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Predictors of Outcomes of Foot Ulcers among Individuals
with Type 2 Diabetes Mellitus in an Outpatient Foot Clinic
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Abstract

Objectives. To determine the risk factors for recurrence and persistence of non-healing foot ulcers resulting in minor and
major amputations.

Methodology. This was an ambispective cohort analysis of persons with diabetic foot ulcers consulting at the diabetic foot
clinic of East Avenue Medical Center. Data were analyzed through multiple logistic regression.

Result. Two hundred sixteen patients with Type 2 Diabetes Mellitus and diabetic foot ulcers were included in the analysis;
50.9% were males and the mean age of the cohort was 55.8 + 9.9 years. Outcomes of foot ulcers were: healed 44.5%
(healed with no recurrence 30%, healed but with recurrence 14.5%) and not healed 55.5% (major amputation 11%,
minor amputation, 21.5%, and persistently non-healing 23%). Multivariate logistic regression showed the following were
independent risk factors for persistent non-healing ulcer: osteomyelitis (OR 66.5; Cl 19.7, 217.8), smoking (OR 28.9; ClI
6.8, 129.3, and peripheral arterial disease (PAD) (OR 56.8; Cl 2.5, 877.2). Independent risk factors for ulcer recurrence
were: plantar location of ulcer (OR 16.8; Cl 6.8, 89.4), presence of more than one ulcer (OR 7.8; Cl 3.6,31.6), and
neuropathy (OR 11.2; ClI 7.2, 19.9). For healed foot ulcers, mean healing time was 14 + 3 weeks. Healing time was
significantly reduced from 12 weeks to 4.5 weeks (p<0.001) if patients consulted earlier (within 4 weeks from sustaining
an ulcer).

Conclusion. Only half (55%) of patients with diabetic foot ulcers consulting in a dedicated outpatient foot clinic had an
adverse outcome of foot ulcers (major amputation 11%, minor amputation, 21.5%, and persistently non-healing ulcer
23%) while a small portion (14.5%) of patients had recurrent foot ulcers. Arterial obstruction, smoking, low hemoglobin,
neuropathy, and osteomyelitis increase the likelihood of healing failure while the presence of multiple ulcers, plantar

location of ulcers, and neuropathy increase the risk of ulcer recurrence.
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INTRODUCTION

Foot ulcerations are still the leading cause of limb
amputations in persons with diabetes.! In South East Asia,
major amputation rates vary from as low as 9% to as high
as 56%; while minor amputation rates are estimated at 27%
and mortality from diabetic foot ulcers can be as high as
11%.>* Internationally, major amputation rates vary - the
major amputation rate in Pakistan was 14% while it was
only 10.7% in the UK. These studies were both done in
a dedicated outpatient foot clinic.*> Ulcer recurrence is
also a serious outcome next to amputations, and two
important risk factors for ulcer recurrence are peripheral
vascular disease and ulcer location. Patients with an ulcer
on the plantar surface of the big toe are more likely to
have recurrent ulcers.® The healing time of diabetic foot
ulcers vary from as short as 52 days to as long 78 days.
Factors that affect time of healing are Wagner staging,
bacterial infection, osteomyelitis, and peripheral arterial
disease (PAD).>” Finally, ulcers may also fail to heal — risk
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factors associated with persistent ulcers are longer wound
duration, number of ulcers, presence of infection, Wagner
stage, age of patient, dialysis therapy, and peripheral
vascular disease.”

In the Philippines there are no published foot ulcer related
outcome studies done in dedicated outpatient foot clinics
to date. However, numerous inpatient studies have shown
major amputation rates as high as 56%. Predictors for major
amputation include neuropathy, PAD, severity of ulcer
staging, longer duration of diabetes, smoking, delayed
consultation, delayed administration of antibiotics, and
delayed surgical management.®'?

Data collected from this study will be used to aid clinicians
to properly identify patients at risk for amputations and
adverse foot outcomes so early referral to a diabetic foot
clinic may be immediately done. Likewise, patients at risk
for recurrence will be monitored more intensively and
home routine foot care is taught at first consult.

Corresponding author: Roy Raoul H. Felipe, MD
Section of Endocrinology, Diabetes and Metabolism,
Department of Medicine, East Avenue Medical Center
East Avenue, Quezon City, Philippines 1100

Tel. No.: +632-89280611

ORCiD: https://orcid.org/0000-0003-3255-9821

www.asean-endocrinejournal.org 189

| This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/). |




190 Roy Raoul Felipe, et al

The East Avenue Medical Center is the only tertiary
government hospital in the Philippines to have a dedicated
out-patient foot clinic (established in 1996). The goal of
the clinic is to lower extremity amputation prevention by
doing high risk foot screening, regular annual foot exam
and applying standards of care for diabetic foot ulcers
like off-loading, antibiotic therapy, weekly debridement
and wound dressings.

The objective of the study was to determine the risk factors
for foot ulcer recurrence and complications such as major
amputation, minor amputation, or persistent ulceration.
As a secondary objective, this study aimed to identify
factors associated with healing time (defined as the number
of weeks until complete epithelialization).

METHODOLOGY

The outpatient treatment of foot ulcers is done at the
diabetic foot clinic of East Avenue Medical Center in
Quezon City, Philippines - which is managed by an
endocrine consultant and four endocrine fellows working
in collaboration with orthopedic and vascular surgeons. The
clinic sessions are held once a week. Patient management
follows standards of care as given by international
recommendations.”” Upon consult patients are evaluated
by etiology, presence of infection, and limb threatening/
life threating state. Those with limb threatening infection,
extensive osteomyelitis, or needing major amputation or
revascularization are subsequently admitted. Appropriate
antibiotics are prescribed according to severity of infection;
sharp debridement is done to remove gangrene and slough
tissue; ulcer dressings and autolytic ointments are given
by taking into consideration the wound bed, presence
of granulation tissue, and degree of exudation. Patients
are educated on off-loading, and follow-up is scheduled
weekly at the minimum.

This was an ambispective study and ulcer outcomes were
defined 1 year after initial consult. The retrospective
cohort arm reviewed all charts from 2014-2017. For the
prospective arm, patients consulting at the Out-Patient
Foot Clinic recruited consecutively from January 2018
to May 2018 and were followed up for 1 year. Informed
consent was obtained and privacy and confidentiality were
emphasized. Individual case record forms contained only
the initials of patient plus the code numbers assigned.
Approval was obtained from the Institutional Ethics
Review Board.

Inclusion criteria include: All adult patients, 18 years
old and above, able to give written informed consent,
consulting in the Diabetic foot clinic, diagnosed with Type
2 Diabetes Mellitus, presenting with ischemic/neuropathic/
neuroischemic foot ulcers, of any duration, and all charts
of patients in the Diabetic foot clinic from 2014-2017.

Exclusion criteria include: patients unable to give written
informed consent, patients with mental illness, patients
with disease that may impair judgment and consent, non-
diabetic foot ulcers, venous ulcers, cellulitis without ulcer,
Charcot arthropathy without diabetic foot ulcer, and other
unrelated skin diseases. Patients with missing data from
the retrospective chart review were likewise excluded
from the study. All charts from the retrospective arm with
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missing data and all patients from the prospective arm
who were lost to follow up were excluded from the study.

Data collection included demographic data, duration of
diabetes, presence of hypertension, atherosclerotic cardio-
vascular disease (ASCVD), or chronic kidney disease;
laboratories collected were fasting blood sugar, HbAlc,
lipid profile, creatinine, and hemoglobin at the time of
initial consult (i.e., lipid profile were categorized as either
“high” or “low” following clinical practice guideline
targets of total cholesterol 200 mg/dL, Triglycerides
150 mg/dL, and HDL 40 mg/dL for male and 50 mg/dL
for female™ and hemoglobin, defined as “low” if lower
than normal range); also noted were history of past foot
ulcers and previous amputations, onset and duration
of foot ulcer, presence of infection, PAD, neuropathy,
osteomyelitis and Wagner staging.

The presence of peripheral neuropathy was assessed using
the Michigan Neuropathy Screening Instrument.'>¢

PAD was assessed by palpation of the posterior tibial
and dorsalis pedis pulses and by measuring the Ankle
Brachial Index using a hand held Doppler. PAD is
defined as at least one of the following: ABI <0.9, a history
of a peripheral artery revascularization procedure or
angiography confirming PAD, non-compressible arteries
(defined as ABI >1.4), abnormal waveforms (monophasic
or biphasic) with ABIs of 0.9 -1.4, or absence of two or
more pedal pulses on palpation.”

Osteomyelitis was diagnosed through probe to bone or
X-ray findings.

Outcomes of this study were defined as:
1. Healed: (complete epithelization of a foot ulcer)
a. Healed (complete epithelialization) with no
recurrence within the observation period of 1 year.
b. Recurrent foot ulcers (those who presented with
foot ulcers that eventually healed within the
observation period of 1 year but had another
foot ulcer on the same site as the healed ulcer). If
the recurrent ulcer eventually healed within the
observation period, this was still included in the
population of “recurrence.”
2. Not healed:
a. Resolved foot ulcer through Minor amputation
(amputation below the malleolus)
b. Resolved foot ulcer through Major amputation
(amputation above the malleolus)
c.  Persistence of ulcer (non-healing of ulcer beyond
the study period)

These outcomes were assessed by the primary investigator.
Healed foot ulcers are defined as complete epithelia-
lization of a foot ulcer with no signs of infection such as
erythema, swelling, or exudative discharge. Recurrence
is defined as a new foot ulcer occurring at the same site
of a previous foot ulcer at any time during the study
period. For persistent ulcers, these were diabetic foot
ulcers that required major or minor amputation, or ulcers
that failed to epithelialize beyond the study period.”
Healing time was defined as the number of weeks it took
for a foot ulcer to have complete re-epithelialization with
resolution of any sign of infection.
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Statistical analysis

Summary statistics were reported as mean + standard
deviation for continuous data with normal distribution or
as median (interquartile range) for quantitative data with
skewed distribution or as count (percent) for qualitative
measures. Minimum and maximum values were also
reported. Shapiro-Wilk’s test was used to check for
normality of quantitative data. Checks for homogeneity of
patient characteristics were also performed. Multivariate
regression analyses were performed to identify demo-
graphic and clinical characteristics independently asso-
ciated with healed and unhealed ulcers, and healing time.

Subgroup analysis was done for 2 data sets: the first was
for patients with “healed” ulcers — factors for recurrence
vs. no recurrence were compared using all data collected.
The second subgroup analysis using the Mann Whitney
U test was done for patients with “healed” ulcers with no
recurrence — specifically, the factors for number of weeks
it took for complete epithelialization (healing time) were
identified. Odds-ratios and 95% confidence intervals were
estimated. Statistical significance was based on p-value
<0.05. STATA v13 was used in data processing and analysis.
The sample population was computed at a minimum
of 196 patients with diabetic foot ulcer satisfying the
inclusion/exclusion criteria to determine as significant, at
75% power and 95% confidence level, risk factors of major
amputation at medium effect of 0.15 based on 18.46%
rate of major amputation.’
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RESULTS

Cohort description

There were a total of 216 adults with Type 2 diabetes
mellitus and diabetic foot ulcers seen in this study. There
were 130 charts for the retrospective arm and 86 patients
for the prospective arm. The demographic and clinical
characteristics of the study are summarized in Table 1.
The average age was 55.8 years and there was an equal
distribution of male and female (male 50.9%). Average
duration of diabetes was 5 years. Only 22% of the cohort
were smokers (n=48) and the most common comorbidity
was hypertension seen in 38.9% of the cohort (n=84). Only
4.6% of the entire cohort had regular or routine foot care
at home. The mean fasting blood sugar (FBS) was 145
mg/dL, mean HBAlc was 7.9%, mean creatinine was 0.9
mg/dL and the mean lipid profile of the cohort has total
cholesterol less than 200 mg/dL but LDL greater than
100 mg/dL.

A plantar foot ulcer was seen in 25.5% of patients (n=54)
and only 14.8% (n=17) had more than 1 foot ulcer upon
consult. The average duration of diabetic foot ulcers prior
to initial consult was 9 weeks.

Upon presentation, 38.4% (n=83) had PAD, while a similar
percentage had osteomyelitis 34.7% (n=75). Majority of all
patients (58.3%, n=126) had neuropathy.

Table 1. Characteristics of patients with diabetic foot ulcer according to healing outcome

Not Healed Ulcers (n = 120)

Healed Ulcers (n = 96)

All (n =216) [Majozg:npi"::tslg:lﬁ;’uh:'l:‘:;l:g'g;]tat'on [Recurrence 31; No recurrence 65]
Age in years 55.8 +9.9 55.1+10.7 56.2 +9.2
Male gender 110 (50.9%) 60 (50.0%) 50 (52.1%)
Duration of diabetes in years 5.0 (9.6) 8.0 (9.5) 3.0 (9.7)
Smoker 48 (22.2%) 40 (33.3%)° 8 (8.4%)°
Comorbidities
Hypertension 84 (38.9%) 46 (38.3%) 38 (39.5%)
Chronic kidney disease 22 (10.2%) 8 (15.0%) 14 (14.6%)
Retinopathy 52 (24.1%) 30 (25.0%) 22 (22.9%)
With routine foot care 10 (4.6%) 4 (3.33%) 6 (6.25%)
Serum biochemistry
FBS in mg/dL 145.0 (86.0) 173.5 (96.5) 121.0 (83.0)
HBA1c in % 7.9(3.2) 8.9 (4.0) 7.7 (2.0)
Creatinine in mg/dL 0.9 (0.3) 0.9 (0.2) 0.8 (0.3)
Hemoglobin in g/dL 14.0 (2.4) 11.1 (3.4) 14.1 (1.6)
Cholesterol in mg/dL 189.0 (47.0) 196.0 (50.0) 151.0 (43.0)
Triglyceride in mg/dL 146.0 (67.0) 189.5 (91.0) 110.0 (54.5)
HDL in mg/dL 37.2 (11.0) 35.0 (11.3) 41.0 (11.0)
LDL in mg/dL 122.7 (46.0) 146.5 (39.5) 99.5 (32.5)
Plantar location of ulcer 54 (25.5%) 36 (30.0%) 18 (18.8%)
More than 1 ulcer on foot 17 (14.8%) 37(30.8%)? 7 (7.3%)°
Duration of ulcer in weeks 9.0 (3.4) 12.0 (4.8) 3.0 (1.0)

Peripheral Arterial Disease 83 (38.4%)

68 (56.7%)° 15 (15.6%)

Osteomyelitis 75 (34.7%)

60 (50.0%)° 15 (15.6%)

Neuropathy 126 (58.3%)

86 (71.7%) 30 (31.3%)

Wagner staging system

[ 11 (5.1%)

I 120 (55.6%)
I 12 (5.6%)
v 76 (35.2%)
v 6 (2.8%)

1 (0.8%)? 10 (10.4%)
44 (36.7%)° 76 (79.2%)
9 (7.5%) 3(3.1%)
70 (58.3%) 6 (6.25%)
6 (5.0%) -

FBS: fasting blood glucose, HbA1c: glycated hemoglobin, HDL: High density lipoproteins, LDL: low-density lipoproteins
Data presented as mean * standard deviation, median (interquartile range) or count (percent).

aSingle case
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Non-healing foot ulcers

For non-healing foot ulcers vs. healed foot ulcers a
significant proportion were smokers (33.3% vs 8.4%); had
evidence of PAD (56.7% vs 15.6%); neuropathy (71.7% vs
31.3%); osteomyelitis (50.0% vs. 15.6%); had multiple ulcers
(30.8% vs 7.3%); had higher levels of fasting blood glucose
(173.5 vs. 121 mg/dL); cholesterol (196 vs. 151 mg/dL);
triglyceride (189.5 vs. 110 mg/dL); LDL (146.5 vs. 99.5 mg/
dL); plus lower levels of hemoglobin (11.1 vs. 14.1 mg/dL);
lower HDL (35 vs. 41 mg/dL) and a longer ulcer duration
prior to consult (12 vs 3 weeks). A higher proportion of
the non-healing group had worse ulcer severity - majority
presenting with Wagner IV (58.3% vs. 6.25%) or Wagner V
(5% vs. 0%).

The prevalence of non-healing ulcer was 55.5% (n=120). The
major amputation rate was 11% (n=24), minor amputation
rate 21.5% (n=46), and persistently unhealed 23% (n=50).
The major amputation rates in an outpatient setting are
expectedly lower compared to inpatient rates of 50%."'?
In the outpatient setting, patients present with less severe
ulcer staging and milder infections — these, along with
prompt antibiotic treatment, weekly sharp debridement,
offloading education, all contribute in lowering major
amputation rates.

Risk factors independently associated with major
amputation, minor amputation, or persistent non-healing
are shown in Table 2. Independent factors with the
highest odds for non-healing are osteomyelitis (OR 66.5;
CI 19.7, 217.8), PAD (OR 56.8; CI 2.5, 877.2), and smoking
(OR 28.9; CI 6.8, 129.3). The data concurs with current
literature that osteomyelitis and infection are the leading
causes of major amputation in diabetic foot ulcers.!®?!
Our study did not analyze the location of osteomyelitis
as a predictor of amputation — but other studies have
found that osteomyelitis is more frequently found in the
forefoot (90% of the time) - which has a better prognosis
than if the osteomyelitis was in the hindfoot, because a
hindfoot osteomyelitis significantly increases the chance
of major amputation.?

Dyslipidemia (high TG and LDL, low HDL) is significant
but only barely increased the odds for non-healing: high
TG (OR 1.09; CI 1.0, 2.4), high LDL (OR 1.1; CI 1.0, 1.1),
low HDL (OR 0.9; CI 0.8, 0.9).

We also found that every 1 g/dL decrease in hemoglobin

from normal increased the chance of non-healing of a
diabetic foot ulcer by 29% (p<0.0001).

Table 2. Independent risk factors for non-healing of
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Recurrence

The prevalence for healed foot ulcers was 44.5% (n=96). Out
of the 96 patients who had healed foot ulcers, only 14% of
them had ulcer recurrence (n=31). Three important factors
(Table 3) were found that predicted recurrence in healed
foot ulcers: plantar location of ulcer (OR 16.8; CI 6.8, 89.4),
presence of more than one ulcer (OR 7.8; CI 3.6,31.6), and
neuropathy (OR 11.2; CI 7.2, 19.9).

Healing time

Table 4 shows the factors that affect healing time. Of the
65 adults with completely healed ulcer (no recurrence),
the mean healing time was 14 weeks (98 days) +3 weeks.
Many studies have established various factors that affect
healing time of ulcers which include: duration of ulcer,
size and depth of ulcer, smoking, increased HbAlc, male
gender, and presence of infection.”? In our study, the
only significant factor associated with time of healing was
ulcer duration — those who consulted within 4 weeks of
sustaining the ulcer healed faster (healing time 4.5 weeks)
than those who delayed more than 4 weeks (healing time
12 weeks).

DISCUSSION

Out of 216 patients with diabetic foot ulcers the prevalence
of healed foot ulcers was 44% (n=96) and the prevalence
of non-healing was 55% (n=120). For the non-healing foot
ulcers, major amputation rate outcome 20% (n=24), minor
amputation outcome 38% (n=46), and non-healing outcome
was 42% (n=50). For the healed foot ulcers, 32% (n=31)
had recurrence within 1 year.

The major and minor amputation rates in an out-patient
setting are expectedly lower than those of in-patient
studies such as those located at the Philippine General
Hospital (PGH) where the major amputation rate is
50%.1"12 This can be attributed to factors such as ulcer
severity presenting in the out-patient setting is less severe
compared to the in-patient setting; or that an out-patient

Table 3. Independent risk factors for recurrence in healed
ulcers

Factor Adjusted OR  95% CI p-value
Plantar location of ulcer 16.8 (6.8, 89.4) 0.031*
More than 1 ulcer on foot 7.8 (3.6, 31.6) 0.006*
Neuropathy 11.3 (7.2,19.9) 0.010*

OR: odds-ratio, Cl: confidence interval
*Significant at 5% level

Table 4. Factors affecting healing time

. . . . . . Factors Healing Time In Weeks p-value
diabetic foot ulcer (major amputation, minor amputation, - -
. Duration of diabetes: <10 years vs. 12 (8) 15 (17) 0.147
and persistently unhealed) 210 years
Factor Adjusted OR  95% Cl p-value Smoker: yes vs. no 17 (14) 12 (9) 0.509
Smoking 28.9 (6.8,129.3) <0.0001* Routine foot care: with vs. without 3 12 (11) 0.096
Hemoglobin in g/dL 0.7 (0.4,0.9) <0.0001* Plantar location of ulcer: yes vs. no 13.5(10) 12 (12) 0.225
Triglyceride in mg/dL 1.1 (1.0,2.4) 0.010" More than 1 ulcer on foot: yes vs. no 12 (8) 20 (8) 0.078
HDL in mg/dL 0.9 (0.8,0.9) 0.010* Foot ulcer duration on presentation: 4.5 (7) 12(11)  <0.0001*
LDL in mg/dL 1.1 (1.0, 1.1) 0.009* <4 weeks vs. 24 weeks
Peripheral Arterial Disease 56.8 (2.5, 877.2) <0.0001* Peripheral Arterial Disease: yes vs. no 9.5 (12) 12 (11) 0.885
Osteomyelitis 66.5 (19.7,217.8)  <0.0001* Osteomyelitis: yes vs. no 14.5(21) 12(8) 0.485
Neuropathy 9.9 (7.4,19.0) 0.010* Neuropathy: yes vs. no 12 (11) 10 (11) 0.560

HDL: High density lipoproteins, LDL: low-density lipoproteins, OR: odds-
ratio, Cl: confidence interval
*Significant at 5% level
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setting provides patients early consult, prompt antibiotic
treatment, and weekly sharp debridement that are not
done in most cases that are eventually admitted."

Risk factors independently associated with non-healing
of ulcers were smoking, low hemoglobin, dyslipidemia,
and the presence of PAD, osteomyelitis, and neuropathy.
Although dyslipidemia increased non-healing by only a
small percentage, smoking was found to increase the risk
of non-healing nearly 29 times compared to non-smokers.
The significance of smoking in these patients reflect an
acceleration of macrovascular disease and atherosclerosis
prevalent in many persons with diabetes and is in itself,
together with dyslipidemia, already an independent risk
factor for developing peripheral arterial disease.”

Our study also found that for every 1 g/dL decrease in
hemoglobin, the chance of non-healing of diabetic foot
ulcer is increased by 52%.

The data also concurs with the study of Jeffcoate et al.,’
where PAD was an independent risk factor for major
amputation. As mentioned previously, the co-existence of
CAD and PAD in patients with diabetes is well established.
In a study by Poredos and Jug* 50% of patients with
macrovascular disease have co-existing PAD - reflecting
the underlying atherosclerosis that plagues these patients
predisposing to foot ulcer formation resulting in major
amputation.

Neuropathy is an established risk factor for recurrence
because this predisposes the feet to “unrecognized
repetitive trauma.”” Neuropathy also delays and impairs
detection of new foot ulcers which tend to recur on the
same site as old ulcers when healed patients begin to
walk again.®® Multiple ulcers are twice as likely to recur
than single ulcers, have poor 12-month outcomes, and are
almost invariably associated with ischemic ulcers and PAD.

Peters et al., found that patients had a 61% chance of
increase in recurrence if the ulcer was located in the plantar
area.® An ulcer on the plantar surface, when not offloaded
properly, is subjected to repeated pressures which delay
its healing.

This concurs with our finding that a plantar ulcer increased
risk of recurrence; and if the ulcer was on the dorsal side
of the foot, the non-healing outcome was reduced by 83%.

For ulcer recurrence, other risk factors were neuropathy
and presence of more than 1 ulcer at the time of consult.
These risk factors differ from two studies of Cardino and
Panuda et al,''? where smoking and PAD were both
significant risk factors for non-healing.

Possible sources of difference in these risk factors are that
our patients are treated and seen in an outpatient foot clinic
where their presentation is less severe than the population
seen by in the PGH studies where the patients were
admitted and had severe infection or ischemia.

The mean healing time was 14 weeks (98 days) +3 weeks
and only one factor was significant in affecting healing
time, namely, the duration of foot ulcer prior to consult.
Patients who consulted within 1 month of sustaining a foot
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ulcer tended to heal within 4.5 weeks while patients who
waited after 1 month healed within 12 weeks (p<0.001).
This again reinforces the findings of Cardino et al., that
delayed treatment of foot ulcers lead to untoward foot
complications.?!

Compare this to the study of Messenger et al., where 335
patients consulting in an out-patient podiatry clinic were
analyzed and foot ulcers had a median healing time of
52 days (7.5 weeks) and the factors that affected healing
time were more severe wound staging, bacterial infection,
osteomyelitis, and PAD.” In the study by Jeffcoate et al.’
of 449 patients with diabetic foot ulcers, the median
healing time was 78 days (11 weeks) and again factors
that affected healing time were severity of infection and
presence of PAD. Once persons with diabetes sustain a
foot ulcer it is imperative they consult immediately for
prompt assessment and treatment of PAD, neuropathy,
and infection to prevent non-healing.

Glycemic control (as tracked by fasting blood sugar and
HbAlc) plays a major role in wound healing and diabetic
foot ulceration. In two reasonably large prospective studies
by Xiang et al., and Christman et al., their data found that
an HbAlc of 7-8% increased the healed outcome of diabetic
foot ulcers by 3 (OR 3.01, CI 1.32, 6.86) and “for each 1.0%
point increase in HbAlc, the daily wound area healing
rate decreased by 0.028 cm?/day.”**

Other studies done on diabetic foot ulcers in the inpatient
and outpatient settings found no correlation between
blood sugar control and healing of diabetic foot ulcers.
In a prospective study by Fesseha et al., they found that
“baseline Alc was not associated with wound healing in
univariate or fully adjusted models.” Furthermore, as they
monitored the HbAlc changes in their 4-year study, they
found that mean HbAlc changes were not associated with
wound healing.?' This finding was also seen by Ozenc et
al.,, in 137 patients with diabetic foot ulcers that HbAlc
was not a factor in developing diabetic foot ulcers or
healing.? Sarinnapakorn et al., in a prospective study of
593 patients in Thailand found that blood glucose control
is not markedly related to foot ulcer onset and healing.
Their study identified that the significant factors for foot
ulcer healing are age, duration of diabetes, dyslipidemia,
neuropathy, cardiovascular disease, foot deformities,
decreased pulses, prior amputation, and abnormal ankle-
brachial index.”

Taking into account all these studies, the information at
hand indicates foot ulcer healing is affected not just by
glycemic control but also by the additional interplay of
other factors like smoking, osteomyelitis, peripheral arterial
disease, number of ulcers on consult, severity of infection,
and delay of consult and treatment — important factors
also found in our study.

The data obtained from this study are from patients
presenting at a dedicated outpatient clinic. The profile of
patients who are admitted for diabetic foot ulcers are much
different because by definition, their admission may already
be an indicator of a more severe infection necessitating
intravenous antibiotics, limb threatening ischemia, or life-
threatening sepsis. Thus, the data and independent risk
factors presented in this study should be able to guide
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clinicians seeing patients with foot ulcers in the outpatient
setting — facilitating early referral to a diabetic foot clinic
or specialist for those patients who have risk factors for
non-healing, or intensive monitoring and education for
patients who are at risk for foot ulcer recurrence.

CONCLUSION

Outcomes of foot ulcers can be classified into two groups:
Healed and Not Healed. For unhealed foot ulcers whose
specific outcomes can lead to major amputation, minor
amputation, and persistent ulceration - the presence of PAD,
smoking, dyslipidemia, low hemoglobin, neuropathy, and
osteomyelitis all increase the likelihood of amputation or
persistent non-healing.

For patients who have healed foot ulcers the presence
of multiple ulcers, plantar location, and neuropathy all
increase the risk for ulcer recurrence. When patients present
to a foot clinic early (less than 4 weeks) the healing time
is significantly shortened from 12 weeks to 4.5 weeks.

We recommend early identification of risk factors in
patients with type 2 Diabetes Mellitus presenting with foot
ulcers so that timely and early referral to an outpatient
foot clinic or diabetic foot specialist may be immediately
initiated.

Likewise, for patients with a past history of foot ulcers
that have healed, identification of risk factors should lead
to closer monitoring and education for routine home foot
care. Ultimately, primary prevention is still the key to
avoiding adverse foot outcomes. We encourage all persons
with diabetes to have regular foot screening and foot
care education.
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