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Background: It is not known whether amino acid supplementations may influence health status
in hospitalized older acutely ill patients.

Aim: The aim of this study was to determine whether nutritional supplementation with amino
acids (Aminoglutam®) is associated with multidimensional improvement assessed with the
Multidimensional Prognostic Index (MPI).

Methods: In this randomized, double-blind, placebo-controlled pilot clinical trial, 126 patients
aged =65 years were enrolled from 6 Italian geriatric wards. A multidimensional assessment
to calculate the MPI was performed at baseline and after 4 weeks of treatment with nutritional
supplementation (96 kcal, 12 g amino acids, 0.18 g fat, 11.6 g carbohydrate, and vitamins B1,
B6, and C) or placebo administered twice a day. Logistic regression modeling was applied to
determine the effect of treatment on the improvement of MPI (vs no-change/worsening), adjust-
ing for gender, age, and MPI at baseline. Treatment’s interactions with age, gender, and MPI at
baseline were tested adding the appropriate interaction parameter in the regression models.
Results: Of the 126 patients included, 117 patients (93%) completed the study. A significant
improvement in the MPI score was detected in the overall population (mean difference post-
pretreatment: —0.03, p=0.001), with no differences between active and placebo arms. Men in
the amino acid supplementation group had a significantly higher rate of improvement in MPI
(81%) compared to the placebo group (46%) (Fisher’s exact test p=0.03). Adjusting for age,
diagnosis, and MPI at baseline, amino acid treatment was shown to be associated with an
improvement in MPI in men (OR=4.82, 95% confidence interval [CI]: 0.87-26.7) and not in
women (OR=0.70, 95% CI: 0.27—-1.81). The interaction effect between active treatment and
gender was significant (p=0.04).

Conclusion: A 4-week amino acid supplementation improved the MPI significantly in hospi-
talized older male patients but not in female patients. Further studies are needed to confirm the
gender effect of amino acid supplementation on MPI in older patients.

Keywords: Multidimensional Prognostic Index, aging, hospitalization, oral supplementation,

amino acids

Introduction

Hospitalization for an acute medical event represents a stressful and potentially
hazardous event for older persons, which often leads to important clinical complica-
tions, including functional decline, prolonged length of stay, and death.! Besides the
disabling effect of the acute event, hospitalization itself might represent an additional
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stressor in terms of environmental hazard, reduced caloric
intake, low physical activity or prolonged bed rest, depressed
mood, and social isolation.? For example, in older patients,
hospitalization and prolonged bed rest have been associ-
ated with increased risk of incident sarcopenia and func-
tional decline.’?

Malnutrition, and specifically energy—protein malnutri-
tion, is common in older patients, and hospitalized patients
are often at risk of malnutrition during hospital stay.* An
optimal amino acid availability not only is fundamental to
guarantee an adequate protein synthesis but also plays a
crucial role in several conditions characterized by a hyper-
catabolic state including many acute diseases, cancers, and
inflammatory conditions.> Malnutrition is associated with
poor health status and poor clinical outcomes in hospitalized
adults, including prolonged hospital stay, increased risk of
hospital readmission, and increased mortality.®

Several studies investigated the effect of oral nutritional
supplementation on nutritional status and clinical outcomes
in older patients admitted to the hospital. Globally taken,
these studies suggest that oral supplementation increased
nutritional status, including body weight, but the effect on
more relevant clinical outcomes is still controversial.’

This pilot study evaluated the effect of a nutritional
supplement containing 12 g of amino acids on post-discharge
health status, assessed using the Multidimensional Prognos-
tic Index (MPI). MPI is a prognostic instrument based on 6
commonly used geriatric assessment scales exploring cogni-
tive, functional, nutritional, and clinical status, as well as on
information about drugs taken and patient’s social support.®
MPI is an accurate index to assess mortality risk and overall
health status of older people; in older hospitalized patients,
MPI predicts length of hospital stay, in-hospital mortality,
and long-term mortality after hospital discharge.”'® We
hypothesized that compared to patients allocated to placebo,
those randomized to amino acid supplementation signifi-
cantly improve the MPI score over the follow-up.

Methods

Study design

The Frailty and Amino acid supplementation (FRAMINO)
study was a pilot multicenter, prospective, randomized,
double-blind, placebo-controlled, parallel group study con-
ducted in Italy between June 1, 2014, and January 31, 2016.
The study evaluated the effects of Aminoglutam® (AG) vs
placebo on the changes in the overall health status in older
hospitalized adults. As per the initial protocol, change in the
MPI score at 30 days after randomization was the primary

outcome. Patient assessments were performed at baseline and
30 days after randomization or at study discontinuation and
included the same clinical evaluation performed at baseline.
The protocol received approval from the ethical committee
of the coordinating center (Comitato Etico IRCCS “Casa
Sollievo della Sofferenza” — San Giovanni Rotondo, Foggia)
and from ethical committees of all other sites (Comitato Etico
Azienda ULSS 16 — Padova — Nucleo per la Ricerca clinica;
Comitato Etico unico della provincia di Ferrara; Comitato
Etico Regionale [CER] — Regione Liguria; Comitato Etico
per la Sperimentazione Clinica della Provincia di Rovigo;
and Comitato Etico per la sperimentazione clinica delle
province di Treviso e Belluno). All patients provided written
informed consent.

Patients
All patients aged 65 years or more consecutively admitted
to participating hospital wards entered the study protocol
regardless of the diagnosis of admission. Eligible patients
were required to have an MPI grade 2 or 3 (expression of
moderate or severe mortality risk, respectively). Exclusion
criteria were current active advanced cancer or severe organ
failure that might prevent the 30-day follow-up evaluation.
MPI is a validated prognostic index based on a Compre-
hensive Geriatric Assessment (CGA) that accurately predicts
short- and long-term mortality in older people in different
clinical settings and affected by different medical conditions.
To calculate the MPI, a standardized CGA was performed
within 48 hours from admission to collect information on
basic activities of daily living (ADL) and instrumental activi-
ties of daily living (IADL) according to the Katz et al'' and the
Lawton—Brody'? scales, respectively. Cognitive status was
evaluated using the Short Portable Mental Status Question-
naire (SPMSQ)."* Comorbidity burden was evaluated using
the comorbidity subscale of the cumulative illness rating
scale (CIRS),'* and nutritional status was assessed through
the mini nutritional assessment (MNA)."* The Exton—Smith
scale (ESS) was used to evaluate the risk of developing pres-
sure ulcers.'® The number of medications taken at home and
co-habitation status (alone, in institution, and with family)
was recorded. All site personnel were trained on MPI admin-
istration and evaluation.

Study treatments

After eligibility criteria were ascertained, patients were
randomized (1:1) through a centralized allocation system to
receive either AG or placebo twice daily during hospitaliza-
tion and 30 days after randomization. After randomization,
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both groups of patients continued the pharmacological and/or
dietetic prescription indicated by the attending physician,
and after hospital discharge they continued that prescribed
by the primary care physician. AG is a specialized, dietetic
aliment (Errekappa Euroterapici S.p.a., Milan, Italy) with
96 kcal, 12 g amino acids (including essential amino acids),
0.18 g fat, 11.6 g carbohydrate, and vitamins B1, B6, and C.
Placebo and AG formula share only excipients, intended as
not therapeutic agents. The detailed nutritional composition
of AG is presented in Table S1.

Outcomes

The primary outcome for the study was change in the MPI
score at the end of the 4-week follow-up period. Other efficacy
end points included change in distribution of the MPI group
and likelihood of MPI improvement over the follow-up. As
pre-specified in the study protocol, secondary analyses were
stratified according to the baseline MPI group and gender.

Statistical analysis

Efficacy analyses were performed on the intention-to-treat
(ITT) population, defined a priori as all enrolled patients
who received any amount of allocated intervention. The
sample size was calculated based on the 30-day change in
the MPI score. With a sample size of 60 patients per arm, the
study was 95% powered to detect a MPI change difference
of =0.07 in the active arm, assuming no change in the placebo
arm. The sample size calculation was performed assuming an
SD of the MPI difference equal to 0.15 (previous studies?’)
and a 0.01 2-sided alpha level.

Demographics and clinical characteristics were summa-
rized using mean and SD for continuous factors and absolute
and relative (%) frequencies for categorical factors. Pearson
chi-square or Fisher’s exact tests and independent sample
t-test were adopted to compare categorical and continuous
variables, respectively, between arms. Changes in primary
(MPI) and component efficacy end points according to the
treatments groups were analyzed and compared using the
paired #-test and ANCOVA, setting the change in MPI as a
dependent variable and treatment as explanatory, adjusting
for main demographics and clinical factors. Logistic regres-
sion analysis was adopted to investigate the likelihood of
MPI improvement (vs no change or worsening) at the end
of the follow-up as a function of treatment group, adjusting
for age and MPI at baseline.

Results

Patients

A total of 126 patients were enrolled from 6 sites (62 AG and
64 placebo) and are included in the ITT population; 9 patients
(2 AG and 7 placebo) exited the study prior to the 30-day
follow-up visit: 5 because of side effects and 4 because they
were lost to follow-up (Figure 1). Overall, clinical outcomes
were unavailable from 2 and 7 patients in the AG and placebo
groups, respectively. Demographics, clinical characteristics,
and conditions leading to hospital admission were compa-
rable between groups, except for the prevalence of patients
malnourished or at risk of malnutrition (MNA score <24),
which was greater in the active intervention group (Table 1).
Patients randomized to placebo were more likely to be male

Hospital admission

126 underwent randomization

A

y

62 randomized to the
aminoglutam group

64 randomized to the
placebo group

v

Hospital discharge A

1 lost at follow-up
1 withdrawn for side effects

3 lost at follow-up
4 withdrawn for side effects

A 4

A 4

30-day follow-up

60 included in primary
outcome analysis

57 included in primary
outcome analysis

Figure | Study design and number of patients enrolled and included in the analysis.
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Table | Baseline selected demographic and clinical characteristics
of the treatment groups

Characteristics Active Placebo p-value
(n=62) (n=64)
Age, years mean (£SD) 845 (6.0)0 84.7(56) 0.792
Gender (M/F, % of M) 17/45,27.4  25/39,39.1 0.189
BMI, kg/m* mean (£SD) 232(32) 234(41) 0805
Calf circumference, cm mean (+SD) 30.9 (2.7) 31.8(2.6) 0.074
Primary admission conditions, n (%)
Cardiovascular 24 (38.7) 19 (29.7) 0.348
Pulmonary 10 (l6.1) 12 (18.8) 0816
Neurological 5(8.1) 6(94) |
Gastroenterological 4 (6.5) 4 (6.3) |
Osteoarticular 4 (6.5) 3(47) 0.715
Cerebrovascular diseases 2 (3.2) 3(4.7) 1.000
Sepsis 4 (6.5) 0(-) 0.056
Others 9 (14.5) 17 (26.6) 0.124
MPI mean (+SD) 0.57 (0.16) 0.54 (0.17) 0.275
SPMSQ 3.58(2.85) 3.20 (2.90) 0.463
Exton—Smith scale 14.58 (2.81) 14.97 (3.20) 0.471
ADL 2.79 (2.00) 3.38(2.23) 0.124
IADL 2,66 (2.25) 2.83(2.24) 0.677
CIRS 3.89(2.04) 3.80(1.80) 0.793
MNA 17.48 (5.12) 18.51 (4.79) 0.246
MNA score <24,* N (%) 57 (91.9) 50 (78.1) 0.036
Number of drugs 6.47 (249) 6.42(2.53) 0919

Note: *MNA score <24: malnourished or at risk of malnutrition.
Abbreviations: ADL, activities of daily living; BMI, body mass index; CIRS,
cumulative illness rating scale; F, female; IADL, instrumental activities of daily living;
M, male; MNA, mini nutritional assessment; MPI, Multidimensional Prognostic Index;
SPMSQ, Short Portable Mental State Questionnaire.

and had more ADL impairment, but the differences were
not statistically significant. Acute cardiovascular disease
(34%) and acute pulmonary conditions (17.4%) were the
most common causes of hospitalization.

Efficacy end points
At the 30-day follow-up visit, the MPI score significantly
decreased in the overall sample (—0.03, 95% confidence

0.9 | [] Placebo [] Active |
0.8
0.7
0.6

0.5

| {
0.3 1
0.2
01

0.48
(0.29-0.66)

0.38
(0.22-0.53)

Probability of improvement

Female

Figure 2 Improvement in MPI score at follow-up, according to treatments and gender.
Abbreviation: MPI, Multidimensional Prognostic Index.

interval [CI] —0.05 to —0.01) without significant differences
between study groups, suggesting an overall improvement
of the health status of the study population over time, inde-
pendently of AG treatment (Figure 2).

Analysis of single components of MPI (Table 2) dem-
onstrated similar difference between treatment groups; the
placebo group experienced a greater increase in the ESS score
compared to the AG group, although the difference was only
of borderline statistical significance (p=0.07).

The MPI score improved in approximately 50% of patients
at day 30 without significant difference between groups (51.7
and 47.4% in the AG and placebo groups, respectively)
(Figure 3). However, men in AG supplementation group had
a significantly higher rate of improvement compared to the
placebo counterpart (81.3 vs 45.8%, p=0.03). After adjust-
ment for age and baseline MPI score, we found a significant
interaction between gender and treatment (p=0.05), suggest-
ing that the effect of amino acid supplementation on MPI
change is different in men compared to women.

Safety

A very small proportion of patients (5, 3.9% of the study
population) reported treatment adverse events, 1 in the AG
group and 4 in the placebo group, respectively (Fisher’s exact
test: 0.365). The reported adverse events were headache
(1 patient in AG), diarrhea (3 cases in the placebo group),
and vomiting (1 patient in the placebo group).

Discussion

Decline in health and functional status is common in older
patients admitted to the hospital for an acute medical event,
and sarcopenia is often associated with both hospitalization

0.80
(0.59-1.00)

0.50
(0.28-0.71)

Male
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Table 2 Change in primary (MPl) and component efficacy end
points according to the treatment groups

Variable Active Placebo p-value
MPI —0.03 (0.10) -0.04 (0.11) 0.367
SPMSQ —0.17 (1.43) —0.35 (1.98) 0.563
Exton—Smith scale +0.10 (1.98) +0.82 (2.29) 0.070
ADL +0.10 (1.20) +0.39 (1.39) 0.235
IADL —-0.27 (1.30) 0.00 (1.04) 0.194
CIRS 0.00 (1.40) +0.04 (1.25) 0.887
MNA +1.01 (4.03) +0.92 (3.29) 0.894
Number of drugs —0.18 (2.01) -0.23 (2.07) 0.906

Note: Data are presented as mean (+standard deviation).

Abbreviations: ADL, activities of daily living; CIRS, cumulative illness rating scale;
IADL, instrumental activities of daily livingg MNA, mini nutritional assessment; MPI,
Multidimensional Prognostic Index; SPMSQ, Short Portable Mental State Questionnaire.

and loss of function.!” Oral amino acid supplementation is
considered an effective intervention to prevent or attenuate
the loss of muscle mass and strength associated with inac-
tivity and reduced intake of nutrients.'®!* Furthermore, it
has been suggested that amino acid supplementation might
counteract other negative multisystemic biological pathways,
including insulin resistance, systemic inflammation, and
enhanced oxidative stress, that are often activated in older
acute patients.?

This study investigated the effect of adding a specialized
dietetic aliment with 12 g of amino acids to standard of care

on change in global health status as measured by the MPI
score. One month after treatment, the MPI score significantly
decreased in the overall sample without significant differ-
ences in both study groups. This finding suggests that the
overall improvement of the health status of the study popula-
tion over time is independent of AG treatment. Nevertheless,
in the analysis stratified according to gender, we found that
men allocated in the experimental group had a significantly
higher probability of MPI improvement compared to the
counterpart allocated to placebo, whereas no difference was
detected in women.

These findings are in line with the results of a recent
meta-analysis of trials conducted on medical inpatients that
did not show any significant effect of nutritional supple-
mentation on mortality, inhospital infection, and functional
status.'* Similarly, a previous Cochrane systematic review
and meta-analysis®! failed to demonstrate a clear significant
benefit of protein and energy supplementation in terms of
functional status in older people at risk of malnutrition.
A more recent study, not included in the abovementioned
meta-analyses,”? demonstrated that among acutely ill
malnourished older patients, oral nutrition and caloric
supplementation including known essential macro- and
micronutrients, high protein composition supplemented
with beta-hydroxy beta-methylbutyrate decreased mortality

1.00
™ Baseline Follow-up
= 0.80
(&]
X
n
[=2]
& 0.60
©
; I
3 I
2 040
[}
Q
n
o
= 020
0.00
Placebo Active
Treatment group MPI baseline MPI follow-up p-value
mean (SD) mean (SD)
Overall 0.55(0.17) 0.52 (0.17) 0.001
Placebo 0.53 (0.17) 0.48 (0.17) 0.007
Active 0.57 (0.16) 0.55 (0.16) 0.06

Figure 3 Likelihood of MPI improvement at follow-up according to the treatment group and gender.

Abbreviations: Cl, confidence interval; MPI, Multidimensional Prognostic Index.
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and improved indices of nutritional status during the 90-day
observation period, but no information was collected on
functional and overall health status. Conversely, when oral
nutritional supplementation has been combined with physical
exercise program, a significant benefit in terms of muscle
mass, muscle strength, physical performance, and quality
of life has been demonstrated in both frail institutionalized
older people® and sarcopenic patients enrolled in rehabilita-
tion programs.*

Only a few studies specifically investigated the effect of
oral amino acid supplementation using a composite indica-
tor of global health status like the MPI. Indeed, most of
the previous studies investigated single specific aspects of
health status including muscle mass, grip strength, physi-
cal performance, ADL disability, and quality of life. MPI
summarizes in a single score the status of several domains
of health of older people including functional and cognitive
status, nutritional status, multimorbidity, polypharmacy,
and social status. Impairment of these domains has been
recognized as key determinant of frailty of older people.
Globally taken, the results of our study did not confirm the
hypothesis that oral amino acid supplementation for a period
of 4 weeks significantly reduces the frailty status and overall
health condition in acutely ill patients after being discharged
from the hospital. However, in line with previous studies that
demonstrated a greater response to amino acid supplementa-
tion in men compared to women,?>% this study suggests that
oral amino acid supplementation might be more effective in
men compared to women.

MPI might not be sensitive enough to capture the effect
of amino acid supplementation. Although no effect was
detected on any of the different domains assessed by MPI,
we were not able to assess differences in other potential
end points including muscle mass, strength, and function.
A second potential explanation for the lack of difference in
the primary outcome of the study might be a very high rate of
MPI improvement during the follow-up. Indeed, in a previous
observational study conducted in a large cohort of hospital-
ized older patients, we demonstrated a mean MPI change
of —0.003 points between baseline and hospital discharge.”’
Conversely, in this study, the average MPI change was —0.03,
which is 10 times higher compared to the previous observa-
tion; furthermore, MPI score significantly improved in both
study groups reducing the likelihood of detecting a significant
effect of the active intervention. Finally, 4 weeks of nutri-
tional supplementation might not be sufficient to achieve a
significant improvement of the overall health status of older
frail patients.

This double-blind, randomized, placebo-controlled
study showed that a specialized, dietetic aliment with 12 g
amino acids did not alter the primary composite end point of
MPI change after 30-day treatment period in an unselected
sample of acutely ill older adults hospitalized for an acute
medical problem. However, oral amino acid supplementation
in addition to the standard care was associated with higher
likelihood of MPI improvement among men. Further analy-
ses are required to confirm and understand the biological
mechanism(s) underlying these observed effects.
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Table S1 Composition of one sachet of Aminoglutam®

Components Amount

Amino acids

L-Glutamine 7,000 mg
L-Leucine 1,562.5 mg
L-Lysine 812 mg
L-Isoleucine 781.25 mg
L-Valine 781.25 mg
L-Threonine 437.5 mg
L-Cysteine 187.5 mg
L-Histidine 187.5 mg
L-Phenylalanine 125 mg
L-Methionine 62.5 mg
L-Tyrosine 37.5mg
L-Tryptophan 25 mg
Vitamins
Vitamin C 15 mg
Vitamin B6 0.15 mg
Vitamin Bl 0.15 mg
Proteins 0.0 mg
Carbohydrates I1.6g
Fats 0.18g
Total energy 96 kcal
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