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Long-term supplementation with a combination of
beta-hydroxy-beta-methylbutyrate, arginine, and
glutamine for pressure ulcer in sedentary older adults:
a retrospective matched case-control study

Igor Kisil”*, Yuri Gimelfarb™”*

"Medical - Care Hospital, Bat Yam, Israel
*AMHC, affiliated to the Sackler Faculty of Medicine, Tel Aviv University, Bat Yam, Israel

Background: Growing evidence suggests that beta-hydroxy-beta-methylbutyrate (HMB), arginine (Arg), and glutamine (GIn) positive-
ly affect wound recovery. This study investigated the effects of long-term administration of HMB/Arg/GIn on pressure ulcer (PU) heal-
ing in sedentary older adults admitted to geriatric and rehabilitation care facilities.

Methods: This was a pilot retrospective case (standard of care and HMB/Arg/Gln)-control (standard of care alone) clinical study. Out-
come measures were relative healing rates and Pressure Ulcer Scale for Healing (PUSH) scores (calculated after 4, 8, 12, 16, and 20
weeks) and time to healing.

Results: The study subpopulation was comprised of 14 participants (four males, 28.6%) with the median age of 85.5 years (interquar-
tile range [IQR], 82.0-90.2 years). The control subpopulation was comprised of 31 participants (18 males, 58.1%) with the median age
of 84.0 years (IQR, 78.0-90.0 years). At the beginning of follow-up, there were no statistically significant demographic (sex and age)
and clinical (main diagnosis, baseline area, and PU perimeter) differences between the groups. During the study period, there were no
significant differences in the relative healing rates and PUSH scores between the subpopulations. The median time to complete heal-
ing in the study and control populations was 170.0 days (95% confidence interval [CI], 85.7-254.3) and 218.0 days (95% Cl, 149.2-
286.7) (log-rank, chi-square =3.99; p<0.046), respectively.

Conclusion: More than 20 weeks of HMB/Arg/GIn supplementation had a positive effect on difficult PU healing in older adults with
multiple comorbidities.
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Introduction essential amino acid, leucine. Its consumption promotes the build-

ing and strengthening of muscle tissue and increases fat oxidation.

Beta-hydroxy-beta-methylbutyrate (HMB) is a metabolite of the Since the beginning of the current millennium, its consumption
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has grown mainly among sportsmen and women [ 1]. The working
hypothesis in studies conducted during this period was that HMB
is an active ingredient in the anticatabolic effects of leucine and
other metabolites.

The combination of HMB with the amino acids arginine (Arg)
and glutamine (Gln) is intended for the treatment of patients re-
quiring support in building lean body mass [2]. HMB/. Arg/Glnis
given as a supplement in the daily nutritional regimen for the heal-
ing of recalcitrant wounds. Examples of such wounds include pres-
sure ulcers (PUs) in patients in general hospitals [ 3], wounds expe-
rienced by patients who are diabetic [4-6], burn injuries [7], and
patients in intensive care units [8].

The combination of HMB/Arg/GlIn has been shown in studies
to assist in the production of collagen [9], building of protein and
muscle, and improvement in lean body mass, including in healthy
individuals who are older [10]. Thus, HMB/Arg/Gln can assist in
wound healing. In addition, HMB/Arg/Gln supports immune

functions and is especially important in healing and recovery pro-

cesses [11,12]. A summary of the studies that have demonstrated
the effect of HMB/Arg/Gln on wound healing is shown in Table
1. From these few studies, it is clear that the healing of these types
of wounds and injuries can benefit from HMB/Arg/Gln adminis-
tration.

HMB might limit tissue damage among patients who are older
[13] and those who are confined to their beds [14], and it may
even prevent atrophy of muscle tissue [15]. Recently, HMB has
also been used in individuals who are older to preserve and
strengthen muscle tissue [16,17]. In contrast to what has been
mentioned above, and as can be seen in Table 1, the hypothesized
effect of long-term administration of HMB/Arg/Gln in the treat-
ment of PUs among older patients in geriatric and rehabilitation fa-
cilities has not yet been scientifically validated. The objective of the
current study was to determine the association between long-term
oral consumption of HMB/Arg/Gln and healing of PUs among
bedridden older patients in a geriatric and rehabilitation facility.

Table 1. Summary of studies on wound healing with oral supplementation of HMB/Arg/GIn

q Male Treatment -
Study Type Study population Age (yr) sex (%) Dosage alsictsr [ Assessment Conclusion
Sipahi et al. [4] Retrospective Diabetic hemodialysis Mean, 66.0 81.8 * 4.0 BWAT Positive effect
patients (n=11) (SD, 10.0)
Wong et al. [3] RCT Patients with PU in )2 21 . 2.0 PUSH No change
general hospital (n=11) Viable tissue Increased
Wound area No change
Armstrong et al. [5] RCT Patients with diagetic foot Median, 58.0 72.1 . 16.0 Wound closure  No difference
ulcers (n=105) (range, Time to healing  No difference
28-86)
Dennis et al. [11] RCT Vascular endothelial Mean, 72.6 438 o 240 Flow-mediated ~ 27% increase
function in older adults (SD, 6.0) dilation of the
(n=16) brachial artery
C-reactive No change
protein
Tumor necrosis  No change
factor-a
Miu [13] RCT PU in older adults Mean, 83.04 61.7 * 40 PU size/depth/  No change
(h=28)" (SD, 11.5)” undermine
PUSH No change
Length of hos-  No change
pitalization
Number of No change
readmissions
Mortality No change
Biochemical No change
parameters
Current study Retrospective PU in sedentary older Median, 85.5 28.6 * 20.0 Relative healing No difference
adults in long-term care (1R, 5)32.0— rates
units (n=14)° 90.2)° 20.0 PUSH No change
No limit Time to healing  Positive effect

HMB, beta-hydroxy-beta-methylbutyrate; Arg, arginine; Gln, glutamine; SD, standard deviation; BWAT, Bates-Jensen Wound Assessment Tool; RCT, ran-
domized controlled trial; PU, pressure ulcers; PUSH, Pressure Ulcer Scale for Healing tool, ver. 3; IQR, interquartile range.
Dosage: *1.3-g HMB, 7.4-g Arg, 7.4-g Gln x 2/day; **1.2-g HMB, 7.0-g Arg, 7.0-g GIn x 2/day; **1.5-g HMB, 7.0-g Arg, 7.0-g GIn x 2/day.

J0nly for study population with HMB/Arg/GIn.
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Methods

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Bayit Balev Geriatric and Reha-
bilitation Center (IRB No: 0009-21-BBL). Since the patient
care process was not influenced by the current study, in-
formed consent was not required.

1. Study design

This is a pilot retrospective matched case-control clinical study.
The participants of the case population received standard of care
[18] with HMB/Arg/Gln, and the participants of the control

group received only standard of care.

2. Setting
This study was conducted at a geriatric and rehabilitation center.
This setting has been described elsewhere [19].

3. Participants
The participants developed PUs during their hospitalization or
were admitted with preexisting PUs.

The inclusion criteria were: (1) both sexes; (2) 65 years or old-
er; (3) hospitalized in Bayit Balev Geriatric and Rehabilitation
Center between January 1,2011 and May 1,2021; and (4) diag-
nosed with stage 2, 3, or 4 PUs (new onset, chronic, etc.).

The exclusion criteria included the following: (1) current treat-
ment with radiation, chemotherapy, immunosuppressive agents,
corticosteroids, or dialysis; (2) concurrent active or severe comor-
bidity that may have interfered with PU healing (e.g., vasculitis, im-
mune system disorder, carcinoma, and connective tissue disease);
(3) known current addiction to psychoactive substances; and (4)
multiple diabetic ulcers on the same site for patients with diabetes
mellitus (DM).

In the data collection process, the data of participants in the study
subpopulation were first included. The matching criteria were de-
mographic (age and sex) and clinical (main diagnosis and baseline
area and perimeter of the PU) parameters. Thereafter, the data of

the participants in the control subpopulation were collected.

4. Intervention

The participants in the study subpopulation received oral supple-
mentation with HMB/Arg/Gln (orally or via feeding tube) twice
per day until PU healing or closure. The 24-g bags of supplement
contained 1.3-g calcium HMB, 7.4-g L-Arg, and 7.4-g L-Gln
(Abound; Abbott Laboratories, West Chicago, IL, USA) in 250
mL of water (89 keal total energy).
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5. Outcome measures

1) Relative healing rates

The reduction in absolute area (current area—baseline area), per-
centage change in area (100 x [current area—baseline area/baseline
area] ), and linear advancement from the wound edge ([current
area—baseline area]/[current perimeter-+baseline perimeter]/2)
[20] were calculated after 4, 8, 12, 16, and 20 weeks.

2) Pressure Ulcer Scale for Healing

A valid, sensitive, and simple instrument to monitor the healing of
stage 2 to 4 PUs [ 3], including in older populations, is Pressure Ul-
cer Scale for Healing (PUSH) tool, ver. 3.0. It consists of three pa-
rameters: length x width, exudate amount (heavy, moderate, light,
and none), and tissue type (necrotic tissue, slough, granulation tis-
sue, epithelial tissue, and closed). Each parameter is scored, and the
sum of the three yields a total wound status score, where 0 = com-
pletely healed and 17 = worst possible score, indicating the greatest
severity. Observation of the changes in the direction and magni-
tude of the score over time indicates whether wound healing is oc-
curring. Because PUSH involves only three parameters, it is easy to
use and takes less than 1 minute to complete [21,22]. The PUSH
scores were calculated after 4, 8, 12, 16, and 20 weeks.

3) Time to complete healing

The time to complete PU healing was measured as the number of
days from the initiation of treatment to the date that a participant
achieved complete PU healing or closure [20,23], regardless of the
time required.

6. Baseline assessment

All participants were evaluated as an integrated part of their care
during the clinical assessment process. Baseline PU length and
width were measured before beginning the treatment process. The
rectangular area (length x width), perimeter ([length+width] x 2)
[24], elliptical area (length x width x7t/4) [24,25], and shape
(length x width x 0.73) [ 26] were calculated.

In the current study, the Charlson comorbidity index (CCI) was
used to classify comorbid conditions. Using this index, it is possi-
ble to predict the mortality risk with multiple comorbid condi-
tions. The index does not consider past conditions (e.g,, past pneu-
monia) or past surgeries for conditions that are no longer active
(e.g,, removal of the gall bladder or appendix). However, all chron-
ic and active conditions, rare and common, are considered by this
index (by means of the measurement “existing” or “not existing”).
Each condition is assigned its own weight. The higher the general
score, the more pervasive is the accompanying illness. A score is
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also assigned to age; for every decade after 40 years of age, one
point is assigned [27].

The staging system classifies PUs into four stages (stages 1-4)
according to the dimensions of the damaged region of the tissue.
However, the numerical staging does not always indicate linear
progression of PUs. For example, a small lesion may represent sub-
stantial necrosis and vice versa. Similarly, the scale does not imply

that healing proceeds from stage 4 through stage 1 [28].

7. Follow-up and final assessment

The data, which were collected as part of the standard treatment
protocol in general and the treatment protocol for PUs [ 18] in par-
ticular, were processed retrospectively. The data were collected
from the case files of the hospitalized patients. All participants were
monitored as an integral part of their standard of care in the clinical
treatment process. Follow-up measurements were completed
weekly and at the end of clinical treatment.

For the results presented in the current study, the data were sum-
marized every 4 weeks (4, 8, 12, 16, and 20 weeks for the primary
endpoints). All measures were based on ruler-based techniques.
The date on which a participant achieved complete PU healing or
closure (regardless of the treatment time and/or study period) was
defined as the secondary endpoint.

Blood test results in the current study included albumin and he-

moglobin levels.

8. Statistical methods

Data were analyzed using IBM SPSS ver. 20.0 for Windows (IBM
Corp., Armonk, NY, USA). Continuous variables are expressed as
medians with interquartile range (IQR) or 95% confidence inter-
val (CI). Categorical variables are expressed as frequencies and
percentages. Demographic and clinical characteristics were com-
pared between the subgroups using the Mann-Whitney U-test or
chi-square test, as appropriate. The change from baseline of blood
albumin and hemoglobin levels in each subpopulation was com-
pared using the Wilcoxon signed-rank test. Repeated-measures
analysis of variance was conducted for PUSH scores.

The between-groups analysis of time to healing was presented in
the following steps: incidence of healed PUs over time using Ka-
plan-Meier survival estimates (with log-rank test) and a Cox pro-
portional hazards model of time to healing, adjusted for any influ-
ential factors. Hazard ratios (HRs) and 95% CIs were used to as-
sess the risk of PU healing. All p-values were two-sided, and a p-val-
ue of less than 0.05 was considered to indicate statistical signifi-

cance.

Results

1. Descriptive data of participants

The study sample was comprised of 45 participants. A description
of the study population and between-group comparisons are pre-
sented in Table 2. From Table 2, it can be seen that there were no
significant differences between the study group and control group
in terms of age, sex, main diagnosis, prevalence of participants who
had been on prolonged mechanical ventilation (PMV), having
DM or dementia, PU site, baseline area and perimeter of PU,
PUSH scores, and blood level of albumin (not significant [NS],
for all).

However, the proportion of participants with stage 4 PUs was
much greater (p < 0.003) and the level of serum hemoglobin was
lower (p < 0.006) in the study group than in the control group. In
addition, there was a trend toward greater comorbidities in the
study group than in the control group (p < 0.06).

2. Outcome data

1) Relative healing rates

After follow-up at 4, 8, 12, 16, and 20 weeks, no significant differ-
ences were found between the study and control groups with re-
spect to the absolute area of the wound, percentage reduction in
the wound area (NS, for everyone), and linear progression of the

boundary of the wound (NS, for everyone) (Table 3).

2) Pressure Ulcer Scale for Healing score
Repeated-measures analysis of variance was conducted. Mauchly’s
sphericity test was significant (Mauchly’s W=0.0S; degree of free-
dom [df] =14; p <0.0001); therefore, we accepted that the vari-
ances of the differences between PUSH score levels were signifi-
cantly different. Therefore, the condition of sphericity was not
met, even after Huynh-Feldt and Greenhouse-Geisser corrections
(F=237.493; p < 0.0001, for both corrections).

Using the Mann-Whitney U-test, statistically significant differ-
ences in PUSH scores between the subpopulations were not found

(NS, for everyone) (Table 3).

3) Time to complete healing

A statistically significant difference was found in the amount of
time that was required for complete wound healing. In the study
population, the median time was 170.0 days (95% CI, 85.7-254.3
days); in the control population, the median time was 218.0 days
(95% CI, 149.2-286.7 days) (log-rank, chi-square =3.99; df, 1;
p<0.046).
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Table 2. Demographics and baseline clinical characteristics (n=45)

Variable Standard of care+HMB/Arg/GIn (n=14) Standard of care (n=31) p-value
Age (yr) 85.5 (82.0-90.2) 84.0 (78.0-90.0) 0.29
Male sex 4(28.6) 18 (58.1) 0.13
Main diagnosis 092
Neurologic disease 5(35.7) 12 (38.7)
Cardiac disease 1(7.1) 3(9.7)
Others 8(57.1) 16 (51.6)
Comorbidity
PMV 10 (71.4) 20 (64.5) 0.91
DM 7 (50.0) 17 (54.8) 0.99
Dementia 8 (57.1) 17 (54.8) 0.99
Ccl 8.0 (6.0-9.0) 6.0 (5.0-8.0) 0.06
Baseline PU characteristics
Site 0.667
Heel 2(14.3) 8(25.8)
Sacrum 6(42.9) 15 (48.4)
Femur 2(14.3) 3(9.7)
Others 4(28.6) 5(16.1)
Stage 0.003
2 1(7.1) 13 (41.9)
3 4(28.6) 13 (41.9)
4 9 (64.3) 5(16.1)
Rectangular area (cm?) 26.5(13.9-38.7) 20.0 (6.0-45.0) 0.41
Elliptical area (cm?) 20.8 (10.9-30.4) 15.7 (4.7-35.3) 0.41
Shape measurement (cm’) 19.3 (10.1-28.2) 14.6 (4.4-32.8) 0.41
Perimeter (cm) 21.0 (14.8-25.2) 18.0 (10.0-27.4) 0.42
PUSH score 13.5 (12.5-15.0) 13.0 (11.0-14.0) 0.21
Baseline blood level
Albumin (g/L) 2.8(2.7-3.1) 3.0(2.5-3.3) 0.55
Hemoglobin (g/dL) 8.1(7.4-9.2) 10.4 (9.0-11.5) 0.001

Values are presented as median (interquartile range) or number (%).

HMB, beta-hydroxy-beta-methylbutyrate; Arg, arginine; GIn, glutamine; PMV, prolonged mechanical ventilation; DM, diabetes mellitus; CCl, Charlson
comorbidity index; PU, pressure ulcer; PUSH, Pressure Ulcer Scale for Healing tool, ver. 3.

3. Predicting complete healing

A trend in the statistically significant prediction of complete heal-
ing was identified. Specifically, the addition of HMB/Arg/Gln to
the treatment regimen for PUs increased the HR for healing (HR,
2.46;95% CI, 1.00-6.12; p < 0.053) (Table 4, Fig. 1).

4. Adverse events

There were no adverse events during the study period.

Discussion

This unique study was intended to investigate the association be-
tween the long-term oral intake of HMB/Arg/Gln and healing of
PUs among bedridden older patients with significant comorbidi-
ties in a geriatric and rehabilitation facility. Relative healing rates,
PUSH scores, and time to healing parameters were assessed.
Among the key findings in this study, the addition of HMB/Arg/
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Gln to the regular standard of care regimen in the treatment of PUs
among bedridden older patients does not improve relative healing
rates (as measured by the reduction in absolute area, percentage
change in area, and linear advancement from the wound edge) or
PU healing (as measured by the PUSH Tool, ver. 3). We could not
find similar studies in this area examining older patients, but our
findings support those in studies on the treatment of PUs among
younger subjects [ 3], in research studies with a follow-up period of
up to 4 weeks [3,4,8] or 16 weeks [ 5], and even in studies on older
patients with fewer comorbidities [ 13].

However, the addition of HMB/Arg/Gln to the standard of care
for PUs among bedridden patients who are older significantly
shortened the healing time in comparison to regular standard of
care without HMB/Arg/GIn treatment. This key finding demon-
strates the significant advantage of adding HMB/Arg/Gln to the
standard of care for PUs among older patients.

Among the possible explanations for the additional benefit pro-
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Table 3. PU healing during study period (n=

45)

Variable Standard of care+HMB/Arg/GIn (n=14) Standard of care (n=31) p-value
PUSH score”
Baseline 13.5 (12.5-15.0) 13.0 (11.0-14.0) 0.21
After 4 weeks
Absolute area reduction 0.0 (-9.1-13.5) 0 (-15.0-2.0) 0.41
Percentage reduction in area 0.0 (-34.6-10.8) 0 (-64.0-45.8) 0.50
Linear advancement of PU edge 0.0 (-0.6-0.3) .0 (-0.9-0.2) 0.42
PUSH score 14.0 (11.5-14.2) 13 0 (10.0-14.0) 0.20
After 8 weeks
Absolute area reduction -14.8 (-19.4-6.8) -5.2(-27.2-1.8) 0.96
Percentage reduction in area -43.2 (-74.1-25.3) -29.4 (-90.6-37.5) 0.69
Linear advancement of PU edge -0.6 (-1.2-0.3) -0.5(-1.8-0.2) 0.74
PUSH score 12.0 (10.0-13.0) 11.0 (9.0-13.0) 0.46
After 12 weeks
Absolute area reduction -19.1 (-23.6-6.0) -7.0 (-33.2-0.0) 0.40
Percentage reduction in area -78.6 (-96.4-44.1) -46.4 (-99.6-0.0) 0.54
Linear advancement of PU edge -1.0 (-1.6-0.7) -0.4 (-2.5-0.0) 0.55
PUSH score 9.5(2.0-12.0) 9.0 (0.0-12.0) 0.86
After 16 weeks
Absolute area reduction -21.0(-27.2-3.0) -4.8 (-23.8-0.0) 0.40
Percentage reduction in area -86.4 (-100.0-64.5) -60.2 (-96.3-0.0) 0.22
Linear advancement of PU edge -1 3 (-2.1-0.8) —O 6 (-2.0-0.0) 0.36
PUSH score 0(0.0-11.0) 0 (0.0-12.0) 0.87
After 20 weeks
Absolute area reduction -24.0 (-36.1-3.8) -49 (-15.4-1.8) 0.1
Percentage reduction in area -98.2 (-100.0-83.8) -62.4 (-97.0-26.9) 0.08
Linear advancement of PU edge —1 8(-2.3-0.9) —06 (-1.7-0.1) 0.10
PUSH score .5 (0.0-10.0) .0 (0.0-10.2) 0.81
Follow-up outcome”
Complete healing 7 (50.0) 29 (93.5)
Discharge 6 (42.9) 1(3.2)
End of study follow-up 1(7.1) 1(3.2)
Time to complete healing (day)® 170.0 (85.7-254.3) 218.0 (149.2-286.7) 0.046
Blood level at the end of follow-up”
Albumin (g/L) 3.1 (2.9-3.3) 32 (2.9-3.4) 0.74
Hemoglobin (g/dL) 9.2 (8.1-10.1) 10.5 (9.9-11.6) 0.003

Values are presented as “median (interquartile range), “number (%), or “median (95% confidence interval).
PU, pressure ulcer; HMB, beta-hydroxy-beta-methylbutyrate; Arg, arginine; GIn, glutamine; PUSH, Pressure Ulcer Scale for Healing tool, ver. 3.

Table 4. Summary of univariate analysis revealing the possible fac-

tors predicted pressure ulcer healing (n=45)

Variable HR (95% Cl) p-value
Age 0.99 (0.94-1.03) 0.61
Sex 1.05 (0.54-2.04) 0.89
Main diagnosis 0.75

Neurologic disease Reference

Cardiac disease 1.12 (0.32-3.94) 0.86

Others and miscellaneous 0.79 (0.39-1.62) 0.52
Rectangular area 1.003 (0.99-1.01) 0.63
Elliptical area 1.003 (0.99-1.02) 0.63
Shape measurement 1.003 (0.99-1.02) 0.63
Perimeter 1.01 (0.98-1.04) 0.38
HMB 2.46 (1.00-6.12) 0.053

HR, hazard ratio; Cl, confidence interval; HMB, beta-hydroxy-beta-meth-

ylbutyrate.

vided by HMB/Arg/Gln in the healing of PUs in the current study
are improved nitrogen balance, not necessarily due to a reduction
in the rate of protein metabolism [29]; promotion of collagen pro-
duction [9], including among patients who are diabetic [6]; and
improvements in hematological parameters [30], protein balance
(7], vascular endothelial function [ 12], and inflammation [31].

It must be emphasized that, at the start of the follow-up period,
no differences were detected between the study subgroups with re-
spect to matching indices (age, sex, main diagnoses, baseline area,
and PU perimeter) or other indices (e.g., prevalence of participants
who had been on PMV and DM prevalence). However, the partic-
ipants in the study group were more complicated with respect to
additional measures (CCI, PU stage, and blood hemoglobin level),
which became clearer during the data analysis stage of the study
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------------ Standard of care (n=31)
—— Standard of care+HMB/Arg/GIn (n=14)
p<0.053

Cumulative survival

T
730.00

T
365.00

T T - T
1,035.00 1,460.00 1,825.00
Time (day)

Fig. 1. Time to pressure ulcer healing (n=45). HMB, beta-
hydroxy-beta-methylbutyrate; Arg, arginine; GIn, glutamine.

(Table 2). We are certain that all these measures made a significant
contribution to the finding of an absence of differences in the rela-
tive healing rates between the study subgroups and lengthening of
the time to healing of PUs.

In addition, what cannot be ignored is the fact that, during fol-
low-up, the increase in blood hemoglobin level was higher in the
study group (median change from baseline, 0.75 g/dL; p < 0.07)
than in the control group (median change from baseline, 0.4 g/dL;
p<0.05). This was in accordance with an earlier study in this area
in which an improvement in hematological measures in general
and an increase in blood hemoglobin levels in particular were ob-
served as a result of the addition of HMB/Arg/Gln treatment
among healthy adult males, patients with AIDS-associated weight
loss, and patients with cancer who were experiencing wasting [ 28].

The importance of this pilot study is that it describes the associa-
tion between long-term nutritional interventions with HMB/Arg/
Gln and PU healing, and the resulting health benefits for sedentary
older adults with significant comorbidities in geriatric and rehabili-
tation facilities.

Simple ruler methods (rectangular area) are easy to use and are
inexpensive, but they overestimate the wound area. Mathematical
models (elliptical area and shape measurement) are fast, easy to
use, and noninvasive, but are inaccurate when assessing wounds
with irregular shapes. In our study, these methods were used for
between-population comparisons only, and not for the estimation
of the treatment effect on wound area.

Currently, no simple, valid, and reliable technique for measuring
wound volume is available. The overall clinical benefit of measur-
ing wound volume has not been established; therefore, it cannot
be recommended [20,24,26]. As a result, this measurement was
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not performed in the current study.

It is possible that mostly complicated cases were included in the
current study, namely older patients with multiple comorbidities
and complicated PUs that required treatment intervention for a
prolonged period of 6 months or longer. In previous studies, the
follow-up period was considerably shorter (4 weeks) in one retro-
spective study [4] and up to 16 weeks in randomized controlled
trials [3,5,13]. However, with the prolongation of life expectancy
and current improvements in medical technologies, there is a pos-
sibility that our sample population is representative of a real-world
population of older adults today and in the near future.

In conclusion, the long-term addition of HMB/Arg/Gln to the
standard treatment regimen for PUs among bedridden older pa-
tients with substantial comorbidities in geriatric and rehabilitation
facilities significantly shortens the healing time of PUs in compari-
son to the standard of care regimen without HMB/Arg/Gln. It is
recommended that a controlled clinical study (double-blind) be
conducted to obtain reliable empirical evidence of the assumed
impact of the long-term addition of HMB/Arg/Gln in the treat-
ment of PUs among the bedridden older population.
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