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Abstract

Background: Diabetic foot ulcers (DFU) are associated with high morbidity and mortality globally. Mortality in
patients hospitalized for DFU in Nigeria is unacceptably high. This study was undertaken to determine factors that
predict mortality in patients hospitalized for DFU in Nigeria.

Methods: The current study was part of Multi-centre Evaluation of Diabetic Foot Ulcer in Nigeria (MEDFUN), an
observational study conducted in six tertiary healthcare institutions across the 6 geopolitical zones of Nigeria.
Consecutive type 1 or 2 diabetic patients hospitalized for DFU who consented to participate were recruited and
subjected to relevant clinical, biochemical, and radiological assessments and multidisciplinary care until discharge or
death. Data for type 1 diabetes mellitus (DM) patients were expunged from current mortality analysis due to their
small number.

Results: Three hundred and twenty-three type 2 DM subjects with mean age and mean duration of DM of 57.2 +
114 years and 8.7 + 5.8 years respectively participated in this study. The median duration of ulcers was 39 days with
a range of 28 to 54 days and the majority (79.9%) presented with advanced ulcers of at least Wagner grade 3.
Mortality of 21.4% was recorded in the study, with the highest mortality observed among subjects with Wagner
grade 5.

Variables significantly associated with mortality with their respective p values were DM duration more than 120
months (p 0.005), ulcer duration > 1 month (p 0.020), ulcer severity of Wagner grade 3 and above (p 0.001),
peripheral arterial disease (p 0.005), proteinuria (p < 0.001), positive blood cultures (p < 0.001), low HDL (p < 0.001),
shock at presentation (p < 0.001), cardiac failure (p 0.027), and renal impairment (p < 0.001). On Multivariate
regression analysis, presence of bacteraemia (OR 5.053; 95% Cl 2.572-9.428) and renal impairment (OR 2.838; 95% Cl
1.349-5.971) were significantly predictive of mortality independent of other variables.

Conclusions: This study showed high intra-hospital mortality among patients with DFU, with the majority of deaths
occurring among those with advanced ulcers, bacteraemia, cardiac failure, and renal impairment. Prompt attention
to these factors might help improve survival from DFU in Nigeria.
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Background

Diabetic foot ulcer (DFU) is one of the most debilitating
chronic complications of diabetes mellitus (DM) and its
prevalence is increasing exponentially across the globe.
The number of people with diabetes worldwide is cur-
rently estimated to be 425 million with this number pro-
jected to increase to 629 million by year 2045 [1].The
implication of this increase is a corresponding rise in mi-
cro and macrovascular complications of the disease.
Every thirty seconds, a lower limb or part of it is lost to
amputation as a consequence of diabetes globally [2].
Diabetic foot ulcer is characterized by poor short and
long term survival especially when associated with other
microangiopathic comorbidities [2—6]. Mortality in hos-
pitalized diabetic patients with DFU is quite considerable
compared to those without. One of the commonest
causes of death among hospitalized diabetic patients is
DFU. Mortality due to DFU was reported to be 14% in
Africa and 40.5% in a cohort of Nigerians [7-9]. Al-
though there is the paucity of data regarding the factors
associated with intra-hospital mortality in Nigerian pa-
tients with DFU, reports from other parts of the world
indicate that lower extremity amputation (LEA) con-
ferred a higher risk of mortality [6]. Malnutrition, con-
firmed using a geriatric nutritional assessment risk index
was found to be associated with higher mortality among
patients admitted for DFU in concert with older age and
reduced glomerular filtration rate [10, 11].The Site of
osteomyelitis (hind versus mid/forefoot) was a determin-
ant of higher mortality in a cohort of DFU patients in
Arezzo, Italy [12]. Other factors that promote the higher
risk of mortality in patients hospitalized for DFU are a
raised white cell and neutrophil count, ulcer severity at
presentation and anemia [7, 13, 14]. Given the currently
unacceptably high mortality in patients admitted for
DFU in Nigeria [7], it is important to identify contribu-
tory factors which will predict outcome in this group of
patients. Identification of these factors will enable opti-
mized management strategy and stem this tide of high
DFU related mortality. Prognostic predictors will identify
patients in need of more intensive monitoring and treat-
ment. This study is to document those factors associated
with mortality in patients admitted for DFU in Nigeria.

Methods

This analysis is from The Multi-centre Evaluation of
Diabetic Foot Ulcer in Nigeria (MEDFUN), an observa-
tional study, which was conducted across Nigeria, from
March 2016 to April 2017. The centres included Lagos
State University Teaching Hospital (Southwest Nigeria),
Enugu State University Teaching Hospital (Southeast
Nigeria), Aminu Kano Teaching Hospital (Northwest
Nigeria), Ahmadu Bello University Teaching Hospital
Zaria (Northwest Nigeria), Federal Medical Centre Keffi
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(North Central Nigeria) and Federal Medical Centre
Umuahia (Southeast Nigeria). Consecutive type 1 and
type 2 diabetic patients hospitalized for DFU during the
study period, and who gave verbal consent were re-
cruited by convenience sampling method. Approval of
the study protocol was obtained from the local Research
and Ethics committee of each of the hospitals.

A detailed protocol of the MEDFUN study has been
published elsewhere [15]. Socio-demographic informa-
tion and relevant clinical history of eligible and consent-
ing subjects were obtained and documented in case
report forms designed for the study [15].

The evidence of wound infection was defined as stated
by the International Working Group on Diabetic Foot
(IWGDF) guideline mainly; the presence of purulent ex-
udates or any two or more of the following: foul smell,
local warmth, peri-wound edema, peri-wound redness,
pain or tenderness on palpation and fever [16]. Ulcer se-
verity was classified according to Wagner grading of foot
ulcers [17]. Peripheral neuropathy was present if there is
the loss of pressure sensation in the feet to Semmes-
Weinstein 10 g monofilament test or reduced vibration
sense utilizing 128 Hz tuning fork. The presence of per-
ipheral artery disease (PAD) and its severity was de-
tected based on - the inability to palpate the dorsalis
pedis and/or posterior tibial artery pulsations, or arterial
narrowing above 50 % on Doppler ultrasonography of
the lower limbs, and ankle-brachial index classified as
mild (0.81-1), moderate (0.5-0.8), and severe(<0. 5)
[18] respectively.

The subjects were also evaluated for co-morbidities
and presence of DFU related complications including
shock (defined as evidence of circulatory failure or blood
pressure less than 90/60 mmHg), hypoglycaemia (ran-
dom capillary blood glucose <70mg/dl), anaemia
(haemoglobin concentration <12 g/dl for women and
less than 13 g/dl for men), hyperglycaemic emergency
(random capillary blood glucose >450 mg/dl with evi-
dence of fluid depletion and/or metabolic acidosis),
stroke, hypertension, cardiac failure, and renal impair-
ment. The latter was diagnosed if serum creatinine was
above 1.5 mg/dl or 132 umol/liter.

Laboratory investigations conducted for each partici-
pant include glycated haemoglobin (HbAlc), urine pro-
tein, serum creatinine, complete blood count, blood
culture, ulcer specimen culture, plain radiograph of the
foot, and lipid parameters (total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C) and triglycerides.

Each participant was managed according to the stand-
ard protocol of the multi-disciplinary diabetic foot care
team in each of the study centres. These protocols which
were essentially similar across the different centres in-
clude fluid and electrolyte balance, optimum glycaemic
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control with individualized insulin regimen, wound de-
bridement and dressings as needed, control of wound in-
fection and/or bacteraemia, and limited amputation.
Patients were followed up till discharge or death and the
outcome of hospitalization was documented. Outcome
variables of interest were the duration of hospitalization,
wound healing, amputation, and death. The current art-
icle was developed from a sub-analysis of mortality data
from the MEDFUN study.

Statistical analysis

Data were analysed with the Statistical Package for So-
cial Sciences (IBM version 23.0; SPSS Inc., Chicago, IL,
USA). Numbers and percentages or means and standard
deviations were determined for nominal and continuous
variables respectively. After excluding subjects who dis-
charged from the hospital against medical advice, uni-
variate logistic regression was conducted for variables of
interest to evaluate individual association with mortality
by calculating the unadjusted odds ratios (ORs) and 95%
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confidence intervals (CI). The variables shown to signifi-
cantly predict mortality at this univariate level of analysis
were then simultaneously subjected to a stepwise back-
ward multivariate regression, relying on the Hosmer-
Lemeshow goodness of fit test for model reliability. Stat-
istical significance was assumed at P < 0.05.

Results

A total of 336 patients consisting of 13 type 1 DM and
323 type 2DM subjects participated in the study. How-
ever, due to this small number (3.9%), type 1 DM sub-
jects were excluded from this analysis. Therefore, data
for 323 subjects (54.2% males) with type 2 diabetes are
hereby presented. Their mean age was 57.2 + 11.4 years
and mean duration of DM was 8.7 + 7.8 years. The ma-
jority of the subjects (71.5%) did not access routine dia-
betes care at the study centres and glycaemic control
was generally poor with mean HbA1lc of 9.6 +2.0%. The
median (IQR) duration of ulcer before presentation was
39 (28-54) days and 77.1% of ulcers were already

Table 1 Socio-demographic and clinical characteristics of the subjects. Data are presented in n (%) or mean + SD. *Data are in

median (Interquartile range)

Variable Overall
Age (years) 572+114
Gender (male) 175 (54.2%)
Diabetes duration (years) 87+58
Glycated haemoglobin (%) (n = 284) 96+20

Receiving diabetes care at the study centres prior to admission
Ever received foot care education since diagnosis of diabetes
Cigarette smoking (current smokers)
Duration of ulcer before admission (days)
Previous history of ulcer
Presence of wound infection
Ulcer grade (Wagner)
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Co-morbid complications
Hypertension
Shock
Anaemia
Hyperglycaemic emergency
Hypoglycaemia
Cardiac failure
Renal impairment

Stroke

2 (28.5%)
81 (25.1%)
14 (43)
39 (28-54)
91 (28.2%)
249 (77.1%)

12 (3.7%)
53 (16.4%)
82 (25.4%)
122 (37.8%)
54 (16.7%)

191 (59.1%)
40 (12.4%)
176 (54.5%)
118 (36.5%)
40 (12.4%)
3 (7.1%)
65 (20.1%)
2 (9.9%)
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infected. Ulcers were adjudged advanced (Wagner
grade > 3) in 79.9% of the subjects. Other sociodemo-
graphic and clinical characteristics of the study subjects
are shown in Table 1.

Figure 1 shows the admission outcomes in the study
population. Sixty-nine subjects (21.4%) died during
hospitalization while the rest of the population were ei-
ther discharged after achieving satisfactory wound heal-
ing and clinical recovery (67.8%) or discharged against
medical advice (10.8%). Subjects who discharged against
medical advice shared similar characteristics with those
who stayed throughout the admission (data not shown)
and the commonest reason for opting out of care was
the refusal of amputation (48.6%) followed by financial
constraint (42.9%).

Mortality increased with ulcer grade, with the highest
mortality recorded among subjects with Wagner grade 5
ulcers (Fig. 2). Demographic variables that were signifi-
cantly related to mortality are presented in Table 2.
Mortality was significantly higher among the elderly
population aged 65 and above (OR 3.6, P 0.045), those
with ulcer duration longer than 30days (OR 2.2, P
0.020), and those with Wagner grade 3 ulcer and above
(OR 7.6, P 0.001). Others include longer duration of DM
(P 0.005), peripheral artery disease (P 0.005), and foot
gangrene (P < 0.001).

As shown in Table 3, subjects who had proteinuria
(P <0.001), bacteraemia (P < 0.001), moderate (P 0.002)
or severe (P<0.001) sonographic vascular stenosis, and
low HDL cholesterol (P<0.001) had significantly in-
creased odds of intra-hospital mortality. Mortality was
not significantly related to long term glycaemic control
as determined by the level of glycated haemoglobin (P
0.374).

Among the co-morbidities that were evaluated, pres-
entation in shock (OR 4.0, P < 0.001), cardiac failure (OR

W Survived
Died
DAMA

Fig. 1 Outcome of diabetic foot ulcer admissions in Nigeria.
DAMA = Discharged against medical advice
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2.8, P 0.027), or renal impairment (OR 4.5, P<0.001)
were the variables that significantly predicted mortality.
Neither hyperglycaemia (P 0.127) nor hypoglycaemia (P
0.240) significantly predicted mortality (Table 4).

On multivariate regression, the presence of bacter-
aemia and renal impairment were independent predic-
tors of mortality in the study population (OR 5.1, P<
0.001 and OR 2.8, P < 0.006 respectively) (Table 5).

Discussion

Diabetic foot ulcers are responsible for considerable
morbidity and mortality of diabetic patients. Both hospi-
talized and patients attending ambulatory care settings
who have DFUs are shown in worldwide studies to have
higher mortality rates than patients without [19, 20].
Identification of factors that contribute to this high mor-
tality — the focus of this article - may go a long way in
improving survival in patients with DFU.

Intra-hospital mortality of 21.4% was recorded in this
observational study. This finding is higher than what
was reported previously, both within and outside
Nigeria. For instance, Edo et al. [21] reported a mortality
rate of 14% in Benin (Southern Nigeria). Similarly,
Rigato et al. in a meta-analysis of studies conducted in
many parts of Africa reported a mortality of 14% [9], an
Indonesian study observed mortality rate of 10.7% [22],
while much lower mortality rates of 4 and 2% were re-
spectively reported in Manchester, England [23] and the
United States (US) [24]. On the other hand, Ekpebegh
et al. [7] in 2009 reported a much higher in-hospital
mortality of 40.5% in a single-center study conducted in
Lagos, South-western Nigeria. These observations sug-
gest that although there are wide geographical variations
in DFU-related mortalities, they appear to be worri-
somely higher in Nigeria than in most parts of the world.
Several reasons may account for the disproportionately
high mortality observed in this study. First, the majority
of the patients (72%) enrolled in this study did not ac-
cess routine diabetes care at the study centres but were
referred from primary and secondary health facilities
which are usually lacking in requisite expertise and facil-
ities. Secondly, delay in hospital presentation is another
plausible explanation for this observed mortality. For in-
stance, we observed that subjects with ulcer duration
longer than 1 month had more than twice the odds of
dying than those with a shorter duration of ulcer. It is a
fact that the longer an ulcer lasts, the higher the likeli-
hood of wound infection that may progress to sepsis.
This notion is supported by the fact that sepsis, as evi-
denced by positive blood culture, remained as an inde-
pendent predictor of mortality after adjusting for other
confounding variables in the study by Nanna Panday
et al. [25] The much lower mortality in the fore men-
tioned studies from Manchester and the US may reflect
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* Frequency

Grade 1 Grade 2

Fig. 2 Mortality and grade of ulcer
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Ulcer grades (Wagner)

® Mortality

Grade 4 Grade 5

the impact of an advanced healthcare system available in
these countries on disease outcomes.

In this study, we found that age was significantly asso-
ciated with mortality, with the highest mortality re-
corded among individuals 65 years and above. Foryoung
et al. in Cameroon, Boyco et al. in the US, Katz et al. in
Israel and Lynar et al. in Australia reported similar find-
ings [5, 11, 26, 27]. This finding may be explained by the
fact that the prevalence of medical comorbidities that
may lead to organ dysfunctions and death tend to in-
crease with advancing age. Furthermore, micro and
macrovascular diabetes complications are usually more
life-threatening when they present in older than younger
persons. It has been previously observed that diabetes in
older adults is linked to higher mortality, reduced func-
tional status, and increased risk of institutionalization
[28]. On the contrary, some researchers did not observe
any association between age and DFU-related mortality
[23]. The observed relationship between age and mortal-
ity however disappeared on multivariate analysis, sug-
gesting that the effect of advancing age on DFU-related
mortality is indirect, probably through other diabetes
complications. This view is supported by the fact that
the presence of some co-morbid complications such as
shock, cardiac failure, and renal impairment was signifi-
cantly associated with increased mortality in our study.
It is also noteworthy that the mean age of those hospita-
lised for DFU in this study (57.2 £+ 11.9yrs.) belongs to
the working-age population, in contrast to what obtains
in developed nations where the elderly (70years and
above) predominate [4]. The public health implication is

that this may contribute to the depletion of the Nigerian
labour force with the resultant negative effect on na-
tional output and national income.

We observed a proportional increase in mortality with
increasing ulcer grade in this study. For instance, sub-
jects with advanced Wagner grade ulcers (> grade 3)
were almost eight times more likely to die compared to
those with lower grade ulcers. This is not surprising
since higher Wagner foot ulcer grade indicates more ad-
vanced disease and increased probability of sepsis which
could predispose the patient to multi-organ dysfunction.
An earlier Nigerian study also observed increased mor-
tality in patients who presented with Wagner grade 4
and 5 ulcers [7]. In contrast, Jeraman et al. [19] did not
find an association between Wagner grade and mortality
probably because a higher percentage of the study sub-
jects presented with Wagner grade 1 and 2 ulcers. It is
also noteworthy, that the observed association between
Wagner grade and mortality in our study was not inde-
pendent of other variables as ulcer grade failed to
emerge as a significant predictor of mortality when con-
trolled for other potential predictors in multivariate ana-
lysis. The low frequency of Wagner grade 1 ulcer and
corresponding higher mortality of this subset than Wag-
ner grade 2 recorded in this study may be a result of the
drawback of the Wagner grading system’s inability to ad-
dress ischemia and infection which were contributors to
mortality in this study [29].

Gender was not observed to significantly influence
mortality, neither was cigarette smoking status. How-
ever, a longer duration of DM was a significant predictor
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Table 2 Relationship between demographic and clinical variables and mortality. Data are in n (%)

Outcome P value OR 95% C. | for
Died Survived OR
n (%) n (%)
Age group (years)
Elderly (= 65) 23 (29.5) 55 (70.5) 0.045 3.624 1.997-13.171
Middle-aged (45-64) 43 (23.8) 138 (76.2) 0117 2.700 0.779-9.361
Young (< 45) 3(103) 26 (89.7)
Gender
Male 40 (25.6) 116 (74.4) 0467 1.225 0.709-2.116
Female 29 (22.0) 103 (78.0)
Cigarette smoking
Ex 8 (23.5) 26 (76.5) 0.873 0933 0401-2.172
Current 1(83) 11 (91.7) 0222 0276 0.035-2.181
Never 60 (24.8) 182 (75.2)
DM duration (months)
<120 42 (19.7) 171 (80.3) 0.005 0437 0.245-0.780
>120 27 (36.0) 48 (64.0)
Ulcer > 1 month
Yes 56 (27.9) 145 (72.1) 0.020 2.198 1.130-4.276
No 13 (149 74 (85.1)
Ulcer grade (Wagner)
= grade 3 66 (28.8) 163 (71.2) 0.001 7.558 2.285-24.999
< grade 3 3(5.) 56 (94.9)
Neuropathy
Yes 52 (234) 170 (76.6) 0.697 0.882 0.468-1.661
No 17 (25.8) 49 (74.2)
Peripheral artery disease
Yes 46 (30.9) 103 (69.1) 0.005 2.252 1.278-3.969
No 23 (16.5) 116 (83.5)
Foot Gangrene
Yes 59 (383) 95 (61.7) <0.001 7.701 3.743-15.846
No 10 (7.5) 124 (92.5)
Wound infection
Yes 58 (26.1) 164 (73.9) 0.117 1.768 0.867-3.608
No 11.(16.7) 55 (83.3)
Previous foot ulcer
Yes 23 (27.1) 62 (72.9) 0426 1.266 0.709-2.262
No 46 (22.7) 157 (77.3)
Amputation
Yes 30 (27.8) 78 (72.2) 0.240 1.391 0.802-2.411
No 39 (21.7) 141 (78.3)
of mortality. A similar finding was also reported by Mar- We observed that the presence of peripheral arterial

tins Mendez et al. [30] Long duration of DM is associ-  disease, as well as foot gangrene, were significant predic-
ated with the development of micro and macrovascular  tors of death. Subjects with gangrene had eight times
complications and death [31]. higher probability of death than those without. There
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Table 3 Relationship between laboratory and radiologic indices
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Table 4 Relationship between co-morbid complications and

and mortality mortality
Outcome Pvalue  OR 95% C. | for Outcome P value OR 95% C. | for
Died Survived OR Died Discharged OR
n (%) n (%) n (%) n (%)
Proteinuria Hypertension
Yes 39 (364) 68 (63.6) <0.001 2927 1672-5123 Yes 42 (23.6) 136 (76.4) 0.854 0.949 0.545-1.654
No 29 (164) 148 (83.6) No 27 (24.5) 83 (75.5)
Glycemic control Shock at presentation
Good 2(133) 13 (86.7) 0374 0502 0.110-2.291 Yes 19 (50.0) 19 (50.0) < 0.001 4.000 1.927-8.115
Poor 57 (235) 186 (76.5) No 50 (20.0) 200 (80.0)
Blood culture Anaemia
Positive 37 (487) 39(513) <0.001 5337 2856-9.972 Yes 44 (28.6) 110 (71.4) 0.051 1.744 0.998-3.046
Negative 24 (15.1) 135 (84.9) No 25 (18.7) 109 (81.3)
Osteomyelitis Hyperglycaemic emergency
Yes 20 (26.3) 56 (73.7) 0350 1.341  0.725-2483 Yes 30 (29.1) 73 (70.9) 0.127 1.538 0.885-2.674
No 41 (21.0) 154 (79.0) No 39 (21.1) 146 (78.9)
Vascular Stenosis Hypoglycaemia
Severe 12 (375) 20 (62.5) 0.002 4114 1.657-10.213 Yes 12 (31.6) 26 (684) 0.240 1.563 0.742-3.292
Moderate 25 (40.3) 37 (59.7) <0.001 4633 2.175-9.870 No 57 (22.8) 193 (77.2)
Mild 15 (214) 55 (786) 0125 1870 0.840-4.163 Stroke
None 14 (12.7) 96 (87.3) Yes 9(31.0 20 (69.0) 0.349 1.492 0.646-3.450
Total cholesterol No 60 (23.2) 199 (76.8)
High 25(20.5) 97 (79.5) 0.733 0897 0480-1.676 Cardiac failure
Normal 25(23) 87 (77.7) Yes 9 (45.0) 11 (55.0) 0.027 2.836 1.123-7.164
LDL Cholesterol No 60 (22.4) 208 (77.6)
High 29 (22.1) 102 (77.9) 0746 1110  0.590-2.089 Renal impairment
Normal 21 (204) 82 (79.6) Yes 29 (49.2) 30 (50.8) < 0.001 4543 2459-8.395
HDL Cholesterol No 40 (17.5) 188 (82.5)
Low 54 (342) 104 (658) <0.001 6305 2.728-14574
Normal 7 (7.6) 85 (92.4) Laboratory indices that were predictive of mortality in
Triglycerides the cohort of patients in this study include proteinuria,
Abnormal 19 202) 75 (798) 0745 0899 04731708  Positive bloF)d cultures, ‘and lo‘w‘ HDL‘ cholesterol. In a
meta-analysis of randomized clinical trials of type 2 DM,
Normal 31 (220) 110 (78.0)

was also a significant association between the severity
of PAD as detected on vascular imaging and mortal-
ity, such that subjects with moderate or severe sten-
osis had significantly higher odds of death compared
to those with mild or no stenosis. Peripheral arterial
disease in DFUs has been reported to be associated
with severe adverse outcomes, which include the
lower probability of healing, prolonged healing times,
increased incidence of ulcer recurrence, amputations,
and higher mortality [32, 33]. Presence of PAD may
also be a pointer to atherosclerosis in other vessels
including coronary vessels, which place such patients
at higher risk of myocardial infarction and sudden
cardiac deaths.

selection for renal disease which was defined by either
decline in renal function or presence of proteinuria sig-
nalled important mortality risk [34]. Furthermore,

Table 5 Multivariate predictors of mortality

Variable B Pvalue OR 95% C. | for OR

Lower  Upper

Age =45 1.018 0.145 2768 0703  10.903
Ulcer > 1 month duration  0.555 0.168 1742 0791 3835
Peripheral artery disease 0315 0.383 1370 0675 2778
Positive blood culture 1620 <0.001 5053 2572 9928
Anaemia 0.020 0954 1.020 0513 2031
Cardiac failure 0.771 0202 2161 0661  7.067
Renal impairment 1.043 0.006 2838 1349 5971




Adeleye et al. BMC Endocrine Disorders (2020) 20:134

Aragon-Sanchez et al. reported albuminuria, anaemia,
and leukocytosis as predictors of in-hospital mortality in
patients admitted for DFU [35].

Positive blood culture is indicative of sepsis and the at-
tendant systemic inflammatory response which carries a
high risk of thromboses and organ dysfunction which
have been associated with higher mortality in sufferers
both generally and specifically in those with DFUs [36,
37].

Although diabetic patients with DFU have been ob-
served to have a higher prevalence of cardiovascular risk
factors such as hypercholesterolemia, hypertriglyc-
eridemia, hyperuricemia, and proteinuria [38], our obser-
vation of an association between mortality in
hospitalized patients with DFU and low HDL cholesterol
appears to be novel. Diabetes mellitus is associated with
low HDL which is an established risk factor for cardio-
vascular disease in diabetic patients [39]. Furthermore,
cardiovascular disease is reported to be the most preva-
lent cause of death in diabetic patients [40, 41].

Co-morbid conditions that predicted mortality in this
study were cardiac failure, shock, and renal impairment.
Diabetic patients have a greater than a two-fold risk of
developing cardiac failure and the prognosis is worse in
diabetic patients [42], which may explain the association
between cardiac failure and mortality in this study. The
impact of shock on mortality is well documented. It in-
hibits the perfusion of vital organs. Sang WookYi [43] in
a Korean study reported an association between low sys-
tolic blood pressure and vascular mortality. Similarly,
Tringali described an association between reduction in
diastolic blood pressure below 70 mm of mercury and
all-cause mortality [44]. Renal impairment persisted as
an independent predictor of mortality on multivariate
analysis. The association between mortality and renal
impairment may be multifactorial, namely worsening
nephrotoxicity from antibiotherapy as well as the under-
lying cause which in the setting of hospitalization for
DFU may be sepsis. Furthermore, renal impairment may
contribute directly to mortality in the diabetic patient by
promoting cardiovascular risk factors such as hyperten-
sion, insulin resistance, oxidative stress, endothelial dys-
function, and inflammation.

A recent study from Saudi Arabia reported similar
findings of nephropathy being an independent risk factor
for all-cause mortality among patients with diabetic foot
complications [6].Given the high mortality of hospital-
ized DFU patients in our setting, identification of the
above-stated prognosticators is crucial to guide strategies
for improved outcomes.

Conclusions
This study demonstrated that intra-hospital mortality
from DFU in Nigeria is high and is related to many local
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and systemic variables. Ulcer-related determinants of
mortality were longer duration of ulcer before
hospitalization, higher Wagner grades (> 3) and foot
gangrene; while systemic factors that significantly pre-
dicted mortality include older age, longer diabetes dur-
ation, peripheral artery disease, shock, bacteraemia, renal
impairment, low HDL- cholesterol, and cardiac failure.
Renal impairment and bacteraemia were independent
determinants of mortality.

Future studies need to explore the benefits of prompt
attention to some of these identified factors to reduce
DFU-related mortality in Nigeria. In the interim, patient
education on the importance of early presentation of
foot lesions to the hospital needs to be pursued. There is
also a need to focus more attention on primary and sec-
ondary level hospitals as our study suggests that most
patients hospitalized for DFU across Nigerian tertiary
hospitals access diabetes care at these lower cadres of
healthcare delivery. Training of the health care practi-
tioners at this level on risk factor identification for foot
ulcers, prompt management of foot lesions, and timely
referral to multi-disciplinary specialist care centres
might go a long way in stemming the current tide.

Limitations of this study

The mortality rate observed in this study may not repre-
sent the actual figures since the outcome in about 10%
who discharged against medical advice could not be
ascertained. However, since nearly half of those patients
opted out of care due to refusal of amputation, indicat-
ing that they had advanced ulcers and therefore in-
creased risk of mortality, our finding might have
underestimated the actual reality. Secondly, the impact
that variations in expertise and facilities in the partici-
pating study centres had on our findings cannot be de-
termined. Thirdly, the possibility that other co-
morbidities that were not evaluated for influenced the
findings in this study cannot be ruled out. Lastly, like in
all cross-sectional studies, it is impossible to establish a
cause and effect relationship in this study.
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