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The Use of a Specialized Nutritional Supplement for Diabetic 
Foot Ulcers Reduces the Use of Antibiotics

Patrizio Tattia, c, Annabel Elisabeth Barberb

Abstract

Background: Diabetic foot ulcers (DFU) are among the most in-
validating and costly complications of diabetes. We evaluated the 
effect of a blend of arginine, glutamine and β-hydroxy-βmethyl-
butyrate on the healing of these lesions in a group of 22 diabetic 
subjects who served as their own control. A nutritional supplement 
containing arginine, glutamine and beta-hydroxy-beta-methylbu-
tyrate (Ar-Gl-HMB) dramatically improved the healing of diabetic 
foot ulcers in two studies. Glutamine and Arginine have an antibac-
terial and immunopotentiating action and should reduce the use of 
antibiotics. We evaluated the use and the cost of antibiotics using 
the data from two case controlled studies of diabetic subjects with 
recurrent neuropathic diabetic foot ulcers.

Methods: We identified 22 subjects with type-2 diabetes who had 
been treated in the past for neuropathic ulcers of the foot (Event 1, 
E1), and who subsequently suffered recurrent ulcers with similar 
characteristics (E2). In E2 the treatment was the same but the sub-
jects received a supplementation of Ar-Gl-HMB, and experienced 
50% reduction of time to healing.

Results: During E1 we used 83 courses of antibiotics, versus 36 
during E2 (Wilcoxon SR test = 0.002). The cost for treatment E1 
was 17123.77 €, versus  8537.8 € in E2. The difference persists also 

adding the cost of the supplement of 2586 € (8537.8 +171223.77 
= 1123.8 €).

Conclusions: The cost of the antibiotic treatment was reduced by 
50% with the use of the formula. Because the time to healing was 
shortened, both the direct costs (medication, surgery, nursing time, 
etc) and the indirect costs (hospitalization, days of work lost) were 
decreased .The use of a highly specialized nutrition   reduces the 
cost of the antibiotic treatment by about 50% and the auxiliary eco-
nomic and social burden of disease.
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Introduction

Diabetic foot ulcers (DFU) are among the most invalidat-
ing and costly complications of diabetes [1]. These ulcers 
appear in the diabetic environment and should be kept sepa-
rated from the ulcers appearing in non diabetics. Since this 
environment is the sine qua non for the appearance of these 
lesions, we suggest that the term “treatment of the DFU” is 
a misnomer and should be substituted with “treatment of 
the diabetic subject with a foot ulcer” [2]. These ulcers are 
of two main types, of vascular and neuropathic origin, and 
in many cases, there may be an overlap of these conditions 
[3]. The initiating cause of the ulcers may be any event that 
occurs also in nondiabetics, like trauma, pressure or burn. 
Independent of their origin these ulcers share the common 
characteristic of a delayed healing in comparison with the 
same lesions appearing in nondiabetic individuals. 

DFUs have a high social and personal cost [4]. There 
are limited data in the literature on the topic of the economic 
cost. Furthermore, the biology and the nutritional status of 
the patient may interfere with the healing process.  Because 
of this complexity any economic evaluation is a generaliza-
tion. A retrospective study of men 40 - 64 years of age in a 
managed care population found that the attributable cost for 
foot ulcer care was $27,987 [5]. According to another study, 
the total direct costs for healing of infected ulcers not requir-
ing amputation were 17500 $; the costs for lower extremity 
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amputation were 30000-35000 $ [6].
The present paper focuses on the neuropathic DFU in a 

population of longstanding diabetic patients in an age range 
of 45 - 70 years. The data of 12 subjects included for this 
economic analysis were described in a 2010 paper [7], other 
10 were presented in 2011 at the EWMA meeting in Brus-
sels [8].

Aim

We decided to evaluate the cost-benefit ratio of a blend of 
arginine, glutamine and HMB used to improve the healing 
of diabetic foot ulcers. In a previous study we demonstrated 
that this blend could reduce the time to healing in diabetic 
subjects with neuropathic foot ulcers from247 days to 83 
days [7].

Summary of previous studies

We analyzed the data on the outcome of 22 longstanding 
diabetic subjects with peripheral neuropathy and a relapsing 
diabetic foot ulcer from two previous studies [7, 8]. These 
subjects suffered in the past a DFU treated conventionally 

(Event 1, Fig. 1) with curettage, local antisepsis and antibi-
otics. After the healing, either spontaneous or following a 
surgical procedure, the ulcer recurred in the same location 
and was treated  with an oral blend of Arginine, glutamine 
and β-hydroxy-β-methylglutarate added on top of the same 
care used for the previous Event (Event 2). The data of the 
two events (E1 and E2) were compared. We considered these 
subjects eligible for this study if the size of the recurring 
ulcer was the same  ± 1 mm. Each ulcer was accurately pho-
tographed at the different stages of evolution. The choice of 
this protocol was based on some considerations: (1) this de-
sign is reflective of what happens in clinical practice. (2) the 
use of the same subject with a recurring lesion with identical 
characteristics allows a perfect biologic match for a condi-
tion with an enormous number of variables.

All these subjects were treated with one or more of three 
different antibiotics according to the clinical judgment and a 
protocol included in the ISO manual of Accreditation, Ed 3.1 
for internal use. In all these patients the time to healing and 
the use of antibiotics was accurately recorded.

The male to female ratio was 7/15, the age range was 
45 - 71, mean = 64. Fifteen of these subjects were retired, the 
others actively working in commerce or manual work.

First ulcer
 
Recurring ulcer

Age (ys) 64.8 ± 11 65.2 ± 7

HbA1c (mmol/mol) at the time of presentation of 
the ulcer

77.04 ± 15 78.1 ± 0.18 (P = NS)

Duration of the ulcer 215 ± 48 81 ± 16 (P ≤ 0.01)

BCMIa 8.15 ± 0.21 9.27 ± 0.24 (P ≤ 0.05)

Table 1. Main Results

The data were analyzed with the SPSS Stat software ver 17 with the t-test for paired data. adata logarithmically 
transformed for calculation.

Figure 1. Description of the study.
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Materials and Methods

Before each period of treatment all patients underwent a 
general physical examination and a routine check for blood 
glucose,HbA1c, serum creatinine, complete blood count, 
protein electrophoresis, electrolytes, and overnight (12 h) 
urinary protein excretion. They also monitored their blood 
glucose levels regularly. At the first visit, the ulcer was pho-
tographed and measured. Body composition was also mea-
sured using bioelectrical impedance analysis (BIA) with the 
Akern Analyzer BIA 101 using the method described by 
Dittmar. Among the BIA parameters we weekly monitored 
the Body Cell Mass Index (BCMI). The medications were 
adjusted to improve diabetes management and hyperten-
sion as needed. Curettage was performed if deemed appro-
priate by the physician. Wounds were cultured and infected 
wounds were treated with appropriate antibiotics. Follow up 
visits were scheduled at weekly intervals. At each visit the 
treatment was further adjusted if indicated. In addition the 
patients were referred to the dietician who determined their 
energy needs based on age and activity level. For the over-
weight or obese patients, a slightly hypo-caloric diet, with 
20% reduction of total intake was prescribed, and a highly 
nutritional formula was added. The recommended protein 
content of the diet was at least 20% taken at the three daily 
meals. The dietary prescriptions were the same as for the 
previous ulcer event (treatment 1, Fig. 1). The patients were 
followed up weekly until their wounds were closed. For the 
treatment of recurring DFU (Treament 2), the formula was 
started at the second visit. Thus the only difference between 
the treatment periods (treatment 1 vs 2) was the addition of 
HMB, glutamine and arginine supplementation during treat-
ment 2. All the clinical data were recorded in the patients’ 
electronic records together with the laboratory values and the 

results of the body composition analysis. The time when the 
patients first observed the presence of wounds was used to 
calculate the time of the first medical evidence of the disease. 
The details of these studies have already been presented.

Since the protocols used for both studies were identical 
we created a single database of 22 subjects. The data on the 
antibiotics used were obtained from the electronic medical 
records and cross checked with the pharmacy records. The 
data reported in Table 1 were analyzed with the T test for 
paired samples (SPSS 19 package). The data on the use of 
antibiotics that are pertinent to this study are in Table 2. The 
data were analyzed per valuable cohort (per protocol), not 
ITT since the compliance was 100%. The compliance was 
regularly evaluated since 90% of the treatments were in day 
hospital setting, and for the remaining 10% the subjects in 
treatment retuned the empty boxes/vials of antibiotics.

Use of antibiotics

In our institution whenever needed we use three antibiotics 
in courses according to what is stated in the ISO protocol ver 
3.1 for internal use which was the same during treatment 1 
and 2.

 
Results

The main results reported in table 1 are the reduction in 
time to healing from 215 to 81 days (1/3), P = 0.001, and 
the increased Body Cell Mass Index (BCMI). The BCMI is 
a measure derived from the BIA and is the normalization of 
the Body cell mass for the height of the subject. The number 
of cycles of antibiotics and the cost of the treatments were 
reduced to nearly one third (Table 2). In monetary terms 

Table 2. Antibiotics Used and the Relative Cost per Course

Legend: Cost per cycle of the three antibiotics used: A =  89.48 € ; B = 138.8 €; C =  624.15 €.

Without Ar-G-B With Ar-G-B 

Total number of cycles of antibiotics 83 36

Total number of cycles of antibiotic A 34 (3042 €) 20 (1789.6 €)

Total number of cycles of  antibiotic B 34 (4719.2 €) 12 (1665.6 €)

Total number of cycles of  antibiotic C 15 (9362.25 €) 4 (2496.6 €)

Total cost of antibiotics 17123.77 € 5951.8 €

Cost of the nutritional supplement 0 2586 €

Total cost of treatment  (antibiotics + supplement) 17123.77 € 8537.8 €
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8537.8 € vs. 17123.77 €. Throughout the treatment 2 there 
was also shift towards the less potent and less expensive 
drugs. As reported in table 2 the number of cycles of anti-
biotic 1, with the minor cost was only slightly reduced from 
34 to 20, while the cycles of the other two were reduced to 
less than 1/3.

The compliance of the patient was evaluated by the 
nurses in the hospital setting and by the empty boxes re-
turned in the outpatient setting. The need for antibiotics was 
evaluated by the same two physicians who treated the previ-
ous infection and according to the laboratory results of the 
antibiotic sensitivity tests Table 2 is a summary of the actual 
use of antibiotics. To these should be added the direct costs 
(medication, surgical interventions and dressings, nursing 
time, etc) and the indirect costs (hospitalization, days of 
work lost for the patient and the relatives). The reduction 
in antibiotic usage can be only partially explained by the re-
duction in time to healing. During the treatment period there 
was a shift towards the antibiotic A, of lower cost and minor 
spectrum and power, since the infectious process was less 
aggressive. This is entirely consistent with the antibacterial 
and immunogenic properties of the blend we used and with 
the improved nutrition.

Quality of life

To evaluate the change in quality of life we asked the patients 
and their family members to fill a series of EQ-5D ques-
tionnaires (http://www.euroqol.org/fileadmin/user_upload/
Documenten/PDF/Languages/Sample_UK__English__EQ-
5D-3L.pdf) in the Day Hospital setting. The questionnaires 
were auto administered with the help of a nurse only when 
required.  According to the results we considered the pres-

ence of an ulcer of the foot a reduction in quality of life of 
0.4. Due to the wide variety of ulcers and the role of social/
working context this figure is obviously an average. Since 
the healing process started after the first month in the treated 
group (E2) we estimated an initial increase to 0.6 and a fi-
nal increase to 0.9 in the second month. Although there was 
complete healing the need for a continuous effort to prevent 
the recurrences fixed this improvement to 0.9 rather than 1 
(Fig. 2). The delayed and incomplete healing in the off treat-
ment period explains the final QUOL = 0.7. Since the period 
of observation is calculated in months and not in years we 
used the term QUOLm, where m = month.

We also calculated the cost: effectiveness ratio of the 
treatment with the formula. The formula was qualy × months 
of extra time to healing of treatment 1 vs treatment 2. Treat-
ment 1: 0.4 × 4 = 1.6; Treatment 2: 0.9 × 4 = 3.2.

In other words treatment 2 allowed a gain of 4 extra 
months at a quasi normal state

Since the average cost per patient in treatment 1 is 
1426.917 € (1723.77)/12 and for treatment 2 is 711.4833 
(8537.8/12) the net difference is a saving of 178 € per month 
for the antibiotic treatment while obtaining a 0.9 QOL. The 
extra costs for the medications of a nonhealing ulcers and the 
time lost are not included in this calculation.

Discussion
  
During the period of treatment of the recurring ulcers (treat-
ment 2) with the addiction of a blend of Arginine, Glurtamine 
and HMB, we used nearly 1/3 of the antibiotics used in ab-
sence of the blend (treatment 1). Notably in treatment 2 we 
shifted towards the oral treatment and the less costly and less 

Figure 2. Quality of life/month.
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powerful antibiotics. Such difference probably reflects a re-
duced aggressiveness of the infection, and a more powerful 
immune host response. This also led to a consistent reduction 
in costs of the antibiotics and   all the accessory therapy (nurs-
ing, requirements for the injections) [9]. Of course the rapid 
healing of the ulcer during treatment 2 allowed for a consid-
erable saving in costs of local medications and the hospital 
personnel, and time lost both for the patient and his family, 
and should be added to the economic advantage. In summary 
the addiction of the blend reduced the economic and social 
costs of the ulcer both shortening the time to healing and 
allowing for the use of less, and less costly antibiotics. This 
result is probably due to the interaction of many factors (Fig. 
3). We think that argine in the blend reduced the bacterial 
load and potentiated the immunologic process [10-12], thus 
reversing the infection/inflammation and allowing the repair 
of the tissue. Arginine also has a vasodilator action [13] that 
was exploited for male erectile dysfunction before the intro-
duction of the phosphodiesterase inhibitors. Glutamine also 
has a spectrum of positive effects [14], notably stimulation 
of protein synthesis, support of the immune function [15, 
16] and  of the  intestinal mucosal integrity [17]. HMB is 
normally present in the muscle, is an active leucine metabo-
lite and a potent stimulator of mTOR (Mammalian Target 
of Rapamycin), an intracellular protein controlling protein 
synthesis [18, 19]. Due to its anabolic property, the substance 
is widely used by the athletes worldwide and to reverse the 
effects of aging [20]. In our experience the use of this blend 
reduced to 1/3 the time to healing in a group of 12 diabetic 

patients while improving the lean body mass [21].
This study has both weaknesses and strengths. This is 

not a Randomized Controlled Study (RCS). However the 
RCTs that are considered the gold standard have enormous 
difficulties with ulcers appearing in diabetic subjects, be-
cause the evolution of the ulcers is conditioned by a variety 
of factors that are extremely difficult to keep under control 
[22]. Among them the intrinsic variability of the wound, the 
presence of infections, the location of the wound, the use of 
ill fitting shoes, time spent with the shoes, the general medi-
cal condition of the subjects and the blood glucose control. 
This diversity can be partially reduced by the use of one of 
the many classifications available in the literature, but no one 
of them accounts for the wide spectrum of concomitant con-
ditions that can interfere with the healing process. One of the 
most important and often overlooked among these factors 
is the glycemic control. HbA1c is considered the gold stan-
dard in evaluating glycaemic control in a diabetic patient, 
but may be variably influenced by both fasting and postpran-
dial blood glucose levels, and each of these has a different 
pathophysiological meaning. Currently we do not even know 
if and to what extent these phenomena can interfere with the 
healing of the ulcer. It is also probable that we ignore some 
of the individual genetic or acquired characteristics that can 
interfere with the tissue repair. Thus is extremely difficult 
to find a population with the same characteristics and an ef-
fective randomization would require a very large number of 
subjects. Consequently our choice of subjects affected by a 
recurring ulcer with the same characteristics allows to keep 

Figure 3. Economic impact of the ulcer.
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under control most of the biologic variability of the ulcer. 
The incidence of DFUs is very high. In a recent study, 

among 8,905 patients identified with type 1 or type 2 diabe-
tes, 514 developed a foot ulcer over 3 years of observation 
(cumulative incidence 5.8%) [22], and a reduction of nearly 
50% in the cost has an important bearing of the national 
health system. The use of this blend may help reduce these 
costs while improving the well being of the diabetic subjects.
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