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Background: Severe frailty, which is the highest level of frailty, leads to multiple health impairments that
may individually affect the plasma-free amino acid (PFAA) profile. However, the PFAA profile of severely
frail patients has not been clarified. The aim of this study was to describe the PFAA profile of severely frail
elderly patients.
Methods: Elderly patients (aged �65 years) who were admitted to the Nukada Institute for Medical and
Biological Research (Chiba, Japan) were included. Severe frailty was defined using the Canadian Study of
Health and Aging Clinical Frailty Scale. Subjects were divided into non-frail and severely frail groups.
The PFAA profile and clinical characteristics of the subjects were analyzed.
Results: Compared to the non-frail group (n ¼ 31), the severely frail group (n ¼ 28) had lower body mass
index (BMI), serum albumin, serum prealbumin, hemoglobin, and blood pressure and higher C-reactive
protein. Seventy-nine percent of severely frail patients had cognitive impairment. Severely frail patients
had significantly lower essential amino acid (EAA) plasma concentrations than non-frail patients. Mul-
tiple linear regression analysis identified that valine (p ¼ 0.005) was strongly associated with BMI. Valine
(p ¼ 0.004), leucine (p ¼ 0.004), tryptophan (p ¼ 0.006), lysine (p < 0.001), and total EAA (p < 0.001)
levels were significantly associated with serum prealbumin levels.
Conclusion: Severely frail patients had multiple health impairments. BMI and nutritional status were
most significantly associated with low EAA levels.
Copyright © 2018, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Frailty is a commonmultidimensional geriatric syndrome that is
characterized by increased vulnerability and declined physiological
reserves.1 Frailty can predict a patient's risk of death and the need
for institutional care.1e4 According to the Canadian Study of Health
and Aging Clinical Frailty Scale (CSHA-CFS),2 which has strong
predictive validity and prognostic power based on clinical judg-
ment, “severe frailty” is the highest level of frailty. It is categorized
by terminal illness or complete dependency on others for activities
of daily living. Within a few years of being classified as severely
frail, patients show a markedly higher morbidity rate.2,5,6 Thus,
inomoto Co., Inc., 1-1, Suzuki-
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intervention programs designed to improve frailty are critical to
improve quality of life and to extend longevity.

Amino acids play important roles in both physical and mental
functions as nutrients and regulators. Plasma-free amino acids
(PFAAs) circulate abundantly and are affected by metabolic
disturbances. Recent studies identified abnormal PFAA profiles in
age-related diseases,7e9 indicating that abnormal PFAAmetabolism
may contribute to the pathophysiology of severe frailty. There is
substantial evidence that supplementation of amino acids, partic-
ularly essential amino acids (EAAs), has beneficial effects on both
physical and mental functions in the vulnerable elderly.10e12

Therefore, PFAA profiling of severely frail patients could be bene-
ficial in designing nutritional care programs. However, there is no
evidence regarding the PFAA profile in severe frailty. Severely frail
patients frequently suffer from a combination of multiple health
problems, such as malnutrition and physical and psychiatric
disabilities.2 Since these impairments individually affect the PFAA
icine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
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profile,7e9 frail patients could have unique PFAA patterns. Thus, we
aimed to profile PFAAs in severely frail elderly patients.

2. Materials and methods

2.1. Study design and subjects

We conducted a cross-sectional study between 2008 and 2009
in Chiba, Japan. The study protocol was approved by the Ethics
Committees of the Nukada Institute for Medical and Biological
Research (Chiba, Japan) and the Wayo Women's University (Chiba,
Japan). All subjects or their next-of-kin provided informed consent.
Subjects whowere inpatients or outpatients at the Nukada Institute
for Medical and Biological Research (Chiba, Japan) and were aged
�65 years were enrolled. The exclusion criteria were as follows: (1)
patients who were unwilling to participate, (2) patients who were
not evaluable due to insufficient clinical information and the fact
that a judgement of severe frailty could not be made, and (3)
patients who were diabetic and had uncontrolled blood glucose
levels (hemoglobin A1c >8.0% or fasting blood glucose levels
>160.0 mg/dL). The study participants were divided into non-frail
(NF) and severely frail (SF) groups. The PFAA profile and clinical
Table 1
Clinico-demographic characteristics and plasma-free amino acid profiles of severely fr

Characteristic

SF

(n ¼ 28)

Sex (F/M) 18/10
Age (years), mean ± SD 85.9 ± 9.6
BMI (kg/m2), mean ± SD 17.7 ± 2.7
Albumin (g/dL), mean ± SD 3.4 ± 0.3
Prealbumin (mg/dL), mean ± SD 17.1 ± 5.7
Hb (g/dL), mean ± SD 11.3 ± 1.4
hs-CRP (mg/L), mean ± SD 0.9 ± 1.4
SBP (mmHg), mean ± SD 121.5 ± 14.9
DBP (mmHg), mean ± SD 68.5 ± 9.8
Cognitive impairment, n (%) 22 (78.6)
Calorie intake (kcal/kg/day), mean ± SD 31.1 ± 8.4
Daily nutritional intakes (g/kg/day), mean ± SD
Protein 1.3 ± 0.4
Carbohydrate 4.3 ± 1.3
Lipid 0.9 ± 0.2

Non-EAAs (mM), mean ± SD
Alanine 401.0 ± 109.0
Arginine 92.0 ± 21.0
Asparagine 44.0 ± 6.0
Aspartic acid 2.1 ± 0.8
Glutamic acid 29.0 ± 12.0
Glutamine 636.0 ± 83.0
Glycine 285.0 ± 84.0
Proline 172.0 ± 45.0
Serine 108.0 ± 25.0
Tyrosine 54.0 ± 9.0
TNEAAa 1823.0 ± 195.0

EAAs (mM), mean ± SD
Histidine 67.0 ± 11.0
Isoleucine 51.0 ± 10.0
Leucine 82.0 ± 17.0
Lysine 178.0 ± 22.0
Methionine 21.2 ± 3.5
Phenylalanine 55.7 ± 7.9
Threonine 91.0 ± 28.0
Tryptophan 33.0 ± 9.0
Valine 163.0 ± 29.0
TEAAb 742.0 ± 99.0

AbbreviationsBMI, body mass index; DBP, diastolic blood pressure; EAA, essential amin
male; SBP, systolic blood pressure; SD, standard deviation; TEAA, total EAA; TNEAA, to
*p < 0.05, **p < 0.01, ***p < 0.001 (Welch's t-test).

a TNEAA ¼ alanine þ arginine þ asparagine þ aspartic acid þ glutamic acid þ gluta
b TEAA ¼ histidine þ isoleucine þ leucine þ lysine þ methionine þ phenylalanine þ
characteristics of the patients were analyzed. All data were
analyzed anonymously.

2.2. Clinical assessment

Frailty was evaluated using the CSHA-CFS,2,13 a global clinical
measure of biological age that consists of a 7-point scale with good
predictive validity for mortality and prognostic power that relies on
clinical judgment. This evaluation is based on a bedside judgement
of frailty and other clinical information in the patient's medical
record. Severely frail patients were bedridden and were fed orally.
Subjects in the NF group were identified based on their clinical
features and degree of independence, whichwas assessed using the
activities of daily living classification,14 established by the Japanese
Ministry of Health, Labor, andWelfare. SF subjects were categorized
as rank C/B2 (the lowest ranks) according to the activities of daily
living classification, whereas NF subjects were categorized as rank J
(the highest rank), which indicated that the NF group was
completely independent. The NF group received scores of 1e3
based on the CSHA-CFS, which indicated that these subjects were
NF patients. Cognitive impairment was judged according to the
Nishimura Mental Scale15 and Karasawa's criteria.16
ail (SF) and Non-frail (NF) Patients (n ¼ 59).

Patients p-value

NF

(n ¼ 31)

16/15 0.325
80.3 ± 9.0 0.023*

22.9 ± 3.6 <0.001***

4.2 ± 0.3 <0.001***

27.1 ± 6.9 <0.001***

12.8 ± 2.0 0.003**

0.2 ± 0.3 0.008**

130.5 ± 18.6 0.045*

66.9 ± 10.5 0.549
0 (0.0) <0.001***

31.3 ± 8.4 0.931

1.2 ± 0.4 0.304
4.7 ± 1.4 0.328
0.8 ± 0.3 0.556

407.0 ± 75.0 0.813
101.0 ± 18.0 0.100
43.0 ± 6.0 0.717
2.2 ± 0.7 0.468
31.0 ± 14.0 0.577
593.0 ± 61.0 0.028*

255.0 ± 62.0 0.131
158.0 ± 51.0 0.249
108.0 ± 19.0 0.979
65.0 ± 14.0 0.001**

1762.0 ± 156.0 0.193

75.0 ± 10.0 0.012*

60.0 ± 14.0 0.004**

108.0 ± 20.0 <0.001***

209.0 ± 29.0 <0.001***

25.2 ± 3.8 <0.001***

62.1 ± 8.7 0.004**

122.0 ± 37.0 0.001**

49.0 ± 9.0 <0.001***

220.0 ± 39.0 <0.001***

930.0 ± 110.0 <0.001***

o acid; F, female; Hb, hemoglobin; hs-CRP, high-sensitivity C-reactive protein; M,
tal non-EAA.

mine þ glycine þ proline þ serine þ tyrosine.
threonine þ tryptophan þ valine.



Y. Adachi et al.292
2.3. Biochemical parameters and plasma-free amino acid
concentrations

Blood samples were taken after an overnight fast. Serum
biochemical and hematological parameters were measured by SRL
Inc. (Tokyo, Japan). For the amino acid analysis, blood samples were
collected from the forearm vein into disodium ethylenediamine-
tetraacetate containing tubes and immediately placed on ice.
Plasma was prepared by centrifugation at 800 g at 4 �C for 15 min
and then stored at �80 �C until analysis. The plasma samples were
deproteinized using acetonitrile at a final concentration of 80.0%
before the measurements were made. Plasma amino acid concen-
trations were measured by high-performance liquid chromatog-
raphy electrospray ionization mass spectrometry, followed by
precolumn derivatization, as previously reported.17

2.4. Statistical analyses

Categorical data were analyzed using Fisher's exact test and
continuous datawere analyzed usingWelch's t-test. Multiple linear
regression (MLR) analysis was used to evaluate the contributions
of clinical factors to the PFAA profile. Statistical analyses were
conducted using JMP software version 13.0.0 (SAS Institute Inc.,
Cary, NC, USA). A p < 0.05 was considered statistically significant.

3. Results

Of the 79 subjects enrolled in this study, 20 were not included
because they could not be categorized as NF or SF (n ¼ 18) or they
had uncontrolled diabetes (n ¼ 2). In total, 59 subjects were
included in the analysis. The mean age of the subjects was slightly
higher in the SF group than in the NF group (p ¼ 0.023). Body mass
index (BMI), albumin, prealbumin, and hemoglobin levels were
significantly lower in the SF group than in the NF group (p < 0.05).
High-sensitivity C-reactive protein levels were higher in the SF
Table 2
Pearson's correlation coefficients for the relationship between clinical characteristics an

Variablea Age BMI SBP DBP hs-CRP Hb

Non-Essential Amino Acids
Alanine �0.097 0.159 �0.040 �0.141 �0.208 0.111
Arginine �0.031 0.032 0.260* 0.057 �0.150 �0.042
Asparagine 0.175 �0.239 0.077 0.068 �0.085 �0.031
Aspartic acid �0.145 0.312* �0.020 0.044 0.112 0.151
Glutamic acid �0.067 0.286* �0.054 �0.048 0.243 0.070
Glutamine 0.065 �0.359** 0.151 0.348** 0.153 0.060
Glycine 0.075 �0.154 �0.043 0.164 �0.176 �0.144
Proline 0.178 �0.072 0.041 0.034 0.134 �0.091
Serine �0.099 �0.026 0.129 0.213 �0.096 0.236
Tyrosine 0.012 0.191 0.091 �0.226 �0.027 0.336**

TNEAA 0.041 �0.151 0.081 0.153 �0.097 0.046
Essential Amino Acids
Histidine �0.160 0.190 0.255 0.060 �0.108 0.210
Isoleucine �0.192 0.377** 0.051 �0.309* �0.162 0.155
Leucine �0.227 0.592*** 0.174 �0.178 �0.106 0.354**

Lysine �0.085 0.287* 0.129 �0.018 �0.221 0.302*

Methionine �0.091 0.286* 0.203 �0.086 �0.225 0.346**

Phenylalanine 0.152 0.383** 0.192 �0.332* 0.112 0.124
Threonine �0.083 0.226 0.149 �0.078 �0.295* 0.215
Tryptophan �0.120 0.415** 0.266* �0.156 �0.241 0.370**

Valine �0.237 0.623*** 0.199 �0.206 �0.142 0.302*

TEAA �0.182 0.534*** 0.232 �0.189 �0.234 0.348**

*p < 0.05, **p < 0.01, ***p < 0.001.
a Amino acid concentrations were transformed to z-scores for each sex. Z-scores wer

(r > 0.500); Abbreviations: ALB, albumin; BMI, bodymass index; DBP, diastolic blood press
pressure; TNEAA, total non-essential amino acid; TEAA, total essential amino acid.
group than in the NF group (p ¼ 0.003). Cognitive impairment was
identified in 79% of the subjects in the SF group, but none of the
subjects in the NR group. Macronutrient intake did not differ
significantly between the two groups (p > 0.05; Table 1).

Therewere significant differences between the SF and NF groups
for 11 PFAAs (glutamine, tyrosine, and all EAAs). For non-EAAs,
glutamine and tyrosine levels were higher and lower in the SF
group, respectively. In contrast, all plasma EAA levels were signif-
icantly lower in the SF group (p < 0.05). There was a 20.2% reduc-
tion in the total EAA level in the SF group compared to the NF group
(p < 0.001).

Although several PFAAs indicated significant correlations with
clinical variables, most correlation coefficients were low (Table 2).
However, valine, leucine, lysine, tryptophan, and the total EAA
levels were strongly correlated with BMI, albumin, and prealbumin
levels (r > 0.500). To investigate the contributions of age, sex, BMI,
and nutritional status to PFAA levels, MLR analysis was performed
(Table 3). Because prealbumin is a more sensitive nutritional
marker than albumin,18 we used prealbumin for the MLR analysis,
which indicated that valine was strongly associated with BMI
(Table 3). Valine (p ¼ 0.004), leucine (p ¼ 0.004), lysine (p < 0.001),
tryptophan (p ¼ 0.006), and the total EAA (p < 0.001) levels were
significantly associated with prealbumin levels.
4. Discussion

We detected low plasma EAA levels in SF patients. Such patients
frequently suffer from multiple health impairments.2 Decreased
BMI, which is associated with mortality, is a hallmark feature of
severe frailty.19 According to some reports,20,21 the potential
mechanisms for decreased body composition (muscle and fat mass)
in SF patients include abnormal absorption of nutrients and high
energy expenditure, and disuse muscle atrophy. Therefore, SF
patients are more prone to malnutrition than NF patients. In
agreement with these reports, our study showed that nutritional
d plasma-free Amino acid levels.

ALB Prealbumin Dietary Nutritional Intake

Calorie Protein Carbohydrate Lipid

0.126 0.218 �0.255 �0.267* �0.189 �0.173
0.179 0.169 0.054 0.055 0.036 �0.060
�0.051 �0.005 0.047 0.054 �0.062 �0.105
0.107 0.079 �0.215 �0.162 �0.240 �0.091
0.104 0.050 �0.149 �0.088 �0.152 �0.005
�0.114 �0.186 �0.008 0.027 �0.035 �0.061
�0.137 �0.141 0.053 0.067 0.045 �0.096
�0.152 �0.069 �0.240 �0.302* �0.212 �0.208
0.106 �0.029 �0.159 �0.152 �0.214 �0.262*

0.364** 0.212 �0.056 �0.140 �0.047 �0.171
�0.007 0.010 �0.179 �0.178 �0.174 �0.232

0.460*** 0.458*** �0.021 �0.149 0.017 �0.028
0.246 0.356** �0.127 �0.067 �0.101 �0.013
0.541*** 0.565*** �0.184 �0.198 �0.133 �0.151
0.426*** 0.518*** �0.007 �0.094 0.020 �0.232
0.393** 0.372** �0.084 �0.210 �0.021 �0.216
0.240 0.255 �0.166 �0.200 �0.161 �0.151
0.415** 0.467*** 0.044 �0.088 0.029 �0.028
0.578*** 0.512*** 0.012 �0.082 �0.001 �0.100
0.535*** 0.561*** �0.150 �0.152 �0.082 �0.124
0.597*** 0.670*** �0.083 �0.161 �0.051 �0.147

e used for the correlation analysis. High correlation coefficients are shown in bold
ure; Hb, hemoglobin; hs-CRP, high-sensitivity C-reactive protein; SBP, systolic blood



Table 3
Multivariate linear regression analysis of the association between clinical charac-
teristics and plasma-free amino acid levels.

Variable Age Sex BMI Hb Prealbumin

Valine 0.844 0.465 0.005** 0.392 0.004**

Leucine 0.614 0.100 0.025 0.075 0.004**

Tryptophan 0.258 0.833 0.306 0.098 0.006**

Lysine 0.107 0.325 0.845 0.141 <0.001***

TEAA 0.138 0.094 0.127 0.124 <0.001***

**p < 0.01, ***p < 0.001 (Bonferroni corrected).
Abbreviations: BMI, body mass index; Hb, hemoglobin; TEAA, total essential amino
acid.
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marker levels (serum albumin and prealbumin) were significantly
lower in the SF group than in the NF group, despite no differences in
food and nutrient intakes between the two groups. This suggests
that the SF group may require more energy and nutrition to
maintain nutritional status and body composition.

Previous studies have demonstrated that body composition
parameters positively correlated with plasma branched-chain
amino acids.8,22 We observed that BMI was reduced in the SF
group and that it was significantly correlated with plasma valine
level. Thus, the reduced plasma valine levels in SF patients may be
due to altered body composition. Conversely, we showed that
reduced plasma EAA levels in SF patients could result from their
poor nutritional status (defined by serum albumin and prealbumin
levels). A previous study reported that protein-energy malnutrition
in elderly subjects resulted in reduced plasma levels of all EAAs,7

which was comparable to our findings. Thus, the low EAA profile
in SF patients can mainly be explained by alterations in body
composition and malnutrition.

However, altered amino acid metabolism could also affect body
composition and nutritional status (and vice versa). EAAs, especially
branched-chain amino acids, regulate protein synthesis and
nutritional status by activating the mammalian target of rapamycin
complex.23,24 Furthermore, EAAs act as precursors of important
neurotransmitters, such as catecholamines (phenylalanine), hista-
mine (histidine), and serotonin (tryptophan). Our findings consider
the hypothesis that low EAA levels could affect health conditions
and nutritional status, because EAAs have several physiological
functions. In fact, there is substantial evidence that EAA supple-
mentation improves physical and mental functions through direct
and indirect effects.10e12,25e30 Therefore, the supplementation of
EAAs could exert beneficial effects in SF patients with a low plasma
EAA profile. However, this study has an important limitation. Due
to its cross-sectional design, direct associations between health
conditions and PFAA profiles were not sufficiently proven. Future
intervention studies of EAAs are needed.

In conclusion, we found that SF patients have low plasma EAA
levels, which may be due to low a BMI and insufficient nutritional
intake. Therefore, the supplementation of EAAs could have a
beneficial effect in SF patients.
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