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ORIGINAL ARTICLE

Age and health-related quality of life, general self-efficacy, and functional level
12 months following dysvascular major lower limb amputation: a prospective
longitudinal study

Ulla Riis Madsena, Carina Baathb, Connie Boettcher Berthelsenc and Ami Hommeld

aDepartment of Orthopedic Surgery, Holbaek and Slagelse Hospital, Holbaek, Denmark; bFaculty of Health, Science and Technology, Karlstad
University, Karlstad, Sweden; cDepartment of Public Health - Department of Science in Nursing, Aarhus University, Aarhus, Denmark; dFaculty of
medicine, Lund University, Lund, Sweden

ABSTRACT
Aim: This study investigates the effect of time and age on health-related quality of life, general self-efficacy,
and functional level 12 months following dysvascular major lower limb amputation (LLA).
Methods: A prospective cohort study design with assessments at baseline and follow-up 3, 6, and
12 months post-amputation. Data were collected via in-person interviews using Short Form 36, the
General Self-efficacy scale and Barthel Index 100. Out of a consecutive sample of 103 patients having dys-
vascular major LLA (tibia, knee, or femoral), 38 patients completed the study. Outcome at follow-up was
compared with baseline and analyzed in age groups.
Results: All SF36 subscale scores were below population norms at baseline. At 12 months, two out of
eight scores—physical function and role-physical—had not improved. Different patterns of change over
the 12 months were detected among the subscales, and psychosocial problems persisted and fluctuated
throughout the 12 months in all age groups. Large differences were identified between age groups in
physical function with the loss of physical function almost solely evident among the oldest (aged 75þ
years) patients.
Conclusions: Special attention should be given to the oldest patients need for rehabilitation so that they
gain higher quality of life.

� IMPLICATIONS FOR REHABILITATION

� Psychosocial problems persist and fluctuate throughout the first 12 months after major LLAs in all
age groups and rehabilitation services should include psychosocial support throughout the first year
to all patients independent of age.

� Waiting for an unnecessarily long period of time for a prosthesis can negatively impact both physical
and psychosocial aspects of health-related QOL, and interventions to reduce waiting time
are warranted.

� Differences between age groups in functional level after 12 months exist, with the loss of function
almost solely evident among the oldest patients (aged 75þ years). A special focus should be given to
the oldest patients’ need of everyday rehabilitation to regain basic physical functions.
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Introduction

Vascular disease is the most common cause of major lower limb
amputations (LLAs) in the western world with dysvascularity (per-
ipheral artery disease, diabetes, and infection) being the underly-
ing cause of more than 90% of the cases [1–3]. Patients having
dysvascular LLA are characterized by high age (mean age
>70 years) and multi-comorbidity [1–2]. The incidence of this pro-
cedure is expected to rise in the coming years due to the rising
prevalence of Type 2 diabetes and an increasingly aging popula-
tion [4]. Mortality is high with recently reported rates being
22%–30% thirty days post amputation and 44%–54% after
one year [5,6]. Survival rate of 5 years is as low as 25% [5].
Following LLA, the focus of rehabilitation is to optimize function
with a special focus on walking [7]. Considering this, it is interest-
ing to note that the reported number of patients regaining indoor
walking ability varies from 25% to 97% [8–11]. These differences
could be explained by a difference in populations since the

majority of studies included selected populations of patients
referred for prosthesis rehabilitation which could mean that suc-
cess rates are probably lower in unselected populations. Short life
expectancy combined with the fact that regaining walking ability
on a prosthesis is not a realistic option for a considerable propor-
tion of patients after dysvascular LLA [7] makes it vital to target
rehabilitation and long-term care based on factors contributing to
quality of life for the individual.

Although there are differences in definitions, the concepts of
quality of life (QOL) and health-related quality of life (HRQOL) are
used interchangeably in the literature [12]. QOL is defined as “An
individual’s perception of their position in life in the context of
the culture and value systems in which they live and in relation to
their goals, expectations, standards and concerns” [13]. HRQOL is
defined as “the functional effect of a medical condition and/or its
consequent therapy upon a patient” [14]. HRQOL is thus the sub-
jective and multidimensional concept measured with self-reported

CONTACT Ulla Riis Madsen urm@regionsjaelland.dk Department of Orthopedic Surgery, Holbaek Hospital, Smedelundsgade 60, 4300 Holbaek, Denmark
� 2018 Informa UK Limited, trading as Taylor & Francis Group

DISABILITY AND REHABILITATION
https://doi.org/10.1080/09638288.2018.1480668

http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2018.1480668&domain=pdf
http://www.tandfonline.com


instruments and encompasses physical and occupational function,
psychological state, social interaction, and somatic sensation. The
only amputee-specific HRQOL measures available involve life with
prosthesis [15].

Lower HRQOL has been found in individuals after dysvascular
LLA when compared with LLA for other reasons such as trauma or
cancer [16] and when compared with age- and gender-matched
controls [17]. A recent systematic review of factors influencing
QOL among patients after dysvascular LLA identified walking with
a prosthesis as the most notable factor influencing QOL [18].
Other factors identified to influence HRQOL were age, gender,
level of amputation, comorbidities, and social support. All these
factors were described as influencing HRQOL indirectly through
the ability to walk with a prosthesis [18]. These findings could be
biased by the selected samples of individuals attending prosthesis
fitting who were included in the studies and factors influencing
HRQOL among those not attending prosthesis fitting is unknown.

It has been suggested that the association between walking
and HRQOL is due to the positive influence of walking abilities on
social interaction [19] and that even small amounts of walking can
result in greater HRQOL [20]. Further research, however, is needed
to confirm this. Another suggestion is to evaluate HRQOL and
functional outcome relative to the pre-morbidity levels to obtain a
more detailed understanding of what makes goals of rehabilita-
tion successful with each individual [20].

Having a LLA constitutes a major life-changing event [21] and
adapting to the new life situation is found to be highly correlated
with HRQOL [22]. The process of adaption to life after leg amputa-
tion involves, among other things, symptoms of perceived loss,
changes in body image, and social discomfort [23,24] and has
been found to be more strongly associated with decreased
HRQOL than physical health among older people [25]. The process
of adaption may be different in individuals who are older than
those who are younger. While both more, less and no difference
in psychological disturbance, have been reported among older
individuals when compared with younger individuals with LLA, it
has been hypothesized that older people with more life experien-
ces may have more ability to adapt psychologically in extreme
adverse circumstances [25]. On the other hand, ageism may limit
support for older patients and affect their ability to make success-
ful psychological adjustments. HRQOL has been reported to
change over time especially during the first 12 months post-
amputation [17,20]. To target rehabilitation and long-term care to
person-centered needs, longitudinal studies, which include older
patients, are needed to identify at what point which aspects of
HRQOL change.

In the literature on HRQOL after dysvascular LLA, one unex-
plored element that could extend the understanding of the psy-
chosocial consequences of amputation is measuring of self-
efficacy. Self-efficacy originates from cognitive theory and refers
to the extent to which an individual believes that she/he can per-
form in a specific situation [26]. Perceived self-efficacy is typically
evaluated using self-reported instruments which focus on either
one specific skill or more general instruments when a wider range
of activities, skills, and conditions are of interest. An example of
such a measure is the General Self-Efficacy (GSE) scale [27]. The
GSE has recently been shown to correlate to measures related to
daily activities, falls, functional disability, life satisfaction, and
depressive symptoms in persons with Parkinson’s disease.
Moreover, the GSE has been shown to be positively correlated to
the number of hours a day prostheses were used among a sample
of non-vascular amputees [28]. Given the relationship between
self-efficacy, motivation, and improved coping, it is likely that an

individual’s self-efficacy would affect their adaption and functional
outcome and thereby their HRQOL.

This study aims to investigate the effect of time and age on
HRQOL, GSE, and functional level 12 months following dysvascular
major LLA.

Methods

Design

A prospective cohort study design was used with assessments at
baseline and follow-up after 3, 6, and 12 months, respectively.
This study is reported in concordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement [29].

Sample and setting

Participants were recruited from a consecutive sample of patients
who had primary major LLA (amputation at tibia, knee, or femoral
level) due to complications of peripheral disease or diabetes in
the orthopedic wards of two rural hospitals in Denmark from April
2015 to April 2016. Excluded were patients with a diagnosis of
dementia documented in the record, severely deteriorated health
lasting�day 21, and patients who could not speak Danish as they
were assessed not eligible for interviews.

Data collection

At baseline, patients were approached for consent to participate
on days 3–6 post-amputation. Baseline assessments were per-
formed whenever possible thereafter (at the latest on day 21) via
in-person interviews and included measures of perceived HRQOL,
GSE, and functional level the month preceding the amputation.
HRQOL was measured using Short Form 36v2 (SF36) for interviews
[30]. SF36 is a multipurpose short-form health survey which
addresses eight domains that contribute to HRQOL: physical func-
tion, role-physical (how much physical problems is experienced to
limit participation in, e.g., usual activities), pain, general health,
vitality, social function, role-emotional (how much emotional prob-
lems is experienced to limit participation in, e.g., usual activities),
and mental health. Each domain scale ranges from 0 to 100 with
higher values representing better HRQOL. GSE was measured with
GSE scale [27]. GSE scale measures GSE for 10 items and each of
these items is rated on a four-point likert scale. Each item is for-
mulated as positive statements such as “Thanks to my resourceful-
ness, I can handle unforeseen situations.” Possible responses
include the following: (1) not at all true, (2) hardly true, (3) moder-
ately true, and (4) exactly true. Scores range from 10 to 40 and a
higher score equals better self-efficacy. Functional level was
assessed with Barthel Index 100 [31] (hereafter referred to as
Barthel). Barthel measures the level of assistance an individual
needs to perform 10 activities of daily living: personal hygiene,
bathing self, eating, toilet, dressing, bowel control, bladder con-
trol, ambulation or wheelchair (if no ambulation), chair/bed trans-
fers and stair climbing. Overall scores range from 0 to 100. Each
item is scored on a five-point likert scale (0–5, 0–10, 0–15, respect-
ively) where the highest score represents independence in the
activity. All baseline interviews started with the sentence: “In the
following questions, I am asking you about the month BEFORE
your amputation.”

Follow-up at 3, 6, and 12 months post-amputation was per-
formed in participants’ homes using the same battery of instru-
ments used at baseline (SF36, GSE, and Barthel). Additionally,
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participants were asked whether they had received a prosthesis.
The first author performed all interviews. Patients were encour-
aged to bring a relative to all occasions if preferred; an option
taken by a total of 10 patients. Medical records were reviewed for
clinical and demographic data on all patients having LLA during
the study period by a specially trained physiotherapist and the
first author. All data were documented directly into a trial soft-
ware (http://www.easytrial.net).

Statistical analysis

To compare participants with non-participants, proportions of
characteristics were calculated for “included vs excluded” and
“completed study vs dropped out or deceased.” Differences were
tested with the Chi square test of homogeneity or Fisher's exact
test for categorical variables and Mann–Whitney U-test for con-
tinuous variables.

To investigate changes in HRQOL, GSE, and functional level
over time, mean values were calculated from the eight SF36
domains, the GSE and the Barthel overall score, as well as for
each activity item individually: at baseline (1-month pre-amputa-
tion) and at 3, 6, and 12 months follow-up. A Wilcoxon signed
rank test was used to test mean difference between scores at
each follow-up with baseline scores.

To investigate whether HRQOL, GSE, and Barthel change in dif-
ferent patterns related to age, the sample was divided into three
age groups: younger (<65 years), older (65–74 years), and oldest
(75þ years). A Kruskal–Wallis H test was run to determine if there
were differences in the SF36 median subscale scores, the GSE and
the Barthel (overall and individual activities), respectively, from
baseline and through follow-up between the three age groups.
For statistically significant relations, pairwise comparisons were
performed using Dunn's (1964) procedure with a Bonferroni cor-
rection for multiple comparisons. Differences between age groups
regarding decline in functional level at 12 months were tested by
comparing differences in Barthel score (overall and individual
activities) at 12 months compared with baseline using a
Kruskal–Wallis H test.

Finally, multiple regression analysis was conducted to explore
the potential predictive value of age and GSE at baseline on each
of the outcome variables at 12 months (Barthel, SF36, and GSE)
when controlled for gender, ASA score, level of amputation, and
the outcome variable score at baseline.

Optum Smart Measurement System Scoring Solution was used
to score SF36. As recommended, SF36 norm-based scores were
used [32]. IBM SPSS Statistics for Windows, version 23.0 (IBM
Corp., Armonk, NY, USA) was used for the statistical analysis
described. Descriptive data were reported as number and percent-
age and mean ± standard deviation as appropriate. Level of sig-
nificance was set at a p value of <0.05 for all analyses.

Ethics

The study was conducted in accordance with the basic principles
for research given in the Helsinki Declaration and the Northern
Nurses’ Federation (2003). It was approved by the Danish Data
Protecting Agency (Region Sjaellands j.nr. 12–000179) and was
presented to the Regional Ethics Committee whose secretariat did
not find the project notifiable under Danish law (Region Sjaelland
j.nr. 12–000660).

Results

Out of the 103 patients who were eligible for inclusion, 58 partici-
pated at baseline (Figure 1). Of the 45 patients not participating,
27 were excluded because of dementia, deteriorated health or
confusion, nine were deceased before inclusion, three were identi-
fied too late to be included and six declined. Patients who partici-
pated were younger (69 vs 77 years, p< 0.001) (Table 1), more
likely to be male (74 vs 53%, p¼ 0.037) and to have had a trans-
tibial amputation (40 vs 7%, p< 0.001) than those not
participating.

In all, 38 patients completed the study. There were no statistic-
ally significant differences in characteristics or how the patients
reported their HRQOL (SF36), GSE, or functional level (Barthel)
among those who completed the study and those who dropped
out or were deceased (Table 1) except for how much emotional
problems was experienced to limit participation in, for example,
usual activities (SF36 subscale role-emotional). Patients who com-
pleted the study experienced less limitations because of emo-
tional problems at baseline than those who dropped out or were
deceased respectively (44.4 vs 41.3/33.5, p¼ 0.050).

In all, 28 out of the 38 patients who completed the study had
got a prosthesis at 12 months follow-up (74%) with a mean time
of 161 days (range: 34–313 days, ±79) from amputation to first
time they had a prosthesis to use at home (data not shown).

Changes in HRQOL, GSE, and functional level at 3, 6, and
12 months compared with baseline are presented in Table 2.
Patients reported their HRQOL below population norms in all
eight domains of SF36 at baseline (<47, Table 2), which means
that the patients’ HRQOL the month before amputation was ham-
pered in all domains. At 12 months, patients reported their
HRQOL below population norms in two domains, physical function
and experienced limitations because of physical function (role-
physical). Patients reported different aspects of HRQOL changed in
different patterns over the 12 months. The patients’ physical

Eligible for inclusion 

N=103

Baseline participants 

N=58

3 months follow up

N= 41

6 months follow up

N=41 

Non-participants: 

Excluded 30

Declined 6 

Deceased 9 

Dropped out 7 

Deceased 10

Completed study

12 months follow up

N=38 

Dropped out 1 

Deceased 2 

Figure 1. Flowchart inclusion and dropout.
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function decreased from baseline to 3 months, increased to base-
line level at 6 months, and then further increased at 12 months
ending at a level not statistically significantly higher than baseline
and still lower than population norm scores. A steady increase in
HRQOL was seen in four domains (role-physical, pain, general
health, and vitality) from baseline to 3, 6, and 12 months follow-
up, respectively. Social function increased from baseline to 3 and
6 months and then dropped at 12 months though the difference
from 6 to 12 months was not statistically significant (mean

difference: �1.3, SD: 13.0, p¼ 0.779). The mental health and limita-
tions caused by emotional problems (role-emotional) improved at
3 months, dropped at 6 months, and then increased again at
12 months. From 3 to 6 months, the mean difference was �1.4
(SD: 10.7, p¼ 0.257) for role-emotional and �2.1 (SD: 7.9,
p¼ 0.240) for mental health. From 3 to 12 months, the difference
was 1.9 (SD: 14.1, p¼ 0.460) for role-emotional and 1.6 (SD: 9.2,
p¼ 0.155) for mental health. Thus, the observed changes were not
statistically significant.

Table 1. Characteristics of participants vs non-participants, and patients who completed study, dropped out or deceased.

Baseline participants Non-participants p valuea Completed study Dropped out Deceased p valuea

Patients n¼ 58 n¼ 45 n¼ 38 n¼ 8 n¼12
Age, mean (SD) 69 (11) 77(10) 0.001� 67.8 (10.2) 73.5 (13.8) 70.8 (8.6) 0.222
Age, n (%)

<65 13 (22) 2 (4) 11 (29) 1 (13) 1 (8)
65–74 28 (48) 18 (40) 18 (47) 4 (50) 6 (50)
75þ years 17 (29) 25 (56) 0.006� 9(24) 3 (37) 5 (42) 0.191

Sex: male, n (%) 43 (74) 24 (53) 0.037� 28 (74) 6 (75) 9 (75) 0.913
Diabetes, n (%) 24 (41) 16 (36) 0.684 16 (42) 2 (25) 6 (50) 0.877
ASAb, n (%)

1–2 6 (11) 1 (2) 0.128 4 (11) 2 (25) 0
3 41 (73) 34 (76) 0.823 27 (73) 6 ( 75) 8 (73)
4 9 (16) 9 (20) 0.823 6 (16) 0 3 ( 27) 0.980
5 0 1 (2)

Two or more comorbities, n (%)c 41(71) 33 (73) 0.828 24 (63) 6 (75) 11 (92) 0.082
Level of amputation, n (%)d

TTA 23 (40) 3 (7) <0.001� 17 (45) 3 (38) 3 (25) 0.275
TFA 35 (60) 42 (93) 21 (55) 5 (62) 9 (75)

Bilateral amputation, n (%)e 9 (15) 6 (13) 0.809 7 (18) 0 2 (17) 0.400
SF36, mean (SD)f

Physical function 29,7 (10,0) – 29.9 (10.2) 37.6 (11.4) 23.9 (4.9) 0.951
Role-physical 33.0 (11,2) – 34.8 (11.3) 34.7 (15.3) 26.5 (5.5) 0.076
Bodily pain 33.7 (11.9) – 35.6 (12.2) 33.7 (12.3) 28.4 (9.6) 0.090
General health 44.4 (9.9) – 45.7 (9.6) 45.0 (10.2) 41.1 (10.6) 0.192
Vitality 40.4 (11.2) – 41.8 (11.9) 40.7 (11.0) 35.5 (7.8) 0.205
Social function 42.7 (12.2) – 44.3 (11.8) 43.7 (10.7) 36.5 (13.7) 0.159
Role-emotional 41.7 (14.1) – 44.4 (13.4) 41.3 (17.4) 33.5 (12.9) 0.050�
Mental health 43.8 (13.3) – 46.3 (12.3) 40.4 (14.3) 37.8 (14.2) 0.057

GSEg, mean (SD) 31.7 (5.3) – 31.7 (5.5) 28.8 (4.8) 29.8 (8.3) 0.243
Barthel overallh, mean (SD) 83.7 (14.1) – 84.8 (12.9) 89.4 (5.1) 70.5 (21.5) 0.229
aChi-square test of homogeneity for categorical variables, Fisher?s exact test in cells <5, and Mann-Whitney U test for continuous variables (‘participants vs non-par-
ticipants’ and ‘completed study vs dropped out or decaesed’).
bASA, Physical Classification System, American Society of Anesthesiologists [52].
cdiagnosis besides diabetes & dementia.
dfinal amputation level.
eContralateral leg amputated earlier n¼ 12, bilat amputation n¼ 3.
fSF36v2 norm based scores, higher scores¼ better HRQOL.
gGeneral self-efficacy, score 10–40, higher scores¼ better self-efficacy.
hMaximum score 100¼ independent in all activities.

Table 2. Changes in HRQOLa, GSEb, and functional levelc at 3, 6, and 12 months compared with baseline 1 month pre-amputation.

n¼ 38
Baseline
mean (SD)

3 Months
mean (SD)

Difference
mean (SD) p valued

6 Months
mean (SD)

Difference
mean (SD) p valued

12 Months
mean (SD)

Difference
mean (SD) p valued

SF36a,e domains
Physical function 29.9 (10.2) 26.8 (7.3) �3.2 (9.2) 0.022� 29.8 (8.4) �2 (11.0) 0.816 32.9 (10.6) 2.9 (10.2) 0.092
Role-physical 34.8 (11.3) 38.5 (10.4) 3.7 (14.3) 0.106 43.4 (10.6) 8.7 (14.6) 0.001� 46.3 (10.0) 11.6 (12.8) <0.001�
Pain 35.6 (12.2) 48.2 (10.6) 12.6 (15.2) <0.001� 49.4 (9.8) 13.8 (11.8) <0.001� 49.0 (15.5) 13.4 (15.5) <0.001�
General health 45.7 (9.6) 51.1 (10.9) 5.5 (8.4) 0.001� 51.3 (11.3) 5.6 (9.5) 0.003� 51.5 (10.0) 5.8 (9.4) 0.001�
Vitality 41.8 (11.9) 53.2 (11.9) 11.3 (13.4) <0.001� 54.6 (11.5) 12.7 (13.1) <0.001� 54.6 (10.4) 12.7 (11.0) <0.001�
Social function 44.3 (11.8) 49.0 (10.3) 4.8 (14.2) 0.040� 51.3 (10.0) 7.0 (12.5) 0.001� 50.0 (11.35) 5.7 (15.8) 0.023�
Role-emotional 44.4 (13.4) 50.2 (9.2) 5.8 (11.6) 0.004� 48.8 (10.8) 4.4 (15.3) 0.142 50.8 (9.0) 6.3 (12.0) 0.002�
Mental health 46.3 (12.3) 55.3 (7.2) 9.0 (11.9) <0.001� 53.1 (11.9) 6.8 (14.0) 0.007� 54.7 (9.9) 8.4 (8.4) 0.001�
GSEb,f 31.7 (5.5) 33.1 (4.5) 1.4 (3.7) 0.040� 32.6 (4.4) 0.8 (4.4) 0.198 32.8 (4.5) 0.7 (5.1) 0.250
Barthel overallc,g 84.8 (12.9) 69.6 (16.3) �15.2 (14.3) 0.001� 74.6 (17.4) �10.2 (15.0) <0.001� 77.2 (20.4) �7.6 (17.0) 0.019�

aSF36v2 norm-based scores.
bGeneral self-efficacy (GSE).
cBarthel index 100.
dWilcoxon signed rank test, three, six and twelve months compared with baseline.
ehigher scores¼ better HRQOL.
fmaximum score 40, higher score¼ better self-efficacy.
gmaximum score 100¼ independent in all activities.

4 U. R. MADSEN ET AL.



The patients reported their GSE improved from baseline
to 3 months with a statistically significant difference of 1.4 (CI:
0.2–2.6, p¼ 0.04). This improvement in self-efficacy disappeared at
6 months and was not detected at 12 months (Table 2).

Functional level measured as level of independence in activities
of daily living (Barthel overall score) decreased from baseline
(84.79, SD: 12.86) to the lowest level at 3 months (69.55, SD:
16.31), a statistically significant mean difference of �15.2 (CI: –19.9
to 10.5, p< 0.001) (Table 2). At 6 months, patients’ functional level
(Barthel) had improved to 74.6 (SD: 17.4) and at 12 months to
77.2 (SD: 20.4). However, with a statistically significant mean differ-
ence of –7.6 (CI: �13.2 to �2.0, p¼ 0.019) in Barthel score at
12 months compared with baseline, the patients as a group had
not regained the level of independence in activities of daily living
after 12 months they had before the amputation.

When looking at the Barthel activities one by one (Table 3), it
was revealed that patients had statistically significantly lower func-
tion in 4 of 10 Barthel activities at 3, 6, and 12 months, respect-
ively, compared with baseline (toilet, ambulation, transfer and
stair-climbing at 3 and 6 months/toilet, bathing self, ambulation,
and transfer at 12 months). The remaining six functions were
unaltered compared with baseline at all three time points. The
biggest decline, at 12 months (compared with baseline), was
found in ambulation and bed–chair transfer. Changes over time
followed almost the same pattern for all activities with the lowest
scores observed at 3 months and then improving from there. One
exception was the bed–chair transfer. Here, the lowest score was
found at 3 months with a modest improvement at 6 months and
a small decrease at 12 months (mean difference from 6 to
12 months –0.3, SD: 1.5, p¼ 0.357).

A Kruskal–Wallis H test was run to determine if there were dif-
ferences in how patients reported their HRQOL (SF36 subscale
scores), their GSE, and their functional level (Barthel individual
activities), respectively, from baseline and through follow-up,
between individuals in three age groups: younger (<65, n¼ 11),
older (65–74, n¼ 18), and oldest (75þ years, n¼ 9).

No differences were detected between the three age groups in
seven of eight domains at any time point when the eight SF36
domains were tested. The difference detected in the eighth
domain (physical function) is illustrated in Figure 2. Physical func-
tion at 12 months was found to be statistically significantly differ-
ent between age groups (v2(2)¼ 8.478, p¼ 0.014). Subsequently,
pairwise comparisons were performed using Dunn’s (1964) pro-
cedure with a Bonferroni correction for multiple comparisons. The
adjusted p value is presented. This post hoc analysis revealed a
statistically significant difference in physical function between the
younger (36.52) and the oldest (23.09) (p¼ 0.001), but not

between the older (31.71) and any other group combination.
When tested in a multiple regression analysis; however, age was
not found to predict lower physical function when controlled for
gender, ASA score, level of amputation, and physical function at
baseline. It should be noted that not all requirements for perform-
ing multiple regression analysis were fulfilled. One-third of the
sample had leverage values >0.2 which could reduce the predict-
ive accuracy of the results as well as statistical significance. This
reservation applies to all the multiple regression analy-
ses performed.

As mentioned above, no differences were detected among the
three age groups in how they reported their HRQOL in the other
seven of eight SF36 domains (role-physical, pain, general health,
vitality, social function, role-emotional, and mental health (data
not shown)). Similarly, the Kruskal–Wallis test did not reveal any
differences in how patients reported their GSE between the three
age groups at any time point (data not shown).

A multiple regression analysis was performed to explore the
potential predictive value of age and GSE on HRQOL at 12 months.
This analysis confirmed the results described above by not reveal-
ing any correlations between age and six of these seven SF36
domains or the level of GSE at 12 months. One found exception
was that higher age was related with more experienced limita-
tions because of physical function (SF36 role-physical)
(F(2,35)¼ 8.893, p¼ 0.001, adj R2¼ 0.299).

Lower GSE at baseline was only related to the level of GSE at
12 months F(1,36)¼ 17.389, p< 0.001, adj R2¼ 0.307.

At baseline, there were no differences in functional level
between the three age groups, either measured as Barthel overall
or in any of the 10 activities of daily living measured with Barthel.
This is illustrated in Figure 3. At 3 months, the oldest patients had

Table 3. Barthel index 100 scores 3, 6, and 12 months post-amputation compared with baseline.

n¼ 38
Baseline
mean (SD)

3 Months
mean (SD)

Difference
mean (SD) p valuea

6 Months
mean (SD)

Difference
mean (SD) p valuea

12 Months
mean (SD)

Difference
mean (SD) p valuea

Personal hygieneb 4.6 (0.9) 4.7 (0.7) 0.1 (0.8) 0.541 4.8 (.5) 0.2 (1.0) 0.233 4.9 0.2 (1.0) 0.145
Bathingb 4.2 (1.3) 4.0 (1.1) �0.2 (1.5) 0.188 4.1 (1.0) �0.01 (1.4) 0.314 3.9 (1.3) �0.3 (1.4) 0.052
Eatingb 4.9 (0.4) 5.0 (0.2) 0.1 (0.4) 0.257 5.0 (1.0) 0.1 (.4) 0.102 5.0 (0.2) 0.1 (.4) 0.414
Toiletc 9.6 (1.6) 8.1 (2.9) �1.5 (2.9) 0.005 8.5 (2.8) �1.0 (2.7) 0.028 8.2 (3.1) �1.4 (3.1) 0.010
Clothingc 9.1 (1.9) 8.6 (2.1) �0.5 (2.1) 0.147 8.5 (2.1) �0.6 (2.0) 0.117 8.7 (2.1) �0.4 (2.0) 0.177
Bowel controlc 9.4 (1.6) 9.4 (2.0) �0.1 (1.7) 0.862 9.6 (1.8) 0.2 (1.9) 0.579 9.3 (2.1) �0.1 (2.2) 0.931
Bladder controlc 9.6 (1.8) 9.1 (2.2) �0.5 (1.5) 0.068 9.4 (1.6) �0.1 (1.9 0.660 9.2 (2.2) �0.4 (1.8) 0.221
Ambulationd 12.5 (4.1) 2.6 (5.4) �9.9 (6.1) <0.001 5.7 (6.8) �6.8 (6.4) <0.001 9.0 (6.8) �3.6 (6.3) 0.004
Bed–chair transferd 14.8 (0.7) 13.1 (3.6) �1.7 (3.6) 0.005 13.4 (3.7) �1.4 (3.7) 0.026 13.2 (4.0) �1.7 (4.0) 0.012
Climbing stairsc 5.8 (4.3) 1.6 (3.3) �4.2 (4.9) <0.001 3.2 (4.3) �2.6 (4.7) 0.003 4.7 (4.5) �1.2 (4.7) 0.127
aWilcoxon signed-rank test, three, six and twelve months compared with baseline (one month pre amputation).
bScore 0–5; 0¼ not actively contributing in activity, 5¼ performing the activity independently.
cScore 0–10; 0¼ not actively contributing in activity,10¼ performing the activity independently.
dScore 0–15, 0¼ not actively contributing in activity, 15¼ performing the activity independently.
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Figure 2. Changes in SF36 subscale “physical function” from baseline to
12months, divided in age groups.
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a higher need of assistance in bathing, dressing, and ambulation
than younger and older patients. Stair-climbing was observed to
be harder to the oldest patients than younger patients compared
with their baseline scores. These differences were statistically sig-
nificant (p< 0.05). At 6 months, the oldest patients had a higher
need of assistance in dressing than the younger patient and were
also in more need of assistance in self-bathing than both younger
and older patients (p< 0.05). At 12 months, the oldest patients
had a higher need of assistance in personal hygiene, self-bathing,
and dressing than the younger and older patients. Furthermore,
they were in more need of assistance in toileting than younger
patients and had more difficulties in stair-climbing than older
patients (p< 0.05). No difference between the age groups was
detected in eating, bowel, and bladder control.

When functional level among the three age groups at
12 months was compared with functional level at baseline, the

oldest had the biggest decline of all three age groups in Barthel
overall score with a mean difference for the younger, older, and
oldest of –0.5 (SD: 9.7), –3.7 (SD: 14.5), –24 (SD: 19.4), v2

(2)=9.676, p¼ 0.008, respectively. This result was confirmed in a
multiple regression analysis when controlled for gender, ASA
score, level of amputation, GSE, and functional level at baseline.
Here, higher age at baseline statistically significantly predicted
lower functional level at 12 months (F(6,31)=15.525, p< 0.001,
adj. R2=0.440).

Discussion

The aim of this study was to investigate the effect of time and
age on HRQOL, GSE, and functional level 12 months following
dysvascular major LLA.
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Figure 3. Changes in Barthel overall and seven individual activities (mean values) from baseline to 12months, divided in age groups.
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Based on prospectively longitudinal collected data, this study
shows that patients having dysvascular LLAs have better HRQOL
12 months after amputation in all domains except physical func-
tion when compared with 1 month prior to amputation and are
significantly more dependent on assistance in activities of daily
living measured at group level. When looking at individuals, sig-
nificant differences exist in functional level achieved. The physical,
social, and mental domains of HRQOL (SF36) change in different
patterns over the first 12 months. All SF36 domains, being below
population norms at baseline, reflect the vulnerability of patients
having major dysvascular amputations, at time of surgery. In line
with our findings, Fortington et al. [17] reported HRQOL scores
below population norms at time of amputation though not in the
general health and mental health subscales in a longitudinal study
of HRQOL after dysvascular LLA. That study included 35 patients
up to 5 days post-amputation who filled in the HRQOL question-
naire at three times points. The difference might be explained by
differences in study design: the present study recruited patients
from a consecutive sample of patients having dysvascular amputa-
tions until day 21 after amputation and administered the HRQOL
measures as interviews and were thus able to include more vul-
nerable patients who would have been otherwise excluded.

Already at 3 months, patients reported fewer problems with
pain and had improved general health and vitality comparable to
a stable level above population norms. In the above described
study of Fortington et al. [17], this positive change was found at
6 months post-amputation; however, HRQOL was not measured
from baseline until 6 months and it is therefore unknown whether
the improvement was present already at 3 months.

Interestingly, patients reported less limitation caused by their
physical health (role-physical) already 3 months post-amputation
although their physical function had the lowest scores at that
point. That less limitation was reported could reflect the fact that
physical function is not the only impact on physical limitations
experience. The high level of pain, low general health, and vitality
patients reported at baseline could have been experienced as limi-
tations that are no longer present after 3 months.

Another explanation could be that expectations and import-
ance of different aspects of HRQOL might not be the same after
experiencing life-changing events such as a LLA [21]. Such a
response shift (a shift in the person’s self-evaluation of the con-
struct rather than a change in the construct itself) has previously
been reported in LLA populations [33,34].

Patients reported the psychosocial aspects of their HRQOL at
below population norms at baseline. This is important to be aware
of when caring for these patients both pre- and post-amputation
[21]. Patients reported their social function, experienced limita-
tions in life caused by emotional challenges (role-emotional),
experienced problems with mental health, and GSE fluctuating
throughout the first 12 months after the amputation. That these
changes were not statistically significant could be because of the
relatively small and heterogeneous sample which contained large
differences in scores between individuals. Combined with the
above-mentioned potential of response shift, it should also be
kept in mind that people who report extreme values in studies
with repeated measures sometimes try to equalize their answers
in later assessments [35]. That being said, these changing patterns
might reflect the process of psychosocial adaption to disability
that patients go through after a LLA [22,23,24] which indicates a
need for psychosocial support at this stage of rehabilitation
[24,38]. Six month post-amputation has been suggested as appro-
priate time for counseling to relieve the common emotional and
mental problems of depression, distress, sleeplessness, and anxiety
[38]. Support groups could be another appropriate intervention

that patients prefer [39]. Not all patients need of counseling as
some experience few if any psychological problems [37]. Some
patients report having psychological gains when amputation
results in less pain, less restrictions in mobility, and better general
health and vitality [40]. This was also found among our partici-
pants. With limited resources available, it becomes crucial to iden-
tify those patients in most need for such psychosocial
interventions. This should be further explored.

Whether older people adapt differently to leg loss than
younger people has been debated and which age group is more
or less psychosocial affected has also been discussed [25]. In this
longitudinal study, we found no difference among younger, older,
or oldest patients regarding how they reported the level of any of
the psychosocial sub-scales of SF36 or the GSE scale. This finding
contrasts with a study which suggests that activity restrictions
cause older people less distress because of lower expectations
about functional capacity [36]. It also contrasts with a large study
of HRQOL among patients having upper- and lower-limb amputa-
tions which found better HRQOL including emotional responses
are independently associated with younger age [41].

Our findings are in line with other studies which report depres-
sion and adjustment to amputation are independent of age
[37,42]. The above-mentioned differences could be attributed
cross-sectional design and study limitations excluding the oldest
people. Reporting problems with psychosocial aspects of HRQOL
is not the same as wanting healthcare interventions, and future
appropriate designed studies should investigate whether the need
for psychosocial interventions differ between age groups.

Measuring physical function with both SF36 (physical function
subscale) and Barthel revealed some interesting details. Patients
had the poorest physical function 3 months post-amputation in
both measures. At 12 months, the patients’ physical function
(SF36 subscale) had increased yet it was no different from base-
line. Nonetheless, patients had a clinically significant decrease in
functional level at 12 months when measured with Barthel. This
loss of physical function, whether it was measured with SF36
(physical function subscale) or Barthel, was unevenly distributed
among age groups.

All age groups had equal scores at baseline with the lowest
scores coming after 3 months, but the oldest group reported only
small gains in functional level and was carrying the biggest loss of
physical function at 12 months. This contrasted with the younger
and older patients who regained their level of physical function
from 1 month before the amputation or even improved. Although
it is well documented that age influences physical function after
LLA [7,8,18], comparisons of these results are difficult because of
diversity in outcome measures [15], populations studied [18,43]
and the fact that the majority of studies in HRQOL are performed
more than 12 months post-amputation [18]. More studies are
required to find out whether the oldest physical potential is
exhausted or other factors, such as differences in the extent and
type of rehabilitation provided, provide accounts for some of
these differences in achieved functional outcome.

The results of the individual activities of Barthel add some not-
able details to the loss of function over time when compared to
functional level at baseline. We found patients were more
dependent on help than before amputation in four activities at all
three time points measured and had significantly lower function
in toilet, self-bathing, ambulation, and bed–chair transfer still pre-
sent at 12 months. Big individual differences were detected
though, and final decline was almost solely found among the old-
est (age 75þ years). It is important to note that all age groups
had the same level of scores at baseline. The biggest decline was
found in ambulation. Being independent in ambulation after LLA
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naturally depends on whether the patient has a prosthesis. In our
study, 28 patients (74%) were provided a prosthesis and had the
first prosthesis with them home within the mean time of 161 days
with a wide range of 34–312 days. Depending on the population
studied and criteria for assessment, the proportion reported hav-
ing had a prosthesis differed from 5% to 100% [44]. Having a
prosthesis is not the same as walking successfully; yet being pro-
vided with a prosthesis is a prerequisite to ambulate, and the
time spent waiting for the prosthesis explains part of the loss of
ambulation skills at 3 and 6 months in our study.

The second biggest decline was found in bed–chair transfer.
Again, the oldest were the ones most affected with decline
already evident at 3 months and no signs of improving from that
point. Although early mobilization is possible even among the
heterogeneous population of patients having vascular amputa-
tions [46], it is known that hospitalized older people lose basic
functions due to immobilization during their in-hospital stay [45].
A short, early pre-prosthetic rehabilitation intervention can result
in independence in bed–chair transfer for 80% of a sample com-
parable to ours [47]. From the same cohort as the present study,
it has been reported that 40% of the sample were dependent on
assistance in bed–chair transfer on day 21. Independence in bed–-
chair transfer was positively associated with lower age and physio-
therapy initiated after discharge [48]. The authors conclude that
short-term functional outcome is modifiable by care provided.
They highlight the need of increased focus on postoperative care
to maintain independence in activities of daily living as well as to
establish and provide everyday rehabilitation in the general popu-
lation of patients having dysvascular LLA with special focus on
older patients. These findings, however, need to be tested in
experimental research.

Although some limitations must be considered, this study pro-
vides unique prospectively collected longitudinal data on the
effect of time and age on HRQOL, GSE, and functional level the
first 12 months after a vascular LLA. We managed to recruit 57%
(n¼ 58) of a consecutive sample of which 34% (n¼ 45) of those
eligible for the study were too ill to participate. Of those recruited,
63% (n¼ 38) completed the study. These numbers correspond
with other studies on the dysvascular LLA population [17,49], but
the relatively small sample represents a limitation especially when
considering the heterogeneous population. This highlights the
methodological difficulties of doing research in this field and high-
lights the need for attention to vulnerable patients having vascu-
lar amputations who are too ill to participate in research. Our
analysis include those surviving until 12 months and though only
small differences were found in characteristics of those complet-
ing the study and those who dropped out or were deceased, it is
not reasonable to generalize the findings to the general patient
population having dysvascular LLA.

We chose to perform all data collections as interviews and
were thus able to collect complete data from even the frailer
patients. One researcher performed all interviews minimizing the
risk of difference in assessments. By measuring baseline HRQOL,
GSE and functional level 1-month pre-amputation after amputa-
tion, there was a risk of recall bias. We considered recruiting
patients pre-amputation but found that it was not feasible in the
acute setting. Nonetheless, high compliance in recording this kind
of data up to 6-week post-amputation has previously been docu-
mented [49]. Letting patients bring relatives to the interviews
could affect their answers. This approach was chosen based on
former studies in this population, where patients expressed pre-
ferred preference for having a relative present to support and
help with memory. It has been found that even if the presence of
a relative influences patients’ answers, responses could still be

close to the patients’ own answers. When relatives act as proxy
and grade experiences of the patient, the difference in scoring
between patient and proxy tends to be small with tendency for
relatives to score slightly lower in function and higher in symp-
toms [50].

The SF36 is a generic HRQOL questionnaire and results can
therefore be compared across different populations. The use of
generic measures, however, does not identify issues that are of
specific importance to the LLA population. The amputation-spe-
cific measures available are developed for individuals with pros-
thesis [15] and are thus not relevant to a significant proportion of
patients having LLA due to vascular disease. Development and
use of patient-recorded outcome measures (PROMs) [51] could be
a solution for future studies.

This study reports unique prospective longitudinal data on
patients after dysvascular LLA who survive 12 months and docu-
ments that significant improvement in more aspects of HRQOL
can be achieved as soon as 3 months post-amputation.
Psychosocial problems persist and fluctuate throughout the first
12 months in all age groups indicating the need for psychosocial
support as part of the rehabilitation services provided. The
patients reported their physical function causing them less limita-
tion although the physical function never became better than the
poor level at baseline. Differences were identified between age
groups in physical function with loss of physical function almost
solely evident among the oldest patients after 12 months. There is
a need for more studies to determine whether the oldest patients’
physical potential is exhausted or if they could benefit from fur-
ther rehabilitation to regain basic physical functions, thereby gain-
ing higher QOL.
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