uated with (quasi-)RCTs, which can be expensive to run and
difficult to manage. Because the aim of this study was to
evaluate the effectiveness of lifestyle interventions, this
review included only (quasi-)RCTs because these are consid-
ered to be the strongest type of evidence. Therefore, poten-
tially effective interventions might have been missed in this
review if they were evaluated with different study designs;
for example, a non-controlled before-after design. There is
also a risk of publication bias because nonsignificant results
are difficult to publish.

In addition, not all included interventions in this review
focused on producing sustained, long-term behavioral
changes in people with an LLA, which should ideally be the
purpose of a lifestyle intervention. In many of the included
articles, only immediate and short-term changes in out-
comes were described, and the follow-up period was too
short to conclude whether these interventions resulted in
sustainable behavioral changes that were maintained after
conclusion of the intervention.
Recommendations for future research

More higher quality research is needed on the effectiveness
of physical activity and stress management interventions.
Also, the long-term effects of lifestyle interventions in peo-
ple with an LLA deserve more attention. Researchers and
clinicians should focus on the development and evaluation
of lifestyle interventions regarding nutrition, smoking hab-
its, and alcohol use. These lifestyle components increase
the risk of an amputation and influence medical complica-
tions, health outcomes, and, consequently, quality of life
after the amputation. Different lifestyle components can
also influence each other. High stress levels, for example,
can limit sleep quality, which may result in reduced motiva-
tion to become physically active. For this reason, it would
be useful to offer and evaluate interventions that combine
different lifestyle components into 1 intervention. To the
best of our knowledge, the effectiveness of such combined
lifestyle interventions has not yet been studied.
Conclusions

Lifestyle interventions focusing on physical activity and
stress management appear effective for improving physical
and psychosocial functioning of people with an LLA. How-
ever, findings should be interpreted with caution given the
limited methodological quality of the included studies. More
research is needed to evaluate the effectiveness of lifestyle
interventions regarding nutrition, smoking cessation, and
alcohol use in people with an LLA and the effectiveness of
combined interventions.
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