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A B S T R A C T

Background: Diabetes foot sepsis (DFS) is the leading cause of amputation of lower extremities. Over 50 % of patients who have had major lower extremity amputation
due to DFS are dead within 4 years following the procedure.
Aim: To determine the life expectancy of patients following amputation for DFS at a regional hospital in South Africa.
Methods: We conducted an audit of patients who had DFS and were admitted over a 5-year period. The duration from admission to time of death was recorded in days.
Occurrence of death was confirmed from family members of the deceased using structured telephonic interview questionnaires. Categorical findings were summarized
using actual counts and percentages and compared using either the Chi-square or Fisher's exact test. We used the mean with standard deviation or median and range to
compare parametric and non-parametric continuous data, respectively. The Shapiro-Wilk test was used to test normality of data. Multivariate logistic regression was
done to establish factors that were strongly associated with the mortalities. Adjusted survival curves were added to compare the rate of occurrence of mortality
between males and females with age as a confounder. Statistical significance was set at a p-value below 0.05.
Results: 197 were found of which 100 % of participants had Type 2 diabetes mellitus and 63.5 % were males. Associated comorbidities included hypertension in
73.6 %, obesity in 66 %, alcohol use in 64.5 % and smoking in 58.4 %. 190 participants had an amputation and 19.3 % died.
Conclusion: DFS was more common in males and 96 % of the patients had an amputation. Mortality rate within 4 years following amputation was 19.3 % and was
higher in females and individuals with multiple comorbidities.
Introduction

Diabetes mellitus (DM) has become so prevalent that it is consuming a
significant portion of the healthcare budget [1–4]. Complications of DM
may involve the eyes, kidneys and the cardiovascular system [5–10].
Diabetes mellitus is one of the major risk factors of atherosclerosis and
vascular territories which are commonly affected are the cerebrovascu-
lar, coronary, mesenteric, renal and the lower extremities. Affectation of
the arterial system of the lower extremities in patients with DM is often
complex, multilevel and challenging to treat, and frequently lead to
major amputations [11] (see Fig. 2 and 3).

Diabetic foot sepsis is the main predisposing factor for amputation in
individuals with DM, especially in low and middle income countries
(LMICs) [12–14]. Worldwide, DM is the leading cause of non-traumatic
amputations. Motor and sensory neuropathy, vasculopathy and
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immunopathy combined make a foot of a DM patient prone to ulceration
[15–18]. Foot ulceration, if not detected andmanaged timeously, leads to
sepsis which may spread rapidly and end up with major lower extremity
amputation or even mortality [16,19].

Majority of lower extremity amputations due to DM are in LMICs.
Amputation is a life changing event in most of the patients as some are
not able to return to a productive life and close to 50 % die within 3 years
following the amputation [19,20]. Furthermore, acquisition of prosthesis
is a luxury which remains a theoretical dream for the majority of in-
dividuals residing in LMICs.

Prevention and management of diabetic foot ulceration and its com-
plications should be by a multidisciplinary team (MDT) as it reduces the
rate of major lower extremity amputations. Unfortunately, primary pre-
ventative strategies and MDT for management of foot ulceration and
subsequent infection in DM patients are almost non-existent in the
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Table 2
Breakdown of participants according to age groups and outcomes.

Age group 30–40 8 (4.1 %)
41–50 30 (15.2 %)
51–60 53 (26.9 %)
61–70 73 (37.1 %)
71–80 29 (14.7 %)
81–90 3 (1.5 %)
91–100 1 (0.5 %)

Post-operative status Alive 159 (80.7 %)
Demised 38 (19.3 %)

Death by gender Males 16 (42.1 %)
Females 22 (57.9 %)

Death by year 2016 7 (18.4 %)
2017 9 (23.7 %)
2018 9 (23.7 %)
2019 5 (13.2 %)
2020 8 (21 %)

Death by age 30–40 0 (0 %)
41–50 0 (0 %)
51–60 1 (2.6 %)
61–70 15 (39.5 %)
71–80 20 (52.7 %)
81–90 1 (2.6 %)
91–100 1 (2.6 %)
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majority of LMICs. The aim of the study was to determine the life ex-
pectancy of patients following amputation for DFS at a regional hospital
in a South African setting.

Patients and methods

This study was part of multidisciplinary research investigating the
model to reduce the rate of lower extremity amputation in individuals
with DM in the Gauteng Province of South Africa. We reviewed records of
all the patients who were admitted and treated for DFS from 1st January
2016 to 31st December 2020 at Leratong hospital, a regional health
institution in the west of Johannesburg. Data of patients who had
amputation associated with DFS was collected from the hospital files and
theatre records. Data retrieved included demographic information,
duration of DM, comorbidities, site of ulcer, severity of DFS, laboratory
results, in-hospital and death rate during follow-up. Occurrence of death
was confirmed with family members of the deceased using a structured
questionnaire, telephonically. Consent was obtained from patients tele-
phonically and the clinical manager of the health facility approved of the
access to the records. Ethics clearance for the study was received from the
Human Research Ethics Committee (Medical) of University of the Wit-
watersrand (M190563). We used StataSE version 17.0 edition to analyze
the data. Categorical data was summarized using percentages and
continuous data using the median or mean. Comparison of categorical
findings were compared using Chi-square or Fisher's exact and for
continuous data using t-test or Mann-Whitney test. Shapiro-Wilk test was
used to confirm normal distribution of continuous data. Multivariate
logistic regression was conducted to establish the strength of the asso-
ciation between the co-morbidities and mortality. Adjusted survival
curves (Kaplan Meier) were added to compare the rate of occurrence of
mortality betweenmales and females with age as a confounder. A p-value
below 0.05 was deemed significant.

Results

The total participants in the study were 197 and 83.2 % (164/197)
were blacks and 63.5 % (125/197) were males. All the participants had
type 2 DM. Occurrence of death could not be ascertained in three sub-
jects. The right lower limb was affected in 58.3 % (115/197) of the cases.
Hundred and ninety (96.4 %%:190/197) participants had an amputation
with 94.7 % being major amputations (Table 1).

Ninety-one (46.2 %: 91/197) of participants were below the age of 61
years. The overall mortality rate in the period of study was 19.3 % (38/
Table 1
Demography of participants who had diabetic foot sepsis (N ¼ 197).

Modality Category Number (%)

Participants Total 197 (100 %)
Gender Male 125 (63.5 %)

Female 72 (36.5 %)
Race Black 164 (83.2 %)

White 33 (16.8 %)
Laterization Right 115 (58.3 %)

Left 77 (39.1 %)
Bilateral 5 (2.6 %)

Site of ulcer Toe 15 (7.6 %)
Foot 147 (74.6 %)
Below knee 23 (11.6 %)
Above Knee 12 (6.2 %)

Clinical findings Septic 171 (86.8 %)
Wet gangrene 10 (5.1 %)
Dry gangrene 16 (8.1 %)

Type of Diabetes Type 1 0 (0 %)
Type 2 197 (100 %)

Outcome of limb Amputation 190 (96.4 %)
Salvaged 7 (3.6 %)

Type of amputation Major 10 (5.3 %)
Minor 180 (94.7 %)
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197) and 97.4 % (37/38) of the deaths were in participants aged above
60 years (Table 2).

Comorbidities among the participants included hypertension in
73.6 % (145/197) and obesity in 66 % (130/197) (Fig. 1).

Eighty-eight (70.4 %: 88/125) of the male participants compared to
54.2 % (39/72) of females had a history of alcohol use. The difference in
the rate of alcohol use among male and female participants was statis-
tically significant (p-value: 0.022). Records of 2 % (4/197) of the par-
ticipants showed that they were positive for human immunodeficiency
virus (HIV) (Table 3).

The average period to death of the participants who demised (38) was
1250 days, which when upscaled to the whole study population (197) the
average period to death was 395 days, equivalent to 1.1 years. Female
participants had a higher mortality rate (p: 0.009) compared to males
even though the study population had more males with DFS. Thirty-three
(86.8 %: 33/38) of the participants who died had at least two comor-
bidities. All the comorbidities including alcohol use and smoking had no
strong association with the mortality following multivariate logistic
regression (Table 4).

Additionally, in accounting for the influence to compare the survival
between males and females. Survival curves were drawn out using the
Kaplan Miere analysis, with an adjusted curve applying age as a
confounder.

From the analysis, the difference in the rate of occurrence to mortality
between the two groups was statistically significant in the first 25 days
post-amputation with a p.value:0.028. After that the difference bore no
significance.

Discussion

The aim of the study was to determine the average life-expectancy in
the patients who underwent minor or major amputation due to diabetic
foot sepsis. The overall mortality in the study was 19 %, which is similar
to the rate reported by Adeleye et al. (2020) in a study conducted in
Nigeria. Adeleye et al. reported a mortality rate of 21.4 % [21]. In other
similar studies Rigato et al. (2018) in a meta-analysis conducted in
multiple parts of Africa reported a mortality of 14 %, this was the same as
what Edo et al. (2013) reported in a study conducted in Benin (14 %
mortality) [22,23]. An Indonesian study observed a mortality rate of
10.7 % [24]. While on the other hand, Ekpebegh et al., in 2009 reported a
much higher mortality of 40.5 % in a single-center study conducted in
Lagos, Nigeria [25]. The mortality rate of 19 % in close to 5 years is far
lower than the predicted 50 % advanced by Walsh et al. (2016) [26].



Fig. 1. Prevalence of comorbidities in patients with DFS.

Fig. 2. Classic curve outlining the difference in the rate of mortality between males and female.
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Fig. 3. Adjusted survival curve outlining the rate in moratlity, confounded by age.
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Hoffman et al. (2015) found that 50 % of patients with DFS die within
three years post amputation [20].

Although as recorded there were more men in the study with DFS,
around 58 % of the mortalities occurred in women which is contrary to
previous findings of Panuda et al. (2019). In the study 64 % (32/49)
mortality was seen in males [27]. The likelihood of death after ampu-
tation for DFS is higher in patients who are above 60 years and/or have a
Table 3
Comparison of clinical findings and prevalence of comorbidities in male and
female participants who had DFS (N ¼ 197).

Variable Males Females P-value

Duration of diabetes 0.976
Median 6–42 2–46
Range in years
Clinical findings 0.572
Wet gangrene 7 (3.5 %) 3 (1.5 %)
Dry gangrene 12 (6.1 %) 4 (2 %)
Septic 106 (53.8 %) 65 (33.1 %)
Hypertension 0.315
Yes 95 (48.2 %) 50 (25.3 %)
No 30 (15.2 %) 22 (11.3 %)
Dyslipidaemia 0.905
Yes 51 (25.9 %) 30 (15.2 %)
No 74 (37.5 %) 42 (21.4 %)
HIV status 0.139
Positive 1 (0.5 %) 3 (1.5 %)
Negative 124 (62.9 %%) 69 (351 %)
Smoking 0.226
Yes 77 (39 %) 38 (19.3 %)
No 48 (24.3 %) 34 (17.4 %)
Alcohol 0.022
Yes 88 (44.7 %) 39 (19.8 %)
No 37 (18.8 %) 33 (16.7 %)
Obesity 0.161
Yes 78 (39.6 %) 52 (26.4 %)
No 47 (23.9 %) 20 (10.1 %)
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longer history of DM. Arag�on-S�anchez et al. (2014) and Costa et al.
(2017) also reported higher mortality following amputation in patients
older than 60 years [28,29]

Majority of the deaths in the study occurred in patients over 65 years.
The duration of DM also translated to an increased chance of death as
most of the deaths occurred in patients who had had the disease for more
than 10 years [21,30]. The average duration of DM in women was about
27 years compared to 22 years in males, which might have contributed to
the difference in the mortality rate between the two groups.

Though hypertension, dyslipidemia and the lifestyle habits (smoking,
alcohol) when studied independently had no significance in the outcome
of death. However, as a collective all comorbidities explored had a
positively significant relationship to death occurrence with a p-value:
0.0156. This is further proven in the study where 87 % (33/38) of the
demised patients had two or more of the above mentioned comorbidities.

Limitations

The data collected was mainly from hospital theatre records,
administration records, patient files and telephonic conversations of
family members to confirm the occurrence of death. The latter meant that
in some patients, the occurrence of death could not be confirmed. Due to
this limitation, some other essential data relating to patients' biochem-
istry results, classification of ulcers and treatment prescribed could not be
ascertained. This data, though not weighty in the aim of study, would
have been pivotal in the interrogation to determine patterns of associa-
tion to support the research question.

Secondly, it is a single centre study. The data and trends determined
are not reflective when scaled to a broader outlook. Though there is di-
versity in the demographics of the study, it is not large enough to capture
in accuracy and precision the confidence to institutionalize the conclu-
sions. This is a more microscopic view which in principle could add to a
more greater outlook.



Table 4
Multivariate logistic regression for the influence of comorbidities on the occurrence of morality.

Logistic regression Number of obs ¼ 197

LR chi2 (8) ¼ 18.87

Prob > chi2 ¼ 0.0156

Log likelihood: �87.171463 Pseudo R2 ¼ 0.0977

Death Yes1 No0 odds ratio Std. err. z P>|z| 95 % conf. interval

Age 0.91 0.03 �3.08 0.002 0.85–0.96
Gender M1F0 0.35 0.14 �2.62 0.009 0.16–0.77
Duration of diabetes in years 1.11 0.05 2.35 0.019 1.02–1.22
Hypertension Yes1No0 1.81 0.87 1.25 0.210 0.71–4.63
Smoking Yes1No0 1.03 0.40 0.07 0.947 0.48–2.20
Alcohol Yes1No0 1.40 0.58 0.81 0.418 0.62–3.18
Obesity Yes1No0 0.84 0.36 �0.40 0.686 0.37–1.9
Hyperlipidaemia Yes1No0 0.84 0.34 �0.43 0.665 0.3743741–1.871428
_cons 12.30 17.02 1.81 0.70 0.8173196–185.2319

Note: _cons estimates baseline odds.
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Conclusion

Common comorbidities included hypertension, obesity and dyslipi-
demia; with each being concurrent in at least 50 % of the patients. At
least 20 % of patients with DM smoke cigarettes and drink alcohol. Over
97 % admitted for DFS end up with an amputation. Around 19 % of the
patients who are admitted and get an amputation die within 4 years
following surgery. Although DFS is more common in men, close to 60 %
of mortalities occur more in women.

Recommendation

The study was retrospective and some of the records might have been
missed. Outcomes of single-centre studies are not accurately represen-
tative to the entire population. So, as a more ambitious intent to reach a
broader representation, multiple centres within different regions could
conduct a similar study such that a meta-analysis could be set. This would
be beneficial in showing trends of similarity and how from this, just as
within the greater study to reduce amputations, could give insight to-
ward the initiation and application of a preventive method to achieve the
desired outcome.
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