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Effects of dietary supplements on the Fischer ratio
before and after pulmonary rehabilitation
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Recently, efforts in comprehensive pulmonary relitatibn for COPD have been made, including education
physical therapy, occupational therapy, nutritiomrsing, medication and counseling. Each patiecuides on a
different element. Supplying adequate nutrition,oag others, is essential for comprehensive pulmyonar
rehabilitation, as well as survival. In this stuttye utility of efficient nutritional supplemertigrapy before and
after pulmonary physical therapy was investigatgdatiding an amino acid drink with a high Fisheiordb
comprehensive pulmonary rehabilitation. The subjesere eight patients with COPD with obstructive
ventilation disorder as severe as 31.5 + 6% of EED%. Pulmonary physical therapy was performedefght
weeks in a group administered one bottle of diesayplement with a high Fisher ratio abundant snbhed
chain amino acids once daily (200 kCal/200 mL, Righ&o 40), and in another group without admirigtm.
Before and after the physical therapy, six-minutking examination, QOL assessment (using CRQ), serum
protein and serum Fisher ratio were comparativegnméned between the two groups. After the eightkseof
pulmonary physical therapy, serum Fisher ratioseveidently reduced and serum protein measuremeTes
also decreased in the group without dietary suppfgrabundant in branched chain amino acids. Adcghd
more amino acid is needed due to enhanced consampfi muscular protein during pulmonary physical
therapy, during which nutrient ingestion includiagufficient amount of branched amino acid is nemss It is

an important element in continuing comprehensivepaary rehabilitation for a longer period.

Key Words: chronic obstructive pulmonary disease, branched-chain amino acid, Fisher ratio, nutrition assessment,
pulmonary rehabilitation

Introduction importantly, dysfunction of the respiratory musdesnore
An epidemiological study on "emaciation” or weidbss, significant with reduction in respiratory muscleigig in a
one of the clinical characteristics of COPD, repdtat sub-nutritional state. For example, the respisatouscle
patients with weight loss have a high incidenceespi- tension of a human with weight loss of 71% of ttemdard
ratory failure or high cumulative mortality. In Western weight is reduced as much as 37% compared withmhu
counties, it is considered that there is a closatiomship of normal weight both in the expiratory and asjpirat
between COPT and emaciation. In Japan, there amena muscles. That is, reduction in respiratory muscle tone is
ber of patients with pulmonary emphysema and emaciar more significant than reduction in body weight
tion among COPD patients. muscle mass. Respiratory muscle reduction in stdje
Emaciation due to nutritional disturbance selyer with subnutrition is attributed to disturbance laatrolytes
affects the structure and function of the respisatoand minerals. Hypophosphatemia, hypocalcemia apd-hy
muscles® The weight and thickness of the respiratorialemia reduce the contractive force of the diaghra
muscles are reduced and atrophied, attenuating ¢bei muscle®’ In addition, subnutrition can decrease various
tractility solely due to weight loss. For examplegight enzymes in the glycolysis pathway, oxidases andrage
loss has a good correlation with muscle mass remucf lated phosphorylation energy and increase intraleell
the diaphragm in results from a classical studyiuman calcium levels in the respiratory myocytes, prownoki
autopsy cases by Arofa.In addition, weight loss affects reduction of the respiratory muscles. Thatsighificant
the diaphragm more significantly than the myocardiu
That is, it seems that the myocardium may be regista

nutritional disturbance, but the diaphragm may becsp- - - -
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Table 1. Patient characteristics

Table 2. Nutritional status

Ingestion group No-ingestion
(4 patients)  group (4 patients)

Ingestion group No-ingestion
(4 patients)  group (4 patients)

Age (years) 70.2 £ 6.7 715 + 34 ZollBV_V e 86 + 6 83 15
Body weight (kg) ~ 50.2 + 4.8 482 + 122 (bae]?cfr'gf ingested 1600 + 1500 1650 + 120
Height (cm) 163 +3.8 1619 = 7.9 Calories ingested 1900 +180 1820 + 110
%VC 86 +13 83 + 15 (8 weeks after) 190 + 52 e .
BEE 1090 £ 5 1076 =+ 15
FEV 1.0% 31+5 32 7 Calori
oo 175 + 19 171 + 21
ingested /BEE = *

subnutrition attenuates energy supply during muscle
traction by reducing glycolytic energy activity ithe
muscle tissué. It is also thought that reduction of accu-
mulated energy in the muscular fiber is anotheiseanf
muscle power reduction in a subnutritional statéow-
ever, in patients with anorexia nervosa, reducagira-
tory muscle tone due to subnutrition is recovergcb-
rition supply at a much earlier period than musuotss’
This shows that muscle power reduction associatéid wi
subnutrition can be corrected by recovering elégis,
minerals and the energy generating system by utistif
nutrition at an earlier phase (the period befor rico-
very of respiratory muscle mass).

What nutrients are effective for nutrition ®OPD
patients who are underweight. Odessey and cowafker

reported that hydrocarbons were depleted and beahch

chain amino acids (BCAA) are used 10-20 fold mare i
the diaphragms of fasting mice than in the diapmagf
normal mice, indicating the importance of BCAA as a
energy substrate. Another stdtlyeported that amino
acid imbalance reflecting the reduction of the Résc
ratio (BCAA/AAA) was found in half of patients with
stable pulmonary emphysema.

Serum amino acid imbalance in patients withmod
nary emphysema is thought to be a result of usiGg/s
from muscle protein as energy due to the decompaosit

rehabilitation consisting of a 45-minute lectured adb-
minute physical therapy was performed once a wédie
topics of the lecture were nutritional instructionedica-
tion instruction and lifestyle instruction. The atis
were then divided into two groups each containiogr f
patients: one was administered a bottle of BCAAcohed
dietary supplement once daily and the other wag gnl
ven nutritional instruction. BCAA enriched dietasyp-
plement is a liquid dietary supplement not necegssar
masticate, which can be ingested in a short tifibere
was emaciation both in the ingestion group andhénrto-
ingestion group without significant difference igeaor
body weight. Significant obstructive ventilatiorsarder
was found; the %VC was 86 = 13 and 83 + 15,
respectively, and the FEV 1.0% was 31 £+ 5 and 32 + 7
respectively (Table 1).

Dietary supplement

BCAA enriched dietary supplement was used as a dietary
supplement

BCAA enriched dietary supplement (Clinico, Tokyo,
Japan) is mainly used in cirrhosis or hepatitiesashere
liver function is depressed. As the Fischer radiodmino
acid composition in a normal diet was limited te tAnge
of about 2 - 4, it is not easy to prevent reduciiorthe
Fischer ratio. Therefore, a bottle of BCAA enricldid-

of muscle protein including the respiratory musclestary supplement containing 200 mL per bottle wasigiv

themselves in order to cope with the increase ergn
consumption in the respiratory muscles due to reduc
ventilation efficacy. When amino acids are enesgyrce
for protein synthesis, three amino acids callech¢nad
chain amino acids are often particularly used. this
case, even though sufficient protein can be ingestan
a normal diet, the amino acid balance in the noriet

once daily. BCAA enriched dietary supplement h@g 2
kcal per bottle and 4g of protein per 100mL, chamazoed
by the abundance of branched chain amino acidsaand
high a Fisher ratio as 40. In addition, as the amjet
supplement is liquid and does not need to be nzstic it
can be ingested in a short time. Essential amiids ace
classified into branched chain amino acids sucvedise,

barely improves the amino acid imbalance in whichgcine, isoleucine and aromatic amino acids sush a

branched chain amino acids are lacking. Therethis,
study investigates the effect of intake of BCAA-abant
food on the Fisher ratio during pulmonary rehadildn
for eight weeks.

Subjects and method

Subjects

The subjects were eight patients with chronic pulangn
emphysema, who repeatedly visited the respiratatgr-

tryptamine, tyrosine and phenylalanine. The Fischto

is calculated by dividing the branched chain amaica
value by the aromatic amino acid value among these
amino acids.

Comprehensive pulmonary rehabilitation
Pulmonary rehabilitation was performed in theseepéd
under an ambulatory setting. The program was: a-ance

gy medicine clinic and whose symptoms were stableweek visit for pulmonary rehabilitation with resmtory

Seven patients were male and one was female. Eaa m
age was 70.8, the mean body weight was 49.4 kgthend

physical therapy for about one hour in hospitapanallel
with additional exercises performed at home. This-co

mean height was 162.5 cm. A once-a-week pulmorery r tinued for eight weeks. Physical therapy was perémt

habilitation program was performed in these pasiant-
der an ambulatory setting for eight weeks. The pulany

focusing on breathing instruction and muscle streng
thening exercises for the lower limbs.
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Endpoints

Measurement of 6-minute walking distance (6 MWD),no difference in total calorie ingestion betweer tvo
QOL assessment using CRQ (Chronic Respiratory diseagroups (Fig. 3). In addition, serum albumin measur
Questionnaire) and serum tests (serum Fischer amiib Ments were not decreased in the BCAA enriched gieta
serum protein) were performed before and after théupplement-ingestion group due to the ingestionaof
investigation. The HRQL of COPD patients are diségr  dietary supplement with a high Fischer ratio. Heergin
to a substantial degree. In the QOL assessmentusieel the no-BCAA enriched dietary supplement-ingestion
investigation, CRQ was employed including four eate group, the serum albumin measurements were depresse
gories: dyspnea, fatigue, emotional function andterg. by pulmonary rehabilitation focusing on muscle stre
This study approved by the Ethics Committee of Resea thening exercises for the lower extremities forheig
Council of Kinki University School of Medicine. In- Weeks because of amino acid deficit (Fig. 4).
formed written consent was obtained by each subject

Discussion
Results Recently, there have been efforts to analyze mussee
There was no difference between the ingestion gamgp and serum amino acid kinetics as indices for evanaf
the no-ingestion group in the %IBW and the dailipda  Skeletal muscle degeneration or protein catabalio®in
ingestion before the rehabilitation. After the itisnal ~ COPD. In the skeletal muscles, there were increases
instruction of the rehabilitation program, the gaiblorie ~ glutamine as well as in arginine, ornithine anducitine
intake increased compared to that before the rehab@fnd a decrease in glutamic acid. In the serumyctemh
litation. Although BCAA enriched dietary supplement in total amino acids was seen, particularly in &englu-
containing 200 kcal was administered each dayrethe tamine, glutamic acid, asparagine, etc. In cadeavin-
was no difference between the two groups (Tabldr2). crease was seen in lipopolysaccharide binding jrote
this investigation, a dietitian calculated the cglontake  (LBP), an index of acute inflammatory reaction, entea
based on the meals described by the patients feeth mentin REE was found and, on the other hand, tta to
days. The basal energy expenditure (EEE) was céclla Serum amino acid was reduced. Reductions in giatam
using the Harris-Benedict formula. Dyspnea measarem acid, glutathion and glutamine in the skeletal nesc
in the QOL assessment by CRQ significantly improvedncrease the levels of lactic acid and pyruvic aeidae-
after 8 weeks by performing pulmonary rehabilitatio robic metabolites. These abnormal protein metéins!
both in the ingestion group and in the no-ingesgooup  in the serum and the skeletal muscles and findiegs
(Fig. 1). In addition, the six-minute walking diste garding abnormalities in steroids and amino acidsuge-
(6MWD) significantly improved after 8 weeks by per- fulin clarifying the pathology of abnormal musgietein
forming pulmonary rehabilitation both in the ingest ~Metabolism in COPD, and may possibly prove the-vali
group and in the no-ingestion group (Fig. 2). Heere dity of the therapy during amino acid nutrition ey .
there were evident differences in the Fischer ratoe Fischer and coworkefsreported a reduction of the
tween the ingestion group and the no-ingestion mrou BCAA/AAA ratio in patients with hepatic encephalo-
That is, in the BCAA enriched dietary supplement-pathy, and the Fischer ratio has thereafter bersidered
ingestion group, ingestion of the dietary supplenwith ~ as an index showing serum amino acid imbalancetoMu
a high Fischer ratio increased the ratio even gitdr  and coworkerS reported that reduction in the Fischer
monary rehabilitation. However, in the no- BCAA en-ratio is a highly specific index of protein nutoitial dis-
riched dietary supplement-ingestion group, theoratas turbance because of the correlation between thectied
obviously depressed by performing pulmonary rehabiin the Fischer ratio and the degree of hypoproteiaen
litation focusing on muscle strengthening exercfeeshe  cirrhosis. The degree of amino acid imbalancesitiepts
lower extremities for eight weeks, even thougtré¢hwas With pulmonary emphysema is relatively mild comgeh



554 H Kubo,Hdnda, F Tsuiji, T Iwanaga, M Muraki and Y Tohda
GCAA/AAA) &/d)
4 — 5
/ 15 —
_—4 Be=—_— L

>

3.5 = —— A
4 == =
TSI~ *
\\“~1\\._.

"“~\§§\\ 35 = ~Z
FE::: ———— \_:_;J:i -
2.5 = ——a 3
2.5
2 Before A fter
Before A fter

Ihgestion group No—hgestbn group ————

Ihgestion group No—-hgestbn group ———-—

* 1p<0.01
% 1p<0.01 P
Figure4. Changes in serum albumin before and after

Figure 3. Changes in the Fischer ratio before and after )
pulmonary rehabilitation

pulmonary rehabilitation

to that in patients with hepatic encephalopathyt, the
Fischer ratio correlates with morphometric measeres)
and thus, it is assumed that amino acid imbalas@dsb

normal diet barely improves the amino acid imbagamc
which branched chain amino acids are lacking.
Thus, efficiently administrating branched chamino

associated with nutritional disturbance in pulmgnar acids with a high Fischer ratio during exerciserdpg
emphysema. Another studyreported that amino acid leads to reinforcement of the respiratory musdbes,on
im-balance reflects reduction in the Fischer r@8B@AA/  the other hand, exercise therapy solely might redhe
AAA) was found in a half of patients with stablelpu Fischer ratio and affect protein synthesis in pasiavith
monary emphysema. COPD, leading to the development of amino acid im-

According to a report by Yoneda and coworKers balance. Therefore, amino acid imbalance develops i
FEV 1% showed a significant positive correlationhwit COPD, and comprehensive pulmonary rehabilitation
the Fischer ratio. These results suggest theaggraaso- should be performed in parallel with exercise thgras
ciation between the progress of respiratory dysfanc well as appropriate branched amino acid substitutio
and the enhancement of amino acid imbalance anahits However, nowadays, the importance of nutritional- ma
portance, because the more severe the airway obstru nagement is barely recognized in daily medical farac
in patients with pulmonary emphysema, the more sigNevertheless, eating is an essential requirementh®
nificant their amino acid imbalance is. survival of human beings, and is performed more fre

Serum amino acid imbalance in patients with- pu quently by humans than taking medicine. If we geipe
monary emphysema is thought to be a result of usingnd clarify the importance of nutrition in the prog
BCAA from muscle protein due to the decompositidn o nosticate of COPD, a new treatment strategy can be
muscle protein including the respiratory musclesnth  developed.
selves in order to cope with increase in energy- con
sumption in the respiratory muscles due to reduead
tilation efficacy. The two findings, the correlatide-
tween respiratory muscle power and muscle masshend 1.
correlation between FEV 1% and amino acid imbalance
suggest that metabolic enhancement in the respjrato
muscles associated with obstructive ventilatioromier
may provoke amino acid imbalance, which in turn mayz'
enhance respiratory fatigde.

In order to compensate energy that is insefficfrom
meals, muscular protein is decomposed in the baody a
used as an energy source, and thus, the musclembec 4.
emaciated. When amino acids are used as an energy
source, as the three amino acids called brancheih ch
amino acids are often particularly used, the bradch 5.
chain amino acids are consumed more than the other
amino acids, resulting in the disturbance of batanc
among the 20 amino acids in the body. Thus, thityabi
to synthesize the necessary proteins is reduced and
various harmful effects such as immuno-suppression
develop. In this case, even though sufficientgirotan
be ingested from a normal diet, amino acid balamcéne
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ERATEY I EREN# Fisher ratio WEE

BE |, st EMMIEFCOPDW L EMMBERCKEEHMENE S ,
SIEHE. WERE., BEE, 28, BE. EYKFEA. S ERAEET
FNESE K HPHEZANEEH2ENMIERARTEARSEAN ., KHE
MAEMES Fisher ratidBREBRER |, IR MHIYE AR RZEEFHREE
WA AM. /\& COPD EHfHEMFRAFANTEA , HREES FEVI.0YRE
31.5+6% FhEfYIIEAEHLEIT/ A , HP—EHSBRA—MS Fisher ratiodt E
EXHERREM (200 KF/200Z F |, Fisher ratiod0WERBWEE ; MB —HBRE
RA. MIEEENBREET 6 pENEEFM. QOLFMA(£A CRQ). MEEH
B & ME Fisher ratio, LB RMANWR R, BMIYELAEZE , REHERX
BERR B ER AV AR B L MJE Fisher raticA MR , MIWEEREHR TR, Bt , &
ETEMEAERARIAERNER  FUEEESHNRER K MEEER
BEE  SERENIERERIETEN, SHRARNAEENSEMMHIIERE
mE=_BEENRAER,

EAfEF S M PRE MR E R, XHEMRER., Fisherratic EEM., MEERE.





