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Sarcopenia increases the risk for mortality
in patients who undergo amputation for
diabetic foot
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Abstract

Background: Although there have been reports that diabetes affects the prevalence of sarcopenia, no studies
have examined the relationship between sarcopenia and mortality in patients undergoing leg amputation. The
purpose of this study is to determine whether sarcopenia affects the mortality rate of patients undergoing diabetic
foot amputation.

Methods: From among patients who underwent limb amputation for diabetes complications, this study included
167 patients who underwent abdominal CT within 1 year of amputation. We defined sarcopenia using sex-specific
cut-off points for the L3 skeletal muscle index. The 5-year survival rate was analyzed. All patients were divided into
two groups and compared according to the presence of sarcopenia. The mortality rate according to sarcopenia
was assessed via the Kaplan-Meier method and log-rank test. Uni- and multivariate Cox regression analyses
evaluated factors associated with survival rate.

Results: Among the total of 167 patients, the overall 5-year mortality rate was 52.7%. Of the 112 patients with
sarcopenia, the 5-year mortality rate was 60.7%. Of the 55 patients without sarcopenia, the 5-year mortality rate
was 36.4%. Kaplan-Meier analysis showed a high mortality of the sarcopenia group in the univariate (p = 0.016)
and multivariate (p = 0.047) analysis.

Conclusions: Our study is the first to analyze the relationship between diabetic amputation and sarcopenia.
Sarcopenia increases the risk of mortality in patients who undergo amputation for diabetic foot. Therefore, patients
with diabetes should be careful to prevent sarcopenia with enough regular exercise as well as prevent diabetic
foot disease.
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Background
The risk for developing diabetic foot ulcers in patients
with diabetes over their lifetimes ranges from 19 to 34%
[1–3]. Diabetic foot is associated with a very high mor-
tality rate and is currently the main cause of nontrau-
matic lower limb amputation (LEA). [3] The mortality
rate after LEA for diabetic foot was estimated at 13–40%
within 1 year, 35–65% within 3 years, and 39–80%
within 5 years, which is worse than that observed in
malignancies [4]. Recently, Lavery et al. reported that

mortality after diabetes-related amputation exceeds 70%
at 5 years for all patients with diabetes. [5].
Previous studies have reported several factors that

affect mortality after LEA [6–10]. Beyaz et al. reported
that mortality could be predicted by the duration of
insulin use, age, sex, and renal insufficiency after
below-knee amputation [6]. Moreover, Costa et al.
reported that old age, major amputation, and low
hemoglobin levels are risk factors for death in patients
with diabetic foot ulcers [7].
Sarcopenia is an aged related condition that involves

multiple risk factors, and is associated with function de-
cline, frailty, and other poor health outcomes [11, 12].
Sarcopenia is defined as the loss of skeletal muscle mass
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and strength with aging and contributes to both physical
disability and mobility limitations [13]. In addition to aging,
many chronic diseases are also associated with sarcopenia
[12]. A few recent studies have shown that sarcopenia af-
fects the outcomes including mortality of abdominal sur-
gery, as well as solid organ cancer surgery [14–16]. Frailty
that reduced homeostatic reserves has been studied with
sarcopenia. When sarcopenia and frailty accompany, phys-
ical function impairment may eventually occur [17].
Among chronic diseases, diabetes is one of the signifi-

cant contributors to the exacerbation of sarcopenia [17].
The Health, Aging, and Body Composition Study re-
vealed that diabetes is associated with rapid loss of skel-
etal muscle strength and mass [18]. The prevalence of
sarcopenia is as high as 15% in patients with type 2 dia-
betes [19]. Sarcopenia can cause a functional disability
such as ambulation limitation after LEA, which is
thought to be closely related to mortality.
However, the association between sarcopenia and mor-

tality rate after LEA remains unclear. In addition, to the
best of our knowledge, no study has investigated the ef-
fect of sarcopenia on postoperative outcomes including
survival rate after LEA. If sarcopenia affects mortality
after LEA, the presence of sarcopenia may be a predictor
of the prognosis of LEA in patients with diabetic foot.
Therefore, the objective of this study was to evaluate

the relationship between sarcopenia and mortality after
LEA. The hypothesis was that sarcopenia affects the
mortality of LEA.

Methods
Participants
This retrospective study was approved by the institu-
tional review board of the Asan Medical Center. From
01/01/2005 to 31/12/2012, patients who underwent LEA
due to diabetic complications and underwent abdominal
computed tomography (CT) which is a valid measure-
ment tool for sarcopenia were included. For evaluation
about perioperative sarcopenia, patients who performed
abdominal CT within 1 year before amputation surgery
was selected. We excluded patients with solid organ
malignancies detected via abdominal CT, owing to the
possibility of the effects on mortality rate. As a result,
only those patients who did not demonstrate any fatal
abnormalities on CT were included. Patients with
arteriosclerosis obliterans, Burger’s disease confirmed by
angiography, trauma-related and skin cancer were
excluded. Medical records were reviewed to collect basic
demographic data such as sex, age, weight, height, and
laboratory results including serum creatinine, HbA1c
and fasting glucose level. The presence of relevant
comorbidities including hypertension, cardiac disease,
pulmonary disease, cerebrovascular disease and renal
disease should also be reported. [20].

Body composition and sarcopenia assessment
We defined sarcopenia by using sex-specific cut-off
points for skeletal muscle index (SMI) at the level of the
third lumbar vertebra (L3). L3 region is strongly corre-
lated to whole body muscle distribution. As a result, the
L3 slice allows for estimation of total muscle mass. [21]
The L3 SMI was calculated as the total area of the L3
skeletal muscle area (cm2) divided by the height squared
(m2). Abdominal CT images taken before LEA were re-
trieved for analysis. The CT-derived muscle mass at the
level of L3 is closely correlated with bioimpedance on
dual-energy X-ray absorptiometry at the level of L3
alone, whole-body bioimpedance [22]. The total area of
muscle on a single axial slice at the level of L3, including
the paraspinal, psoas, and abdominal wall musculature,
has been employed for measurements in several previous
studies [23]. The measurement of the skeletal muscle
area was performed by using a PetaVision system
(produced by Asan Medical Center, Seoul, Republic of
Korea, ver 3.1.0.1152). Cutoffs of 52.4 cm2/m2 for men
and 38.5 cm2/m2 for women were used on the basis of
the findings from previous studies [24].

Classification of LEA level
Amputation level was analyzed using medical records.
Patients were divided into the major LEA group and
minor LEA group according to the amputation level.
The criteria for minor and major LEA were defined as at
and below the ankle joint and above the ankle joint, re-
spectively. For the purpose of this study, toe, ray, and
transmetatarsal amputation was defined as minor LEA.
Amputation below and above the knee was defined as
major LEA.

Outcome after LEA: Survival rate and functional score
The endpoint was survival rate. The overall 5-year
mortality rate of patients who underwent LEA owing to
diabetic complications was obtained. The date of death
was confirmed based on the expiration date of medical
insurance registration. All patients were divided into two
groups and compared according to the presence or
absence of sarcopenia as defined above.

Statistical analysis
Statistical analysis was performed with SPSS 21.0 (SPSS
Inc., Chicago, IL). A p-value < 0.05 was considered
statistically significant. Differences in demographic
parameters and FAAM scores between the two groups
(sarcopenia group and non-sarcopenia group) were eval-
uated by using an independent two-sample t-test. The
survival rate of all patients according to the presence of
sarcopenia was assessed via the Kaplan-Meier method
and log-rank test. The survival rates of the minor LEA
and the major LEA group were also compared using the
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Kaplan-Meier method and log-rank test. Univariate and
multivariate Cox regression analyses evaluated factors
associated with survival rate along with the hazard ratios
and 95% confidence intervals. Cox regression is method
for investigating the effect of several variables upon the
time a specified event takes to happen. In the context of
an outcome such as death this is known as Cox regres-
sion for survival analysis.

Results
Demographics
The demographic data of the subjects included in the
study are as follows. Of the 620 patients who underwent
LEA within the study period, 216 who underwent ab-
dominal CT were identified. We excluded 23 patients
whose CT results were likely to affect survival, including
those with malignant tumors. Of the remaining 193 pa-
tients, 167 were diagnosed with diabetes, 6 with arterio-
sclerosis obliterans, 11 with Burger’s disease, 2 with

acute thromboembolism, 6 with trauma, and 1 with skin
cancer. Finally, 167 patients were included in the study.
Of the 167 patients, 112 were male and 55 were female.

The mean age of the patients at the time of LEA was
61.9 years (range, 29–80 years). Of the 167 patients, 112
had sarcopenia and the remaining 55 did not. Laboratory
results including creatinine, HbA1c and fasting glucose
level were confirmed. These laboratory result values were
taken just before the amputation operation. The mean
value of serum creatinine was 3.5 mg/dL, HbA1c was 7.6%
and fasting glucose was 159.2 mg/dL. These laboratory
measures showed no statistically significant difference be-
tween the sarcopenia and non-sarcopenia groups. And pro-
portion of comorbidities including hypertension, cardiac
disease, pulmonary disease, cerebrovascular disease and
renal disease between the sarcopenia and non-sarcopenia
groups showed no statistically different. Detailed propor-
tions of comorbidity are listed in Table 1. Overall, 124
(74.3%) patients underwent minor LEA and 43 (25.7%)

Table 1 Demographics between patients with sarcopenia and without sarcopenia

Characteristics Sarcopenia Non-sarcopenia p-value

Patients (number) 112 (67.1%) 55 (32.9%)

Age (years)a 63.1 ± 11.6 60.5 ± 11.5 0.152

Gender, n < 0.001

Male 90(53.9%) 28(16.8%)

Female 22(13.2%) 27(16.2%)

Weight (kg)a 57.2 ± 9.8 63.5 ± 9.3 < 0.001

Height (m)a 1.64 ± 0.08 1.62 ± 0.08 0.028

Body mass index, (kg/m2)a 21.1 ± 3.2 24.3 ± 3.1 < 0.001

Laboratory results

Creatinine, mg/dL 3.6 ± 1.10 3.3 ± 0.71 0.157

HbA1c, %
Fasting glucose level, mg/dL

7.6 ± 0.7
158.2 ± 23.3

7.6 ± 0.73
161.4 ± 25.8

0.851
0.421

Comorbidity

Hypertension (yes/no) 36(32.1%) / 76(67.9%) 18(32.7%) / 37(67.3%) 0.981

Cardiac disease (yes/no) 27(24.1%) / 85(75.9%) 0.498

Pulmonary disease (yes/no) 10(8.9%) / 102(91.1%) 10(18.2%) / 45(81.8%) 0.514

Cerebrovascular disease (yes/no) 12(10.7%) / 100(89.3%) 7(12.7%) / 48(87.3%) 0.574

Renal disease (yes/no) 52(46.4%) / 60(53.6%) 4(7.3%) / 51(92.7%) 24(43.6%) / 31(56.4%) 0.582

Level of LEA

Minor LEA (number) 78(69.6%) 46(83.6%)

Toe 29 11

Ray 27 25

Transmetatarsal 22 10

Major LEA (number) 34(30.4%) 9(16.4%)

Below knee 29 8

Above knee 5 1
aData are present as Mean ± SD [range], LEA: Lower extremity amputation
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patients underwent major LEA. Detailed amputation levels
are listed in Table 1.

Overall survival rate
Among the total of 167 patients, 88 patients died and 79
patients survived 5 years postoperatively. The overall
5-year mortality rate was 52.7%. In patients with sarcope-
nia, 5-year mortality rate was 60.7%. In patients without
sarcopenia, 5-year mortality rate was 36.4% (Table 2). A
Kaplan-Meier analysis showed a statistically significant dif-
ference between those with and without sarcopenia in the
univariate (p = 0.016) and multivariate (p = 0.047) analysis
(Fig. 1). Age and cardiac disease was a significant predictor
of survival independent of sarcopenia in the univariate
(p = 0.000) and multivariate (p = 0.003) analysis (Table 3).

Mortality rate according to amputation level

(1) Minor LEA group (n = 124)
In the minor LEA group, the 5-years mortality rate was
50.0%. In the minor LEA group with sarcopenia, 5-year
mortality rate was 57.7%. And in the minor LEA group
without sarcopenia, 5-year mortality rate was 37.0%.
The 5-years mortality rate of patients undergoing
minor amputation was significantly higher in those
with sarcopenia (57.7%) compared to those without
sarcopenia (37.0%) (p = 0.007; Fig. 2 and Table 2).

(2) Major LEA group (n = 43)
In the major LEA group, the 5-years mortality rate
was 60.5%. In the major LEA group with sarcopenia,
5-year mortality rate was 67.6%. And in the major
LEA group without sarcopenia, 5-year mortality rate
was 33.3%. Although patients with sarcopenia who
underwent major amputation had a higher mortality
rate than patients without sarcopenia, this
difference did not reach statistical significance
with the numbers available (p = 0.061; Fig. 3
and Table 2).

Discussion
To the best of our knowledge, this study is the first to
analyze the relationship between survival after LEA and
sarcopenia. The findings of this study showed that the
mortality rate due to LEA in patients with sarcopenia
was higher than that in patients without sarcopenia.
These results indicate that preventing sarcopenia in dia-
betic patients is important to maintain high survival
rates. For the same reason, the presence of sarcopenia
can be a predictor of the outcome of LEA.
According to previous studies, the 5-year mortality

rate after LEA was reported to be 39–80% [4, 25], and in
our study, the 5-year mortality rate of all patients was
52.7%, similar to other studies. However, the 5-year mor-
tality rate of patients with sarcopenia was only 60.7%,
while the 5-year mortality rate of patients without sarco-
penia was 36.4%. Even after adjusting for all other
variables in the multivariate analysis, age, presence of
cardiac disease and sarcopenia was an independent pre-
dictor for mortality in patients with LEA for diabetic
foot. In previous studies [6–10, 26], the mortality rate
was found to increase with higher amputation levels.
Evans et al. [26] reported that the 2-year survival rate of
forefoot/midfoot amputation group was 80%, while that
of below knee amputation group was only 48%. How-
ever, in our study, the difference in mortality rate be-
tween patients who underwent minor amputation and
those who underwent major amputation was 10.5%,
whereas the difference in mortality rate according to the
presence of sarcopenia was 24.3%. It means that mortality
rates were significantly higher in sarcopenia patients re-
gardless of the amputation level. And this suggests that
the prevention or management of sarcopenia, regardless
of amputation level, can be important to improve survival
outcomes after LEA.
The known risk factors for survival after LEA are older

age, male sex, long-term insulin use, and low hemoglobin
level [6–10]. In our study, multivariate analysis was

Table 2 Mortality rate according to presence of sarcopenia and LEA level

Total 5YMR Sarcopenia Non-sarcopenia p-value

Patients (number) 167 112 (67.1%) 55 (32.9%)

Survival Expire Survive 5YMR Expire Survive 5YMR

Total 167 52.7% 68 44 60.7% 20 35 36.4% 0.006

Minor LEA 124 50.0% 45 33 57.7% 17 29 37.0% 0.007

Toe 40 19 10 2 9

Ray 52 15 12 9 16

Transmetatarsal 32 11 11 6 4

Major LEA 43 60.5% 23 11 67.6% 3 6 33.3% 0.061

BKA. 37 21 8 3 5

AKA. 6 2 3 0 1

5YMR: 5-years mortality rate, LEA: lower extremity amputation, BKA: below knee amputation, AKA: above knee amputation
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performed on factors that differed according to demo-
graphics such as age, sex, height, and weight, but only old
age was found to have a significant effect. We also ana-
lyzed the relationship between laboratory results such as
creatinine, HbA1c and fasting glucose level and survival
rate, but no significant differences in survival rates
were observed. There was no significant difference in
preoperative creatinine level between sarcopenia and
non-sarcopenia group, which is very valuable in that the
presence of sarcopenia has a significant effect on survival,
regardless of end-stage renal disease. It is not rejected by

study by Wukich et al. [27] that end-stage renal disease
affects survival. In our study, age, presence of cardiac dis-
ease and sarcopenia is an important independent predictor.
In a study of 414 type 2 diabetic patients aged 65 years

and older, the risk for low muscle mass was 2–4 times
higher in diabetic patients than in the control group
[28]. It is known that comorbidities such as increased in-
sulin resistance, higher cardiovascular risk factors, renal
failure, peripheral neuropathy, and decreased muscle
quality also influence prognosis [29]. However, this study
showed that among patients with diabetes, the prognosis

Fig. 1 Kaplan-Meier survival graph for all subjects

Table 3 Prognostic factors for mortality rate in patients undergoing an LEA for diabetic foot (univariate and multivariate analyses)

Univariate Multivariate

Prognostic factor p-value HR (95% CI) p-value HR (95% CI)

Age 0.000 1.033 (1.014–1.052) 0.003 1.031 (1.010–1.053)

Gender 0.218 0.749 (0.473–1.186) 0.784 0.909 (0.458–1.803)

Body weight 0.378 1.009 (0.988–1.030) 0.030 1.029 (1.003–1.055)

Height 0.785 0.698 (0.052–9.302) 0.265 0.100 (0.002–5.760)

Sarcopenia 0.016 2.252 (1.161–4.369) 0.047 1.747 (1.008–3.027)

Creatinine 0.884 1.015(0.829–1.242) 0.388 1.091(0.895–1.330)

HbA1C 0.195 0.829(0.624–1.101) 0.285 0.857(0.646–1.137)

Fasting glucose 0.759 1.001(0.993–1.010) 0.701 1.002(0.993–1.011)

Hypertension 0.684 1.571(1.145–1.842) 0.517 0.842(0.065–1.145)

Cardiac disease 0.041 1.015(0.978–1.145) 0.034 1.175(1.012–1.248)

Pulmonary disease 0.248 2.154(1.784–2.426) 0.148 1.715(1.458–2.012)

Cerebrovascular disease 0.374 1.515(1.215–1.842) 0.314 1.126(0.865–1.458)

Renal disease 0.084 1.254(0.845–1.658) 0.145 1.548(1.256–1.842)
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of patients with sarcopenia may be worse for the first
time. Many patients with diabetic foot ulcer have rela-
tively reduced activity, and their willingness and strength
to walk especially after LEA becomes worse. On the
basis of the findings of this study, we propose active re-
habilitation and gait exercise training for patients with
diabetic foot disease. In addition, our findings provide
that efforts to improve muscle strength may increase the
survival rate of patients with diabetic foot.
Although the survival rate is important, it is important

to determine the treatment strategy of the patients, as

well as the difference in functional activity among the
surviving patients. Evans et al. [26] showed a difference
in survival rates between below knee amputation group
and forefoot/midfoot amputation group, but 64% were
able to walk and the two groups were identical. This is
contradictory to the general idea that functioning will
drop when amputate at higher levels. This can be a
hopeful message for patients who have undergone high
level amputation. Wukich et al. [30] reported a signifi-
cant improvement of SF-36 (Short Form 36) and FAAM
score after major amputation compared with before

Fig. 2 Kaplan-Meier survival graph for the minor amputation group

Fig. 3 Kaplan-Meier survival graph for the major amputation group
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amputation. However, the functional score was not in-
cluded in this retrospective study.
This study has some limitations. First, there may have

been selection bias because only those patients who
underwent LEA and had CT data were included. Second,
the amputation level was varied. However, we believe
that our attempt to categorize amputation has the ad-
vantage of reflecting the overall progress of the patients.
Third, in this study, only the muscle volume of L3 level
was used as a diagnostic criterion, although the method
of diagnosing sarcopenia is very diverse. Fourth, an ana-
lysis of the factors affecting the outcomes after LEA
should include the presence of peripheral artery disease
and evidence of infection. However, not all of the pa-
tients were not performed vascular study in this study
and no available data about evidence of wound infection.
Further study is therefore needed. Fifth, this study was
retrospective in nature. Therefore, in addition to meas-
uring the skeletal muscle index using CT, there was no
investigation of muscle strength and performance, which
is a recent diagnostic criterion for sarcopenia. Future
prospective studies may be needed to investigate the re-
lationship between muscle function and survival. Lastly,
there was no preoperative and final follow up functional
score such as FAAM score.

Conclusions
Sarcopenia increases the risk of mortality in patients
with LEA. Therefore, patients with diabetes should be
careful to prevent sarcopenia with enough regular exer-
cise as well as prevent diabetic foot disease.
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