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Abstract: Background: The dosage and safety of nutritional supplements for patients with venous
ulcers are still not well established. Aim: To evaluate the effects of a high calorie, high protein,
arginine-, zinc-, and vitamins A, C, and E-enriched nutritional supplement on the biochemical
profile, dietary intake, anthropometry, muscle strength, and characteristics of lesions of patients
with venous ulcers. Methods: A controlled before-after clinical trial with a four-week follow-up
involved 27 patients with venous ulcers under outpatient treatment in Brazil. It was administered in
two to three doses per day (200 mL each) of a high-calorie and high-protein supplement enriched
with arginine, zinc, and vitamins A, C, and E. Patients were assessed for anthropometric parameters,
dietary intake, biochemical tests, and healing conditions according to the Pressure Ulcer Scale for
Healing (PUSH). Results: It was observed that an increase in energy and protein supply led to
an adequate intake of immunonutrients (zinc and vitamins A, C, and E), increased body weight,
increased body mass index, and stronger handgrip strength. The injury area and the score on
the PUSH notably decreased after the intervention (p < 0.001). Conclusions: The administered
supplement, at the tested dosage, improved the nutritional status and characteristics of lesions in

patients with venous ulcers.
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1. Introduction

Venous leg ulcers (VLU) are skin injuries that result from chronic venous insufficiency,
and they require a long healing time [1]. It is known that it takes up to 12 months for 93%
of the injuries to epithelize, and that 7% do not heal even after five years of adequate treat-
ment [2]. Several factors can influence the healing process, and one of them is nutritional
status [3,4].

Healing of chronic ulcers involves biochemical, molecular, and cellular processes,
which need nutritional substrates to promote cell proliferation, enzymatic activity, and
protein synthesis [3,4]. The amino acid arginine [5,6]; omega-3 fatty acids (eicosapentaenoic
and docosahexaenoic acids) [7,8]; vitamins A, C, and E; and minerals such as copper, iron,
and zinc [9] stand out among those nutritional substrates. The absence of these immunonu-
trients impairs healing, since it triggers a weakening of the immune system [3,4,8].

Patients with chronic leg ulcers show diminished levels of vitamin C [10-12], vitamin A,
vitamin E [13], vitamin B6, vitamin B9 [12], omega-3, zinc [11-13], vitamin D [12,14], and
protein [12]. Although this may be a typical characteristic of the industrialized popula-
tion, affecting even elderly people [15], it is necessary to consider that the presence of
this type of injury, and healing itself, increases the demand for nutrients, which adds
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to insufficiencies related to inadequate intake [3,4,16]. Unsatisfactory nutritional status
can impact the healing prognosis of people with venous ulcers [17]. Consequently, it is
important to promote better nutrient supply conditions, which may result in indications
for nutritional supplementation.

Nutritional recommendations are well established for healthy people [18,19], patients
with pressure injuries (PI) [9,20,21], and patients with diabetic foot ulcer [22-24]. However,
the guidelines for people with other types of chronic injuries, such as VLU, have not yet
been clearly defined, because studies in this area are rare [4,25,26].

Oral nutritional supplements are products made up of specific or combined nutrients,
and can be presented in liquid form, ready for consumption, or in powder form, requiring,
in this case, dilution in beverages or food [27]. They are used to achieve better clinical
outcomes and indicate when the individual needs a greater nutritional intake, which
is not being achieved only by food consumption, and has a functioning and accessible
gastrointestinal tract [28].

There are no recommendations regarding composition, dose, and time of use of
supplements for this population [4,20,21,25]. So far, only one other study has investigated
the use of oral nutritional supplementation in this population [29], but the authors did
not assess anthropometric parameters and food intake. Different formulations and doses
have been studied in people with chronic ulcers, from specific nutrient modules [14,30,31]
to commercially available oral nutritional supplements that show complete nutritional
composition, including calorie and protein supply and nutrients that specifically enhance
healing [32-35].

Randomized clinical trials with patients with PI have shown that high calorie, high
protein, arginine-, zinc-, and antioxidant vitamin (vitamins A, C, and E)-enriched nutritional
supplements (Cubitan®, Danone Nutricia) improved immune function and protein supply,
and promoted better healing rates [33-35]. These benefits seem to have been present even
in people who did not have malnutrition [34]. Supplementation recommendations must
take into account overall diet quality, and propose a nutrient profile that favors healing
by considering all the aspects related to nutritional deficiency, even in people who are
overweight or obese [25].

To better understand the effects of nutritional supplementation on healing in people
with VLU, it is fundamental to assess nutritional gains in this population, including changes
in body weight, stamina, and muscle strength, but a gap remains in this research field [25].
Additionally, since this population mainly receives care in primary health care settings,
it is paramount to focus on a supplement that is effective, safe, easy to use, and can be
incorporated into the health system in outpatient care protocols.

The objective of the present study is to evaluate the effects of a high-calorie and
high-protein supplement enriched with arginine, zinc, and vitamins A, C, and E on the
biochemical profile, dietary intake, anthropometric markers, and muscle strength of pa-
tients with venous ulcers, as well as the characteristics of their injuries, over a four-week
outpatient treatment period.

2. Materials and Methods
2.1. Study Design and Participants

This was a controlled before—after clinical trial with a four-week follow-up involving
27 patients with VLU under outpatient treatment in Goidnia, a state capital located in
the Center-West region of Brazil, who were referred to the research unit or sought it
spontaneously. The study design can be seen in Figure 1. The eligibility criteria were
participants over 18 years old or older with active VLU, classified as C6 on the Clinical,
Etiological, Anatomical, and Pathophysiological classification (CEAP C6) [36], and an ankle
brachial index ranging from 0.8 to 1.3, including these limit values [37]. Patients with severe
hearing or visual loss, neoplasia diagnosis, kidney or liver disease, or a Mini-Mental State
Examination score lower than that recommended for their level of education [38—40] were
excluded from the study.
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Figure 1. Flowchart showing care and follow-up of the patients analyzed in the study.

2.2. Intervention Protocol, Follow-Up, and Adverse Events

The intervention was administering a high-calorie, high-protein oral nutritional sup-
plement that was enriched with specific nutrients for healing, such as arginine, zinc, and
vitamins A, C, and E (Cubitan®, Danone Nutricia, 200 mL). This supplement was chosen
because it is protein-rich, contains immunonutrients that play a role in the healing process,
has shown positive results in clinical trials in people with chronic injuries [32-35], and
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is included in the set of supplies provided by the Goidnia Municipal Health Secretariat
to patients with PI. The dosage was defined based on injury area. Patients with an ulcer
smaller than 20 cm? received two bottles a day, and those whose ulcer had an area of at
least 20 cm? got three bottles a day over four weeks. This dosage was proposed according
to the protocols described in other clinical trials for the analysis of the treatment of patients
with chronic ulcers [33,34]. All the patients were instructed to maintain their usual diet,
and received treatment for their injuries based on the recommendations of best practices in
VLU management [1,2,4,41], including compression therapy.

The therapy used in the local service consisted of daily dressings, performed by the
nursing staff, as follows: cleansing with warmed saline solution; followed by compression
with 2% polyhexamethylene biguanide solution for 15 min; covering with 2% papain gel or
hydrogel, rayon gauze, or cotton gauze for absorption of exudate; bandaging the metatarsal
region up to four centimeters before the patellar region with a crepe bandage; and applying
short-stretch and single-layer compression bandages in the same region.

The patients received daily doses of the nutritional supplement, the ingestion of which
was supervised on weekdays at the clinic where the study was carried out. The consump-
tion of the supplement on weekends occurred in the patients’ homes. The packages were
given back to the researchers, and the patients recorded their daily nutritional supplement
intake on an individual form that was verified during every follow-up appointment. The
adopted criterion of adherence to taking the supplement was consuming at least 80% of
the recommended weekly dosage [42]. The patients who did not reach this minimum
level of consumption were excluded from the study. The presence of possible adverse
effects associated with the use of the supplement, such as nausea, decrease in appetite, or
gastric discomfort, was investigated during every daily follow-up appointment. If these
effects manifested with mild to moderate intensity, it was seen as an indication for more
fractionated consumption, and the result of this management was evaluated afterwards.

2.3. Socioeconomic Characteristics and Associated Comorbidities

Socioeconomic data were collected by applying a questionnaire. Associated comorbidi-
ties were reported by the participants and confirmed by consulting prescriptions of drugs
for continuous treatment. Perceived stamina after use of the supplement was evaluated by
asking the following question: “Did you notice an improvement in your stamina to carry
out daily activities over the past four weeks?” The answer options were “Yes” and “No.”

2.4. Dietary Intake and Anthropometric Measures

Dietary intake was assessed before and after supplementation. Three 24 h food diaries
were applied, two relating to consumption during weekdays and one pertaining to diet
on a weekend day. Food quantities, reported in common household measures by the
participants, were converted into grams or milliliters. All the data in the food diaries were
treated by using Dietpro® software version 5.8 (Vicosa, Brazil).

Body weight and height were measured by using a portable electronic scale and a
mobile stadiometer, respectively, as recommended by Lohman, Roche, and Martorell [43].
Body mass index (BMI) was calculated by dividing weight by height squared, expressed
in kg/m?, and categorized according to the guidelines suggested by the World Health
Organization [44] when the patient was an adult and by Lipschitz [45] in the case of
elderly people. Arm circumference (AC), arm muscle circumference (AMC), and triceps
skin-fold thickness (TSF) were measured at the middle upper arm. Circumferences were
determined by using an inelastic measuring tape, in accordance with the recommendations
by Lohman, Roche, and Martorell [43]. The final TSF value was the average of three
measurements, using a Lange Skinfold® caliper. The following equation was applied:
AMC (cm) = AC (cm) — [TSF (mm) x 0.314] [43].

Handgrip strength (HS) was obtained by selecting the best result among three consec-
utive measurements five seconds apart. A Crown® portable mechanical dynamometer was
used, following the instructions described by Watanabe et al. [46].
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2.5. Injury Area, Healing Conditions, and Biochemical Data

Planigraphic images of the injuries were obtained during the initial and final evaluations,
and their areas were calculated by using Image J® software version 1.49 (Laboratory for
Optical and Computational Instrumentation, University of Wisconsin, Madison, WI, USA,
2016), so the supplement dosage could be established and healing could be better assessed.
If the patient had more than one injury, the considered area was the sum of the areas of all
the injuries.

The Pressure Ulcer Scale for Healing (PUSH) was applied to evaluate healing con-
ditions [47,48]. This instrument includes the following parameters: injury area, exudate
quantity, and worst tissue on the wound bed. Although this scale was initially designed to
assess P, it began to be used to evaluate healing in VLU [49,50]. The total score could range
from 0 to 17, with the highest score being considered the worst healing condition [48].

Blood samples were collected one week before the beginning and one week after
the end of the intervention. Fluorescence flow cytometry and microscopy were used to
determine hematocrit and hemoglobin concentration, respectively. Inmunoturbidimetry
was used to measure C-reactive protein concentration, and the enzymatic colorimetric
method was used for the determination of fasting glycemia and albumin concentrations.

2.6. Statistical Analyses

A database was created by using Microsoft Excel® software version 2010 (Microsoft
Office, Microsoft Corporation, Redmond, WA, USA). First, the variables were treated
by applying descriptive statistics, with the determination of frequency distribution and
measures of central tendency (average and median) and dispersion (standard deviation).
Perceived stamina was assessed by using Fisher’s exact test. Adherence of the quantitative
variables to a normal distribution was evaluated by using the Shapiro-Wilk test. Values
obtained before and after supplementation were compared by applying the paired Student’s
t-test or the Wilcoxon signed-rank test, depending on the distribution of the variables.
The critical level of significance adopted in the tests was 0.05. Statistical analyses were
run on R software version 3.4.4 (R Core Team, R Foundation for Statistical Computing,
Vienna, Austria, 2018).

3. Results
3.1. Baseline Characteristics

Initially, 29 patients were included in the sample, but two were withdrawn from the
follow-up for personal reasons with no connection to the intervention. The majority of
the sample were women (63%, n = 17), more than half were 60 years old or older (55.6%,
n =15), and they had low average per capita income and low level of education (Table 1).
Nearly one-third (29.6%, n = 8) had a diagnosis of diabetes mellitus, and more than half
(51.8%, n = 14) had hypertension. Alcoholism affected 11.1% (n = 3) of the sample, and 3.7%
(n = 1) were smokers.

Table 1. Baseline characteristics of the patients and their venous ulcers.

Variable Average SD Median Minimum  Maximum
Age (years) 59.4 11.2 61.0 420 86.0

Per capita income (US$ *)  235.4 172.2 191.0 57.31 859.6
Level of education (years) 6.3 4.7 6.0 0.0 13.0
Injury duration (months)  33.3 48.0 6.0 1.0 192.0
Injury area (cm?) 11.3 12.1 5.9 0.5 40.3
PUSH score 11.7 3.3 12.0 5.0 17.0

* USD exchange rate (US$) in 2016: US$1 = R$3.49; SD = standard deviation; PUSH = Pressure Ulcer Scale
for Healing.
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The initial characteristics of VLU, injury duration, injury area, and PUSH score varied
considerably (Table 1). The injuries ranged from small to extensive, lasted between months
and years, and showed various healing conditions.

3.2. Dietary Intake

Most participants (74.1%) had a normocaloric diet (median = 24.51 kcal/kg/day)
before supplementation and, therefore, their diet did not meet their calorie needs. In
addition, 77.8% of the patients had low consumption of protein (0.96 g/kg/day), and
vitamin A (average = 146.2 £ 102.3 ug/day) and magnesium (median = 250.4 mg/day)
stood out (Tables 2 and 3).

Table 2. Dietary intake of patients with venous ulcers before and after nutritional supplementation.

Variable Initial Final p-Value P
TEI (kcal/day) * 2023.9 (1627.9-2608.2)  2493.9 (2073.5-2989.8)  <0.001 P
TEI (kcal /kg/day) * 24.5 (17.9-36.9) 29.3 (26.5-7.7) <0.001°
CHO (g/day) 343.1£1794 344.8 £116.5 0.8952
CHO (%/day) 58.4 + 8.3 520+ 6.1 <0.0012
CHO (g/kg/day) * 3.6 (25-6.1) 39(32-52) 0.691°
Simple carbohydrates (g/day)  130.1 £93.5 105.9 +53.3 <0.001
LIP (g/day) 63.6 +22.1 84.4 +29.5 0.1402
LIP (%/day) 27.0£ 6.0 287 £4.2 <0.001 @
LIP (g/kg/day) 0.79 0.3 1.0+03 <0.0012
MUFA (g/day) 227+£7.0 33.6 £9.9 <0.0012
PUFA (g/day) 132 £59 19.0 £ 8.5 <0.001 @
SAT (g/day) 211491 249 +10.3 0.0852
TRANS FATS (g/day) 0.6+21 0.22 +0.24 <0.0012
PTN (g/day) 779 £ 33.2 122.1 £ 324 <0.001 @
PTN (%/day) * 14.9 (11.9-16.4) 19.0 (16.4-20.8) <0.001 >
PTIN (g/kg/day) 0.96 &+ 0.40 15+04 0.0002
Arginine (g/day) * 3.6 (2.6-4.7) 10.3 (9.5-11.6) 0.000
Vitamin A (ug/day) 146.2 £ 102.3 710.3 +144.1 <0.0012
Vitamin C (mg/day) 2422 £ 2374 743.2 £193.0 <0.0012
Iron (mg/day) 120 £5.9 249 £5.2 <0.001 2
Magnesium (mg/day) * 250.4 (190.3-318.8) 430.5 (360.6-494.6) <0.001 P
Copper (mg/day) * 1.1 (0.8-1.3) 2.7 (2.7-4.0) <0.001 P
Selenium (pg/day) 90.4 + 34.5 235.3 £36.2 <0.0012
Zinc (mg/day) * 11.1 (8.1-14.2) 30.5 (27.2-35.1) <0.001°

Data were presented in mean =+ standard deviation or * median (Ist and 3rd quartiles); * p value calcu-
lated by using Student’s t-test; P p value calculated by using the Wilcoxon test; TEI = total energy intake;
CHO = carbohydrate; LIP = lipid; PTN = protein; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated
fatty acids; SAT = saturated fatty acids.

The use of nutritional supplementation increased calorie intake (28.0 £ 12.1 to
32.1 £ 10.1 kcal/kg/day; p < 0.001), protein consumption (77.8 +=33.2 vs. 122.1 & 32.4 g/kg/day;
p < 0.001), and, most markedly, arginine supply (3.9 £ 1.8 vs. 10.4 &= 1.8 g/day; p = 0.000)
(Table 2). The carbohydrate intake percentage decreased (58.4 & 8.3 vs. 52.0 = 6.1 %; p < 0.001),
whereas the lipid and protein intake percentages increased (27.0 & 6.0 vs. 28.7 £ 4.2 %;
p <0.001 and 14.4 £ 3.2 vs. 18.9 £ 3.2 %; p < 0.001; respectively). The consumption of mo-
nounsaturated and polyunsaturated fatty acids increased with the addition of the supplement
(Table 2). The consumption of all the analyzed micronutrients increased substantially, espe-
cially vitamin A (146.2 4= 102.3 vs. 710.3 & 144.2 pug/day; p < 0.001) and selenium (90.4 £ 34.5
vs. 235.3 & 36.2 pg/day; p < 0.001) (Table 2).

The administration of the nutritional supplement led to adequacy in the consumption
of iron, copper, zinc, selenium, vitamin C, and protein, without exceeding the tolerable
upper intake level (TUIL), based on the dietary reference intakes (Table 3). It is notewor-
thy that vitamin A levels did not reach normality, despite a considerable increase after
supplementation, as described above (Table 2).
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Table 3. Dietary intake of patients with venous ulcers before and after nutritional supplementation
and comparison with dietary reference intakes *.

Before Supplementation (%) After Supplementation (%)
Nutrient p-Value
Below Normal Above ** Below Normal Above **
Iron 29.6 70.4 0 0 0 100 0.007
Magnesium 741 11.1 14.8 14.8 0 85.2 <0.001
Copper 33.3 66.7 0 0 0 100 <0.001
Selenium 18.5 81.5 0 0 0 100 0.062
Zinc 29.6 70.4 0 0 0 100 0.001
Vitamin A 100 0 0 67.7 0 32.3 0.003
Vitamin C 26.9 73.1 0 0 0 100 0.015
TEI (kcal/kg/day) 74.1 3.7 222 55.6 11.2 33.2 1
PTN (g/kg/day) 77.8 74 14.8 48.1 18.5 33.4 <0.001

* Dietary reference intakes for micronutrients—source: IOM, 2005; TRUMBO et al., 2002; TEI = total energy intake
(reference value = 30 to 35 kcal/kg/day)—source: POSTHAUER et al., 2015. PTN = protein (reference value = 1.25
to 1.5 g/kg/day)—source: POSTHAUER et al., 2015. ** The nutrient levels are higher than dietary reference
intakes (recommended daily intake by age group and sex), but did not exceed the tolerable upper intake level.
p values were calculated by using the Wilcoxon test.

3.3. Anthropometric Measures, Follow-Up, and Adverse Effects

Body weight (83.2 + 16.6 vs. 84.2 + 163 kg, p = 0.003), BMI (31.3 £ 5.1 vs. 31.7 4 49 kg/m?,
p = 0.002) and handgrip strength (median = 21 vs. 24 kgf, p = 0.010) increased substantially after
four weeks of use of supplementation (Table 4).

Table 4. Biochemical and body composition variables of patients with venous ulcers before and after
nutritional supplementation.

Variable Initial Final p-Value ab
Hematocrit (%) 41.5+5.0 41.6 £4.1 09324
Hemoglobin (g/dL) 13.6 £ 1.6 13.85 + 1.36 0.156 2
Fasting glycemia (mg/dL)*  97.0 (86.9-107.5) 96.0 (84-105) 0.779b
Albumin (g/dL) * 4.0 (3.6-4.3) 4.1(3.74.3) 0.794 b
CRP (mg/L) * 6.0 (6-6) 6.0 (6-8.5) 0.425b
Body weight (kg) * 88.0 (71.4-94.7) 88.0 (72.5-94.9) 0.003 b
BMI (kg/m?) * 31.3(28.3-34.4) 31.34 (28.7-40.7) 0.002b
AC (cm) 337+ 44 339442 0.2072
AMC (cm) 259 +2.8 26.3 + 3.1 0.1794
TSF (mm) 247 +£10.3 242 +97 0.5324
HS (kgf) * 21.0 (17.5-33) 24.0 (18-34) 0.010"b

Data were presented in mean =+ standard deviation or * median (Ist and 3rd quartiles); * p value calcu-
lated by using Student’s t-test; b p value calculated by using the Wilcoxon test; CRP = C-reactive protein;
BMI = body mass index; AC = arm circumference; AMC = arm muscle circumference; TSF = triceps skin-fold
thickness; HS = handgrip strength.

Mild adverse effects were reported by 22.2% of the participants (n = 6), nausea by
11.1% (n = 3), and nausea and decreased appetite by 11.1% (n = 3). Patients consumed
at least 80% of the offered supplement. After the intervention, 77.8% of the participants
(n = 21) stated that they had perceived an improvement in their stamina (p = 0.011).

3.4. Injury Area, Healing Conditions, and Biochemical Data

Comparison with the baseline data (Table 1) indicated significant reduction in both
injury area (p < 0.001, Wilcoxon test) and PUSH scores (p < 0.001, Wilcoxon test). The
nutritional supplement did not affect fasting glycemia, hemoglobin, hematocrit, albumin,
or CRP concentrations (Table 4).

4. Discussion

As far as can be determined, this is the first clinical trial that evaluated the effects
of a high-calorie, high-protein, and immunonutrient-enriched nutritional supplement on
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dietary intake, anthropometry, biochemical profile, and healing conditions in patients with
VLU. Nutritional intervention studies in people with venous ulcers are rare [25,26] and
have usually tested only one nutrient [14,51] or a set of nutrients from the same group, such
as flavonoid-rich nutraceutical (a formulation with diosmin, hesperidin, rutin, astaxanthin,
horse chestnut, and althea) [52]. Only one study tested the use of a multicomponent
nutritional supplement; however, the sample consisted of only two participants, which
implies a high risk of bias [53].

The administered oral nutritional supplement improved dietary intake and led to an
increase in total energy intake and consumption of macronutrients, arginine, MUFA, PUFA,
and all the analyzed micronutrients. It also increased body weight and HS, improved
perceived stamina, and contributed to better healing conditions, such as a decrease in injury
area and PUSH score.

Documents addressing PI have indicated that people with chronic injuries may show
nutritional risk because of inadequate intake of nutrients that are important for healing
by means of food, and that prescribing supplements can be an option in these cases [9,21].
Studies have shown that use of oral supplements enriched with protein, arginine, and
micronutrients improved the nutritional state of the examined people [33-35,54].

The literature points out the existence of nutritional imbalance in people with venous
ulcers [10,11,14,55]. Therefore, the results reported in the present study can be considered
highly positive, since the supplement contributed to fixing the dietary deficits of the
participants, which would be unlikely to be corrected with food consumption alone in a
short period such as a four-week follow-up.

A study using the same nutritional supplement at a dosage of 200 mL three times a
day over eight weeks, did not find a significant increase in serum zinc levels and higher
concentrations of vitamin C (p = 0.015) [34]. Additionally, higher PUSH scores in the
intervention group (p = 0.011) indicated better healing conditions, and there was an increase
in body weight and BMI when the intervention was completed [34]. The findings of the
present study corroborated these results, although its follow-up lasted half as long as that
in the cited study.

A study in which the participants were elderly people with PI found an increase in
serum zinc (p < 0.01) and in the dietary intake of protein (p < 0.001), arginine (p < 0.001),
zinc (p < 0.001), and vitamin C (p < 0.001) after supplementation with Cubitan® (Danone
Nutricia) at a daily dosage of 400 mL over 12 weeks [33]. The authors also emphasized the
association between use of the supplement and a significant improvement in PUSH scores
(p < 0.05). The present study had a similar finding, but with a shorter intervention period.

The daily magnesium intake exceeded the TUIL recommended for healthy individuals
(median = 430 mg after supplementation vs. TUIL = 350 mg) [18], which did not necessarily
indicate an overdose for people with VLU. In contrast, the dietary reference intake of some
nutrients [18], such as vitamin A, was not reached after the intervention. These results
showed the need to create individualized diet plans that meet patients’ requirements,
especially regarding vitamin A supply.

Nausea was also reported as an adverse effect in another study that analyzed the effects
of the same oral nutritional supplement after an eight-week intervention, together with
diarrhea, constipation, and dyspepsia [34], which were not mentioned by the participants
in the present study.

In a prospective 12-week study investigating the effect of Cubitan® (Danone Nutricia)
oral nutritional supplementation in patients with VLU, the authors only reported that the
oral therapy was well tolerated and did not mention any complaints from patients regarding
the intake of the supplement [29]. The authors observed an increase in pre-albumin levels
in the first six weeks of intervention, with stabilization during the sixth to eighth week of
follow-up, but these data were not statistically significant [29]. Traditionally, albumin and
pre-albumin values were biochemical tests considered useful for the assessment of patients’
nutritional status, with low levels indicating protein-energy malnutrition [56]. Currently,
these tests are considered to be more closely related to the state of inflammation, which
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promotes in the body a hepatic reprioritization of protein synthesis and redistribution of
serum proteins through increased capillary permeability. Thus, in the presence of a disease
that promotes a state of inflammation, serum albumin and prealbumin should not be used
as nutritional markers [56].

Handgrip strength is an anthropometric measure that stands out as simple and is
commonly used in clinical practice, since it is noninvasive [57] and is related to total
muscle strength. It has been considered a good indicator of nutritional status [57,58], and is
increasingly used because of its ability to monitor post-supplementation improvements [48]
and help identify people at nutritional risk [59].

The present study found a significant increase in HS in the final evaluation. Neverthe-
less, values below the 30th percentile were identified, a result that was lower than expected,
given that the general population is between the 25th and 75th percentiles [60,61]. This
increase probably occurred because muscle protein stocks quickly respond to a status of
restored nutrition [57]. It is known that, in situations of muscle mass depletion, skeletal
muscles become a preferential source of energy (since protein stocks are low), which results
in lower muscle strength and functioning [58,59]. This finding is relevant for the population
affected by VLU, since it will be possible to use nutritional supplementation to improve
physical activity, a factor that increases blood flow in the lower limbs and consequently
contributes to healing VLU.

The participants took daily 30 min walks six times a week, which may have led to better
nutrient absorption and increased HS, TSF, and AMC, suggesting that the participants” body
weight gain was related to muscle mass gain. Nutritional supplementation is carried out
over an established period as an adjuvant therapy in the healing process, and, regardless
of its use, being overweight must be considered a risk factor for the development of
VLU [25,62]. Consequently, it is recommended that individual diet plans be prepared so
people with VLU have their nutritional needs met, and a healthy and sustainable diet is
put into practice to allow patients to reach a normal body weight [25].

Liquid oral nutritional supplements lead to cost savings in the hospital setting, since
they contribute to lowering mortality, complication rates, and lengths of stay [63]. These
products can also offer functional benefits, such as mobility and ability to carry out self-care
and usual daily activities [64].

The improvement in stamina associated with the use of the supplement may result in
greater adherence to physical exercises that facilitate blood flow in the legs and are consid-
ered adjuvants in the treatment of venous ulcers [65-67]. Results include minimization of
venous hypertension, edema reduction, and pain relief [67,68].

One of the limitations of the present study was inherent in its design, that is, the
absence of a parallel control group, which precluded comparisons between groups to
verify the effects of the nutritional supplement alone. The short observation time can be
considered a limitation, but the option of carrying out the intervention for four weeks
seemed more careful because at the time of the research there was no information available
on the safety of prolonged use of the supplement for this population. Although the
intervention showed significant results on wound healing, a follow-up for 12 weeks could
show better benefits for the injury healing process.

Another limitation was the reduced sample size. However, this characteristic is often
present in studies that have analyzed patients with VLU [25]. It is also important to
emphasize that methods considered to be the gold standard for body composition analysis,
such as bioimpedance and dual-energy X-ray absorptiometry, were not applied, since the
present study aims to show that it is possible to carry out this analysis by using simple
methods that are part of clinical practice, and can be incorporated into future protocols for
care of people with VLU.

5. Conclusions

High calorie, high protein, immunonutrient-enriched oral nutritional supplementation
improved immunonutrient intake and stamina and contributed to increasing body weight,
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muscle mass, and HS and decreasing PUSH scores and injury area in patients with venous
ulcers. The results indicated that the dosage was safe and sufficient to improve most of
the analyzed parameters. The findings allow the authors to recommend oral nutritional
supplementation for patients with venous ulcers in the initial stage of the treatment, that is,
the first four weeks, as an adjuvant to the prescribed therapy.

Author Contributions: Conceptualization, PG.M., ] EM., C.A.d.B.N., 5.G.M. and M.M.B.; methodol-
ogy, PGM,, J.EM., A.S.G.C. and M.M.B,; formal analysis, PG.M., ] EM., A.S.G.C. and M.M.B.; investi-
gation, PG.M., C.A.d.B.N,, 5.G.M. and M.M.B; funding acquisition, M.M.B.; data curation, P.G.M. and
M.M.B.; writing—original draft preparation, PG.M., ] EM., C.A.d.B.N.,,5.G.M., AS.G.C,].VS. and
M.M.B.; writing review and editing, PG.M., JEM., C A.d.B.N,,S.GM.,, AS.G.C,,].V.S. and M.M.B;
visualization, PG.M., ] EM., A.5.G.C,, ].V.S. and M.M.B.; supervision, ]. EM. and M.M.B.; project
administration, M.M.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Goias Research Foundation, State Health Department
of Goias, National Council for Scientific and Technological Development, Ministry of Health, De-
partment of Science and Technology (Research Program for the Brazilian Unified Health System—
PPSUS 201410267000321), and the National Council for Scientific and Technological Development
(487093/2013-5).

Institutional Review Board Statement: Ethical approval (Research Ethics Committee at the Federal
University of Goias, Brazil, 779280/2014 on 11 June 2014) was obtained before recruitment.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The data used to support the findings in this study are available from
the corresponding author upon reasonable request.

Acknowledgments: The authors would like to express their gratitude to Nutricia Danone® Brasil for
donating part of the necessary quantity of the supplement used in the intervention. The company had
no role in any aspect of the study. They would also like to thank the team at the Center for Studies
and Research on Technologies for Evaluation, Diagnosis, and Interventions in Nursing and Health
(NUTADIES, as per its acronym in Portuguese), who provided multi-professional care to the patients
in the present study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.  Harding, K.; Dowsett, C.; Fias, L.; Jelnes, R.; Mosti, G.; Oien, R.; Partsch, H.; Reeder, S.W.I; Senet, P; Soriano, J.V.; et al. Simplifying
venous leg ulcer management. In Consensus Recommendations; Wounds International: London, UK, 2015; pp. 1-25.

2. Franks, P; Barker, J.; Collier, M.; Gethin, G.; Haesler, E.; Jawien, A.; Laeuchli, S.; Mosti, G.; Probst, S.; Weller, C. Management of
patients with venous leg ulcer: Challenges and current best practice. J. Wound Care 2016, 25, S1-567. [CrossRef]

3. Wild, T,; Rahbarnia, A.; Kellner, M.; Sobotka, L.; Eberlein, T. Basics in nutrition and wound healing. Nutrition 2010, 26, 862-866.
[CrossRef] [PubMed]

4. Verdu-Soriano, J.; Perdomo, E. Nutricién y heridas croénicas. In Serie Documentos Técnicos GNEAUPP; Grupo Nacional para el
Estudio y Asesoramiento en Ulceras por Presién y Heridas Crénicas: Logrofio, Spain, 2011; Volume 12, pp. 1-68.

5. Haughey, L.; Barbul, A. Nutrition and lower extremity ulcers: Causality and/or treatment. Int. ]. Low. Extrem. Wounds
2017, 16, 238-243. [CrossRef]

6. Arribas-Lépez, E.; Zand, N.; Ojo, O.; Snowden, M.].; Kochhar, T. The effect of amino acids on wound healing: A systematic review
and meta-analysis on arginine and glutamine. Nutrients 2021, 13, 2498. [CrossRef]

7. Chow, O.; Barbul, A. Inmunonutrition: Role in wound healing and tissue regeneration. Adv. Wound Care 2013, 3, 46-53.
[CrossRef]

8.  McDaniel, ].C.; Szalacha, L.; Sales, M.; Roy, S.; Chafee, S.; Parinandi, N. EPA1IDHA supplementation reduces PMN activation
in microenvironment of chronic venous leg ulcers: A randomized, double-blind, controlled study. Wound Repair Regen. 2017,
25, 680-690. [CrossRef]

9. Munoz, N.; Posthauer, M.E.; Cereda, E.; Schols, ] M.G.A.; Haesler, E. The Role of Nutrition for Pressure Injury Prevention and

Healing: The 2019 International Clinical Practice Guideline Recommendations. Adv. Skin Wound Care 2020, 33, 123-136. [CrossRef]


http://doi.org/10.12968/jowc.2016.25.Sup6.S1
http://doi.org/10.1016/j.nut.2010.05.008
http://www.ncbi.nlm.nih.gov/pubmed/20692599
http://doi.org/10.1177/1534734617737639
http://doi.org/10.3390/nu13082498
http://doi.org/10.1089/wound.2012.0415
http://doi.org/10.1111/wrr.12558
http://doi.org/10.1097/01.ASW.0000653144.90739.ad

J. Clin. Med. 2022, 11, 5683 110f13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Tobon, J.; Whitney, ].D.; Jarrett, M. Nutritional status and wound severity of overweight and obese patients with venous leg
ulcers: A pilot study. J. Vasc. Nurs. 2008, 26, 43-52. [CrossRef] [PubMed]

McDaniel, J.C.; Kemmner, K.G.; Rusnak, S. Nutritional profile of older adults with chronic venous leg ulcers: A pilot study.
Geriatr. Nurs. 2015, 36, 381-386. [CrossRef]

Renner, R.; Garibaldi, M.D.S.; Benson, S.; Ronicke, M.; Erfurt-Berge, C. Nutrition status in patients with wounds: A cross-sectional
analysis of 50 patients with chronic leg ulcers or acute wounds. Eur. . Dermatol. 2019, 29, 619-626. [CrossRef]

Rojas, A.L; Phillips, T.]. Patients with chronic leg ulcers show diminished levels of vitamins A and E, carotenes, and zinc. Dermatol.
Surg. 1999, 25, 601-604. [CrossRef] [PubMed]

Burkiewicz, C.J.C.C.; Guadagnin, F.A.; Skare, T.L.; Nascimento, M.M.; Servin, 5S.C.N.; Souza, G.D. Vitamin D and skin repair:
A prospective, double-blind and placebo controlled study in the healing of leg ulcers. Rev. Col. Bras. Cir. 2012, 39, 401-407.
[CrossRef] [PubMed]

ter Borg, S.; Verlaan, S.; Hemsworth, J.; Mijnarends, D.M.; Schols, ] M.G.A; Luiking, Y.C.; Groot, L.C.P.G.M. Micronutrient intakes
and potential inadequacies of community-dwelling older adults: A systematic review. Br. ]. Nutr. 2015, 113, 1195-1206. [CrossRef]
Engle-Stone, R.; Vosti, S.A.; Luo, H.; Kagin, J.; Tarini, A.; Adams, K.P; French, C.; Brown, K.H. Weighing the risks of high intakes
of selected micronutrients compared with the risks of deficiencies. Ann. N. Y. Acad. Sci. 2019, 1446, 81-101. [CrossRef] [PubMed]
Wissing, U.E.; Ek, A.C.; Wengstrom, Y.; Skold, G.; Unosson, M. Can individualised nutritional support improve healing in
therapy-resistant leg ulcers? |. Wound Care 2012, 11, 15-20. [CrossRef] [PubMed]

Institute of Medicine (IOM). Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino
Acids; The National Academies Press: Cambridge, MA, USA, 2005; pp. 1-1331.

Trumbo, P; Schlicker, S.; Yates, A.A.; Poos, M. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol,
protein and amino acids. J. Am. Diet Assoc. 2002, 102, 1621-1630. [CrossRef]

Posthauer, M.E.; Banks, M.; Dorner, B.; Schols, ]. M.G.A. The role of nutrition in pressure ulcer management: National pressure
ulcer advisory panel, European pressure ulcer advisory panel, and pan pacific pressure injury alliance white paper. Adv. Skin
Wound Care 2015, 28, 175-188. [CrossRef] [PubMed]

Dorner, B.; Posthauer, M.E.; Thomas, D. National Pressure Ulcer Advisory Panel. The role of nutrition in pressure ulcer prevention
and treatment: National pressure ulcer advisory panel white paper. Adv. Skin Wound Care 2009, 22, 212-221. [CrossRef] [PubMed]
Moore, Z.E.; Corcoran, M.A.; Patton, D. Nutritional interventions for treating foot ulcers in people with diabetes. Cochrane
Database Syst. Rev. 2020, 7, CD011378. [CrossRef] [PubMed]

Bechara, N.; Gunton, J.E.; Flood, V.; Hng, T.M.; McGloin, C. Associations between nutrients and foot ulceration in diabetes: A
systematic review. Nutrients 2021, 13, 2576. [CrossRef]

Basiri, R.; Spicer, M.; Levenson, C.; Ledermann, T.; Akhavan, N.; Arjmandi, B. Improving dietary intake of essential nutrients can
ameliorate inflammation in patients with diabetic foot ulcers. Nutrients 2022, 14, 2393. [CrossRef] [PubMed]

Barber, G.A.; Weller, C.D.; Gibson, S.J. Effects and associations of nutrition in patients with venous leg ulcers: A systematic review.
J. Adv. Nurs. 2017, 7, 774-787. [CrossRef] [PubMed]

Penny, H.; Flores, R.; Pennington, E.; Pedersen, A.; Tran, S. The role of macronutrients and micronutrients in wound healing: A
narrative review. J. Wound Care 2022, 31 (Suppl. 5), S14-522. [CrossRef] [PubMed]

Cederholm, T.; Barazzoni, R.; Austin, P.; Ballmer, P; Biolo, G.; Bischoff, S.C.; Compher, C.; Correia, I.; Higashiguchi, T,
Holst, M.; et al. ESPEN guidelines on definitions and terminology of clinical nutrition. Clin. Nutr. 2017, 36, 49-64. [CrossRef]
[PubMed]

Hubbard, G.P; Elia, M.; Holdoway, A.; Stratton, R. A systematic review of compliance to oral nutritional supplements. Clin. Nutr.
2012, 31, 293-312. [CrossRef]

Moscicka, P.; Cwajda-Biatasik, J.; Jawien, A.; Szewczyk, M.T. Complex treatment of venous leg ulcers including the use of oral
nutritional supplementation: Results of 12-week prospective study. Adv. Dermatol. Allergol. 2022, 39, 336-346. [CrossRef]
McDaniel, J.C.; Belury, M.; Ahijevych, K.; Blakely, W. Omega-3 fatty acids effect on wound healing. Wound Repair Regen. 2008,
16, 337-345. [CrossRef] [PubMed]

Momen-Heravi, M.; Barahimi, E.; Razzaghi, R.; Bahmani, F,; Gilasi, H.R.; Asemi, Z. The effects of zinc supplementation on wound
healing and metabolic status in patients with diabetic foot ulcer: A randomized, double-blind, placebo-controlled trial. Wound
Repair Regen. 2017, 25, 512-520. [CrossRef]

Schols, ] M.G.A.; Heyman, H.; Meijer, E.P. Nutritional support in the treatment and prevention of pressure ulcers: An overview of
studies with an arginine enriched oral nutritional supplement. . Tissue Viability 2009, 18, 72-79. [CrossRef]

Cereda, E.; Gini, A.; Pedrolli, C.; Vanotte, A. Disease-specific, versus standard, nutritional support for the treatment of pressure
ulcers in institutionalized older adults: A randomized controlled trial. J. Am. Geriatr. Soc. 2009, 57, 1395-1402. [CrossRef]
[PubMed]

Van Anholt, R.D.; Sobotka, L.; Meijer, E.P.; Heyman, H.; Groen, HW.; Topinkov4, E.; Van Leen, M.; Schols, ] M.G.A. Specific
nutritional support accelerates pressure ulcer healing and reduces wound care intensity in non-malnourished patients. Nutrition
2010, 26, 867-872. [CrossRef]

Cereda, E.; Klersy, C.; Serioli, M.; Crespi, A.; D’Andrea, F. A nutritional formula enriched with arginine, zinc, and antioxidants for
the healing of pressure ulcers. Ann. Intern. Med. 2015, 162, 167-174. [CrossRef]


http://doi.org/10.1016/j.jvn.2007.12.002
http://www.ncbi.nlm.nih.gov/pubmed/18492557
http://doi.org/10.1016/j.gerinurse.2015.05.005
http://doi.org/10.1684/ejd.2019.3678
http://doi.org/10.1046/j.1524-4725.1999.99074.x
http://www.ncbi.nlm.nih.gov/pubmed/10491041
http://doi.org/10.1590/S0100-69912012000500011
http://www.ncbi.nlm.nih.gov/pubmed/23174792
http://doi.org/10.1017/S0007114515000203
http://doi.org/10.1111/nyas.14128
http://www.ncbi.nlm.nih.gov/pubmed/31168822
http://doi.org/10.12968/jowc.2002.11.1.26127
http://www.ncbi.nlm.nih.gov/pubmed/11901746
http://doi.org/10.1016/S0002-8223(02)90346-9
http://doi.org/10.1097/01.ASW.0000461911.31139.62
http://www.ncbi.nlm.nih.gov/pubmed/25775201
http://doi.org/10.1097/01.ASW.0000350838.11854.0a
http://www.ncbi.nlm.nih.gov/pubmed/19521288
http://doi.org/10.1002/14651858.CD011378.pub2
http://www.ncbi.nlm.nih.gov/pubmed/32677037
http://doi.org/10.3390/nu13082576
http://doi.org/10.3390/nu14122393
http://www.ncbi.nlm.nih.gov/pubmed/35745123
http://doi.org/10.1111/jan.13474
http://www.ncbi.nlm.nih.gov/pubmed/28985441
http://doi.org/10.12968/jowc.2022.31.Sup5.S14
http://www.ncbi.nlm.nih.gov/pubmed/35576197
http://doi.org/10.1016/j.clnu.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/27642056
http://doi.org/10.1016/j.clnu.2011.11.020
http://doi.org/10.5114/ada.2021.104730
http://doi.org/10.1111/j.1524-475X.2008.00388.x
http://www.ncbi.nlm.nih.gov/pubmed/18471252
http://doi.org/10.1111/wrr.12537
http://doi.org/10.1016/j.jtv.2009.03.002
http://doi.org/10.1111/j.1532-5415.2009.02351.x
http://www.ncbi.nlm.nih.gov/pubmed/19563522
http://doi.org/10.1016/j.nut.2010.05.009
http://doi.org/10.7326/M14-0696

J. Clin. Med. 2022, 11, 5683 12 0f13

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

Lurie, F; Passman, M.; Meisner, M.; Dalsing, M.; Masuda, E.; Welch, H.; Bush, R.L.; Blebea, J.; Carpentier, PH.; de
Maeseneer, M; et al. The 2020 update of the CEAP classification system and reporting standards. J. Vasc. Surg. Venous Lym. Dis.
2020, 8, 342-352. [CrossRef]

Fletcher, J.; Atkin, L.; Dowsett, C.; Hopkins, A.; Tickle, J.; Worboys, E; Williams, A. Best Practice Statement: Holistic Management of
Venous Leg Ulceration; Wounds UK: London, UK, 2016; pp. 1-20.

Folstein, MLE,; Folstein, S.E.; Mchugh, PR. “Mini-Mental State”: A practical method for grading the cognitive state of patients for
the clinician. J. Psychiat. Res. 1975, 12, 189-198. [CrossRef]

Seabra, M.L.V.; Concilio, G.V,; Villares, J.B.; Carlini, E.A. Evaluation of the “Mini-Mental State” test in Brazilian volunteers and
patients. Rev. ABP-APAL 1990, 12, 1-7.

Bertolucci, P.H.E; Brucki, S.M.D.; Campacci, S.R.; Juliano, Y. The Mini-Mental State Examination in an outpatient population:
Influence of literacy. Arg. De Neuro-Psiquiatr. 1994, 52, 1-7. [CrossRef]

Robson, M.C.; Cooper, D.M.; Aslam, R.; Gould, L.J.; Harding, K.G.; Margolis, D.].; Ochs, D.E.; Serena, T.E.; Snyder, R,
Steed, D.L.; et al. Guidelines for the treatment of venous ulcers. Wound Repair Regen. 2006, 14, 649-662. [CrossRef]
Maérquez-Contreras, E. Evaluation of non-compliance in the clinical practice. Hipertension 2008, 25, 205-213.

Lohman, T.G.; Roche, A.E; Martorell, R. Anthropometric Standardization Reference Manual; Human Kinetics Books: Champaign, IL,
USA, 1988.

World Health Organization (WHO). Physical status: The use and interpretation of anthropometry. In Report of a WHO Expert
Committee; Technical Report Series, 854, WHO: Geneva, Switzerland, 1995.

Lipschitz, D.A. Screening for nutritional status in the elderly. Prim. Care 1994, 21, 55-67. [CrossRef]

Watanabe, T.; Owashi, K.; Kanauchi, Y.; Mura, N.; Takahara, M.; Ogino, T. The short-term reliability of grip strength measurement
and the effects of posture and grip span. J. Hand Surg. Am. 2005, 30, 603-609. [CrossRef]

Thomas, D.R.; Rodeheaver, G.T.; Bartolucci, A.A.; Franz, R.A.; Sussman, C.; Ferrell, B.A.; Cuddigan, J.; Stotts, N.A.; Maklebust, J.
Pressure ulcer scale for healing: Derivation and validation of the PUSH tool. The PUSH task force. Adv. Wound Care 1997,
10, 96-101. [PubMed]

Santos, V.L.C.G.; Azevedo, M.A ] ; Silva, T.S.; Carvalho, VM.].; Carvalho, V.F. Crosscultural adaptation of the pressure ulcer scale
for healing to the portuguese language. Rev. Lat. Am. De Enferm. 2005, 13, 305-313. [CrossRef] [PubMed]

Hon, J.; Lagden, K.; McLaren, A.M.; O’Sullivan, D.; Orr, L.; Houghton, PE.; Woodbury, M.G. A prospective, multicenter study to
validate use of the PUSH in patients with diabetic, venous, and pressure ulcers. Ostomy Wound Manag. 2010, 56, 26-36.

Alves, G.R.,; Malaquias, S.G.; Bachion, M.M. Pressure Ulcer Scale for Healing (PUSH): Interobserver reliability in the evaluation of
venous ulcers. Rev. Eletr. Enf. 2018, 20, 20-33.

de Franciscis, S.; de Sarro, G.; Longo, P; Buffone, G.; Molinari, V,; Stillitano, D.M.; Serra, R. Hyperhomocysteinaemia and chronic
venous ulcers. Int. Wound J. 2015, 12, 22-26. [CrossRef]

Serra, R.; Grande, R.; Butrico, L.; Buffone, G.; Calio, F.G.; Squillace, A.; de Franciscis, S. Effects of a new nutraceutical substance
on clinical and molecular parameters in patients with chronic venous ulceration. Int. Wound J. 2016, 13, 88-96. [CrossRef]
Raffoul, W.; Far, M.S.; Cayeux, M.C.; Berger, M.M. Nutritional status and food intake in nine patients with chronic low-limb
ulcers and pressure ulcers: Importance of oral supplements. Nutrition 2006, 22, 82-88. [CrossRef]

Neyens, ].C.L.; Cereda, E.; Meijer, E.P.,; Lindholm, C.; Schols, ] M.G.A. Arginine-enriched oral nutritional supplementation in the
treatment of pressure ulcers: A literature review. Wound Med. 2017, 16, 46-51. [CrossRef]

Krejner, A.; Litwiniuk, M.; Grzela, T. LL-37 but not 25-hydroxy-vitamin D serum level correlates with healing of venous leg ulcers.
Arch. Immunol. Et Ther. Exp. 2016, 65, 455-461. [CrossRef]

Evans, D.C.; Corkins, M.R.; Malone, A.; Miller, S.; Mogensen, K.M.; Guenter, P; Jensen, G.L.; ASPEN Malnutrition Commitee.
The use of visceral proteins as nutrition markers: An ASPEN position paper. Nutr. Clin. Pract. 2021, 36, 22-28. [CrossRef]
Norman, K.; Stobaus, N.; Gonzalez, M.C.; Schulzke, J.D.; Pirlich, M. Hand grip strength: Outcome predictor and marker of
nutritional status. Clin. Nutr. 2011, 30, 135-142. [CrossRef]

Flood, A.; Chung, A.; Parker, H.; Kearns, V.; O’Sullivan, T.A. The use of hand grip strenght as a predictor of nutrition status in
hospital patients. Clin. Nutr. 2014, 33, 106-114. [CrossRef]

Windsor, J.A.; Hill, G.L. Grip strength: A measure of the proportion of protein loss in surgical patients. Br. J. Surg. 1988,
75, 880-882. [CrossRef]

Schliissel, M.M.; Anjos, L.A.; Vasconcellos, M.T.L.; Kac, G. Reference values of handgrip dynamometry of healthy adults: A
population based study. Clin. Nutr. 2008, 27, 601-607. [CrossRef]

Mendes, J.; Amaral, T.F; Borges, N.; Santos, A.; Padrao, P.; Moreira, P.; Afonso, C.; Negrao, R. Handgrip strength values of
Portuguese older adults: A population based study. BMC Geriatr. 2017, 17, 191. [CrossRef]

Labropoulos, N.; Wang, E.D.; Lanier, S.T.; Khan, S.U. Factors associated with poor healing and recurrence of venous ulceration.
Plast. Reconstr. Surg. 2012, 129, 179-186. [CrossRef]

Elia, M.; Normand, C.; Norman, K.; Laviano, A. A systematic review of the cost and cost effectiveness of using standard oral
nutritional supplements in the hospital setting. Clin. Nutr. 2016, 35, 370-380. [CrossRef]

Stratton, R.; Smith, T.; Gabe, S. Managing Malnutrition to Improve Lives and Save Money; BAPEN: Redditch, UK, 2018; pp. 3-15.
Tew, G.A.; Gumber, A.; McIntosh, E.; Kesterton, S.; King, B.; Michaels, J.A.; Klonizakis, M. Effects of supervised exercise training
on lower-limb cutaneous microvascular reactivity in adults with venous ulcers. Eur. J. Appl. Physiol. 2018, 118, 321-329. [CrossRef]


http://doi.org/10.1016/j.jvsv.2019.12.075
http://doi.org/10.1016/0022-3956(75)90026-6
http://doi.org/10.1590/S0004-282X1994000100001
http://doi.org/10.1111/j.1524-475X.2006.00174.x
http://doi.org/10.1016/S0095-4543(21)00452-8
http://doi.org/10.1016/j.jhsa.2004.12.007
http://www.ncbi.nlm.nih.gov/pubmed/9362591
http://doi.org/10.1590/S0104-11692005000300004
http://www.ncbi.nlm.nih.gov/pubmed/16059535
http://doi.org/10.1111/iwj.12042
http://doi.org/10.1111/iwj.12240
http://doi.org/10.1016/j.nut.2005.04.014
http://doi.org/10.1016/j.wndm.2016.07.002
http://doi.org/10.1007/s00005-016-0423-9
http://doi.org/10.1002/ncp.10588
http://doi.org/10.1016/j.clnu.2010.09.010
http://doi.org/10.1016/j.clnu.2013.03.003
http://doi.org/10.1002/bjs.1800750917
http://doi.org/10.1016/j.clnu.2008.04.004
http://doi.org/10.1186/s12877-017-0590-5
http://doi.org/10.1097/PRS.0b013e3182362a53
http://doi.org/10.1016/j.clnu.2015.05.010
http://doi.org/10.1007/s00421-017-3772-0

J. Clin. Med. 2022, 11, 5683 13 0f 13

66. Nabil, S; Eid, M.M.; Halim, A.E.; Mohsen, A.E.H.A.A E.; Mohamady, H.M. Effect of Ankle Resisted Exercises on Venous Leg
Ulcers Healing. Med. J. Cairo Univ. 2019, 87, 4071-4076. [CrossRef]

67. O’Brien, J.; Finlayson, K.; Kerr, G.; Edwards, H. Evaluating the effectiveness of a self-management exercise intervention on wound
healing, functional ability and health-related quality of life outcomes in adults with venous leg ulcers: A randomised controlled
trial. Int. Wound J. 2017, 14, 130-137. [CrossRef]

68. Azoubel, R.; Torres, G.V,; Silva, L.W.S.; Gomes, EV,; Reis, L.A. Effects of the decongestive physiotherapy in the healing of venous
ulcers. Rev. Da Esc. De Enferm. Da USP 2010, 44, 1085-1092. [CrossRef]


http://doi.org/10.21608/mjcu.2019.76625
http://doi.org/10.1111/iwj.12571
http://doi.org/10.1590/S0080-62342010000400033

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Intervention Protocol, Follow-Up, and Adverse Events 
	Socioeconomic Characteristics and Associated Comorbidities 
	Dietary Intake and Anthropometric Measures 
	Injury Area, Healing Conditions, and Biochemical Data 
	Statistical Analyses 

	Results 
	Baseline Characteristics 
	Dietary Intake 
	Anthropometric Measures, Follow-Up, and Adverse Effects 
	Injury Area, Healing Conditions, and Biochemical Data 

	Discussion 
	Conclusions 
	References

