UM MEDICAL LIBRARY 11/09 '01 15:49 NO.880 02/06

APPLIED NUTRITIONAL IN VESTIGATION

Nutrition Vol, 15, Nos. 11/12, 1959

Glutamine-Antioxidant Supplementation
Increases Body Cell Mass in AIDS Patients
With Weight Loss: A Randomized,
Double-Blind Controlled Trial

JUDITH K. SHABERT, MD, MPH, RD* CHARMAINE WINSLOW, RD, LDN,+
JANET M. LACEY, DRPH, RD,1 AND DOUGLAS W. WILMORE, MD§

From the *Department of Obstetrics and Gynecology, Harvard Medical School, Boston, Massachusetts; the
I'Nuttition Specialty Center, Boca Raton, Florida; the [Department of Nutrition, Simmons College, Boston,
Massachusetts; and the §Laboratories Jor Surgical Metabolism and Nutrition, Brigham and Women's Hospital,

Harvard Medical School, Boston, Massachusetts, USA '

ABSTRACT

Loss of body cef! mass, the active fimationing tissuc of the body, commonly occurs in patients with human immunodeficiency
vims (HIV) infection, and the extent of wasting j related o the length of survival. We evaluated the anabolic role of the amino
acid L-glutarmine (GLN) and antioxidants in 2 double-blind, placebn-controlled trial jn 26 paticnty with >5% wcight Joss since

dircarc opser, Subjects received GLN-antioxidants (40 p/d) in divided doses or glycinc (40 /d) as the placebo for 12 wk,
Throughout the sudy, the subjects were geen weekly by s putritionist, and body weight, bioelectric impedance asscssment, and
nytritonal counseling were performed, Twenty-one subjoets completod the sindy, and the groups were well matched. The 5

patients cxcluded from analysis all met 2 priori exclusion criteria,
weight (3.2%), whercas the conmol group gained 0.3 kg (0.4%, P

Over 3 mo, the GLN-antioxidant group gained. 2.2 kg in body
= 0.04 for difference between groupr), The GLN-antioxidant

group gained 1.8 kg in body ccll mass, whereas the control group gained 0.4 kg (P = 0.007). Intracellular watcr fncreased in
the GLN-antioxidant group bui, ot in the controf &roup. In conclusion, GLN-anfioxidant nutrient supplomentation can ncrease
body weight, body cell mass, and intcacellular water when compared with placebo supplémentation, GLN-antioxidant supple-

mentation provides a highly cost-cffcctive therapy for the rehabilitation of HIV+- patients with wejght loss.
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INTRODUCTION

Significant weight loss commonly ocours in patients with hu-
man. immunodeficiency virus (H1V) infection,’ The extent of Joss
of body cell mass (BCM), which is the metabolically active tissue
of the body, comelates with length of survival.! Attempis 1o
reverse thig erosjon of protein-rich tissie with appetite stimulants,
oral mmtritiona) supplements, and enteral or parenteral nutrition
have resulted in deposition of adipose tissue, with variable or no
wetoration of BCM,2~ Recombinant hnman growth hormone
(hGH) adminisiration resulted in gain in Jean, tissue, bur the
effects were not sustaimable once treatment was temminated.s

It has been hypothesized that the conditionally essential amino
acid, v-ghitamine (GLN), may be rate limiting for vepletion of

BCM.7 GLN is synthesized primarily in skeletal musele and
released into the circulation. Tigsues that consnme GLN, e.g., the
immune §ystesm, pasirointestina) tract, kidney, and liver, exaracy
GLN ag needed from the circulation_ 8-+ During stress and inflam-
mation, consumption, of GLN exceeds the ability of skeletal mug-
cle to supply this amine acid. Blood and muscle GILN concentra-
tions fall, and progressive muscle breakdown occurs in an attempt
ta satisfy the GLN demand.”

At present, standard perenteral mutrition solutions and most
enteral feeding formulag do not contain GLN; therefore, Tepletion
is not possible.

GLN plays a major metabolic role in the maintenance of
visceral tjgsnes, This amino acid is the primary fuel for enterocytes
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and colonocytes and for the body’s immune tissue, 1213 It is vsed
ot sites of tissue nepair and participates in renal acid-base bal-
ance. Jt also provides the glutamate necegsary for glutathione
production.'s The demand for GLN in al] of fiese situations js
greatly heightened during infection with JIV.7

Nutrients do not function in isolation, For example, 2]} neceg-
sary amino acids and cofactors must be available to achieve
protein synthesis. Moreover, the production of reactive oxygen
species hag been associated with ATDS wasting and weight loss,'s
In an effort to provide an environment more favorable 1o anaho-
lism, a mixture of antioxidant nutrienty was provided slong with
glutamine,

This sindy was undertaken fo determine whether GLN supple-
mentation and select antioxidants could satisfy an. increased GLN
requirement ps occurs with weight Jogs and thus reverse the loss of
BCM in patients with AIDS.

METHODS

Study participants were men and non-pregnent women, with
HIV infection and without active opportunistic infections, re-
cruited from private-practice physicians who gpecialize in HIV
carc in Broward County, Florida. The study was approved by the
Hvman Ethics Committee of Pompano Beach Community Hospi-
tal, and signed informed consent wag obtained from each volun-
teer before enrollment, with written approval from, each patient’s
Physician, Eligible gtudy patients were randomized 1o a placebo-
control or an experimental group.

The smdy was a randomized, dovble-blind tria) with block
design to balance groups for gender: age = <40 or =40 y;
antjviral freatment, i.e., any or none; nntritjonz) status, 5-14%
weight loss versus >>14% weight loss: and mode of contracting the
disease, j.e., intravenons versns non-intravenous drug use, The
subjects were eligible if they had experienced =5% nintended
loss of usual body weight since the onsei: of the illnces or had a
90% standard creatinine/height index, reflecting Joss of Jean
tissne.

Parients were included if they had not been on other protocols
or received other experimental medications for at least 2 mo
before the sudy and were medically stable. If the patients were
receiving B, or folate, they must have received these vitamins for
at Teast 1 mo before starting the trial, If vging testosterong, they
must have recejved. fhe hormone for 4 mo or more before entering
this trial and continued it at the same dosage throughout the trial.
If the subjects had been using N-acety] cysteine, they discontinued
this supplement; they continued. to take ascorbic acid supplementy
at the usual dosage if they were using thig vitamin.

Exclugion criteria included the current use of more than 5.0 wd
of glutamine, cirrhosis of the liver, or renal failure. If the subjects
reported chronic dfarthea (>2 loose Stoo)s/d), an evalwation was
performed to exclude an infectjons etiology. If disrrhea was non-
infectious, the subject was entered into the trial, All patients
completed the Willett Food Frequency Questionnaire!” befiore
consultation with the mutritionist and ot the completion of the
study, The subjects were also instructed to keep a 3-d dictary
vecord to evaluare jnitial and final dietary cating patiems, the
consumption of vitamin, mineral, and other nutritional supple-
ments, and alcoho] and recreational dmg use. The 3-d diary
included 1 d during the weekend and 2 d during the weck,
Three-day diet records were analyzed with The Food Procegsor,
vergion 7.0, nutrient analysis sofiware (Esba Research, Salem,
OR, USA). Because GLN administration has heen associated with
changes in mood,’® the subjects also completed a 30-item profile
of mood assessment form from the Short Form (SF) 36 for patients
with HIV 10 agscss mood at the begimming and end of the study_'?

Weelly for 3 wk before the nitiation of the nutritional sup-
plement, the subjects had s bioglectric impedance assessmont

(BJA: Mode] 101Q, RIL Systems, Clinton, M1, USA) to determing
body composition. The measurements were taken as instmcted by
the manufacturer, and body compartments were detesmined by the
mamifacturer’s Fluid and Nutrition Program (3.1b). A mean. was
taken of thesc values 1o defermine initia] body composition; body
weight (BW) was likewise determined from the three baseline
weight mesgnrements. AJl participants had intensive nutritiona
coungeling with a regigtered dietitian to ensure stable and adequute
nutrient intake, Meagirement of BW, BIA determination, and
nutritional counseling continued at weeldy intervals throughour
the study, unless the subject was hospitalized or on vacation.

The gludy duration was 12 wk, All subjects received a dajly
vitamin and mineral preparation equal to the recommended dictary
allowances to ensure intake of these micronutrients. Glycine, 40.0
g/d, was given as placebo. The frestment group received GLN
40.0 g/d, along with selected antioxidant nutrients (ascorbic acid
800.0 mg/d, a-tocopherol 500.0 TU/d, B-carotene 27 000.0 TU/d,
selenim 280.0 pg/d, and N-acety] cysteine 2400.0 mg/d; Cam-
bridge Nutraceutical, Boston, MA, USA). The 40.0 g GLN dose
was selected becanse open label simdies providi ng 30.0and 40.0 g
GLN/d have demonstrated marked weight gain and improvement
in BCM, and a blinded pilot stdy wging 20.0 g GLN/d failed to
demonstrate congistent resulte.?! The supplements were taken
daily in four divided doses,

Packets were dispensed at 14-d intervals, and nsed packets
were returmed to monitor compliance,

Statistical Analysis

The primary objective of thig study was to detenmine whether
GLN-antioxidant. supplementation was related to a gain in BW
and/or BCM. The secondary objective was to determine whether
this nutrient supplement was related to changes in. CD4 count,
mood, or dietary intake,

Only patients who completed the study were evaluated. At the
injtlation of the gtudy, criteria were establighed that excluded
randomized patients from analysis if the fallowing occurred: the
subjects were mnable fo consume the nutemt supplements; the
subjects were unable or unwilling to participate jn the periodic
evaluations during the protocol (failure to be seen for an interva]
of more than 2 wk or have tests performed); individuals who
sustained an intercurrent illness that prevented the mmgestion of the
supplement for 5 d or more: subjects who, for medical reasons,
had 2 major change in their antiretroviral therapy dvring the
conrse of the study; and individuals who sustained an ncute major
catastrophic jllness or infury and could not continne in. the study.

Data were analyzed with SYSTAT, version 5.2 (SYSTAT,
Evanston, JI., USA). All data were tegted for normality of distri-
Dbution, Within- and between-group djfferences were examined
using { tests and non-parametric tests when appropriate (Wilcoxon,
and Mann-Whitney U test), BW and BCM were averaged over
4-wk intervals by using all available data points to handle missing
data due to subject schedule condlicts. Abgolute and relative values
wete compared over time by wsing repested measureg analysis of
variance; analysis of covarjapce was used fo contro] for calories
and other. specific ntricnts.

RESULTS

Twenty-six subjects were enrolled in the trja), and 21 subjects
completed the study. Dropouts occurred for the following reagons;
1 control subject wag placed on protease inhibitors, 1 control
subject died, and 2 control and 1 GLN fubjects dropped ouwt,
because of study conflicts. Despite the loss of 5 individuwals, the
groups were well matched (Table I); there were no individuals
who had a past history of intravenons drug abuse, snd all bur 3
individuals were taking antiretrovira) medication, CD4 county
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TABLE 1. the 12-wk smdy period (Fig, 2), so the tota] gain in BCM averaged
1.8 kg. The contro] group initially gained BCM over the first
PATIENT CHARACTERISTICS AT STUDY ENTRY MEAN month, but this could not be sustained; at 12 wk, the fipal gain in
(RANGE) BCM was only 0.4 kg. Thus, at 12 wk, the trearment group had a
significantly greater increase in both BCM (P = 0.007) 2nd BW

Placcbo- Glutamine- (P = 0.04) than did the control group.
control antioxidanes Sixteen of the 21 individuals completed both the injtial and
final food frequency questionnaires (76%), 18 of 21 (86%) com-
Number of subjects 9 12 pleted the initial 3-d food records, but only 43% remumed the final
Age (y) 42 (33-53) 40 (30-50) 3-d records. From the available data, dietary intake did not ghow
Gender 8M, ( F M. I F any significant difference between baseline and the end of the
Height (cm) 176.1 (157.5-188.0) 175.3 (157.5-188.0) smdy. (From the food frequency questiomaire data, 1 = ) 5,
Wcighl: (k[l) 71.6 (49347[9) 683 (531._32'3) calories were 2256.0 versus 2376.0 kCﬂUd; mean valpe baseline
Weight loss (%) 5.2 (0.3-5.0) 10,7 (2.0-18.0)* versus end of study: protein 101.5 versus 1069 g/d, carbohydrate
Elody mags Index (me) 2.9 (’9'9_‘24‘9) 2.2 (1 9.5'*-255) 298 verma 322.0 g/d, fat 754 versus 76.6 Ll/d; P NS) The Baiﬂ
CD, + T lymphocytes 183 (13-364) 147 (1-327) in BCM in the GLN-antioxidant group continped 1o be significant
(cells/mm?) after controlling for calorjes, protein, carbohydrate, or fat intake.
This was true when vsing dara derived from cither the initial and
Medications Taken final food ffequm_cy questionnajres or the food rocords. Initial fat
Antiremovirals 8 10 mass was similar in the two groups (Table 1) and did not change

over the conrse of the study, Total body water tended to rise in

(n subjects) el A 4
both groups, Howevey, this rise wag due primarily to an increase

tiretroviralg ta [
Arzr:'ilmgs) " e o A in intracellnlar water (ICW) in the GLN gronp, which rose 1.7 L
Protcase inhibitors 4 6 over the 12-wk study period (Table II). CD4 counts remained
(n subjects) stable throughout the study in both groups (mean * SD: 206 +
Proteage Inhibitors taken 4 7 164 a,ngl 140 & 115 cella/mm? for the control and GLN groups,
(n drugs) Tegpectively) at the end of the study.

1 The SF30 assessment of mood score was initially 93% of
: optimal in both groups (raw scores were 120 + 15 points for the
control group versus 1]2 = 24 points for the GLN group, P =

Testosterone (n subjects) 1

*P = 0.008. NS), and thie asscssment did not change in cither group, as
measured at the end of the sdy (120 = 21 versus 110 18, P =
. - . NS).
were similar in the two groups, and the medications prescribed No side effects to the supplements were reported or obgerved.
were comparable in_cach group (Tabie J).
Treatment with GLN resnlted in o significant and sugtained in- DISCUSSION
orsase in BW of 2.2 kg over 3 mo (3,2%), Jn contst, contro] patients This study demanstrates for the frst time that the provision of
initielty gained weight, but then BW refumed to prestucy values; &t 5 specific mumrjept supplement, when coupled with nutritiona)
12 Wi, the weight gain was 0,3 kg (0.4%, P = N3 Fig. 1), counseling, can jmprove weight and restore BCM. Patients who
Similar to BW, the GL N-antioxidant group gained more than ] received the combination of GLN and anfioxidants for 12 wk

kg in BCM during the first month, and thig gain was sustained over increased BW an average of >2 kg and BCM by 1.8 kg In
contrast, control gubjects initially gained weight but were unable

6] FOPY WEIGHT (vg) CHANGE IN BODY WEIGHT (ag) |
. o ool Jes DODY CELL MASS (vg) CHANGE (N BODY CELL MASS (kg)
74 2t
" O Control 120
B 31k i @ Glutamine |
72 -
- oo - 418
70 28 - 1
60| ogh B -11.0
i a7f
86 - 08
e j wp : ]
: Ll ] 2 2 2 3 "0
MONTHS
FIG. 1. The effect of placcho and, l-ghramine-antioxidant. supplemonta-
tion on body weight (BW: l¢fl) and change in BW (right) over time
(mean & SEM). Using analygis of variance over time, an jnrerotion wag FIG. 2. The cffect of placcbo and I--glutaminc-antioxidant supplcmenta.
obscrved herween fime and. treatment P =™ 0,04). When the relative tion on. body cell mags (BCM; {eft) and relative changes in BCM (right)
change over time wag analyzed (ABW), there was n slgaificant lineay trend over fime (mean + SEM). By analysig of variance, there wag o stetistically
over fime remaining (P = 0.03), with ABW at weel ]2 helng significantly significant fnresaction. botween time and treamment, (P < 0.01). The relatjve

different at P e (0,04, chenges in BCM, were significant ar week 12 (P = 0,007).
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TABLE 1I.

MEASUREMENTS TAKEN BEFORE AND AFTER 12 WK OF NUTRIENT SUPPLEMENTATION (MEAN # SD)

Placeho-consro) Ghutamine-antioxidants
Befors Afley Before After
Weight (ki) 7062 11,2 719 =112 683283 70.6 = 8.9
Body cell masg (Jg) 284 6.0 288+ 6. 269 % 4.4 28.6 £ 4.67
Intracellular warer (1) WH =54 26555 256=47 27.3 x 5.0%
Exmacellular water (L) 17329 170 %28 167+13 164 % (8
Total body water o) 433 = 8,0 BS£19 42,3 £ 5.0 433 + 577
Far mass (kg) 119 =46 119 =48 10,6+ 3,4 109 %27

*P < 0.001 versug bageline,
TP = 0.01 versug baseline.

to maintain the increased BW. At 12 whk, these individuals dem-

onstrated a non-significant gain of 0.3 kg in BW and 0.4 kg in
BCM.

The basig for the determination of BCM was the measnrement
of resctance and resistance using BIA22 This technique has in-
creasingly been accepted in the evalnation of HIV+ snbjects, and
measurements derived from this apalysis have beep comrelated
with length of survival, tota) body water, and BCM 75 patients
with AIDS.22 We found minimal changes in fat mass and exrra-
cellular water in both groups. However, there was a significant
increase in BCM and ICW in the group receiving GLN-
anfioxidant supplementation.

The supplement studied contained two classes of active ingre-
dients: GLN, an amino acid, end antioxidant nutrients (vitaming C
and E, B-carotene, sclenfum, and N-acetyl cysieine), We cannot
exclude the role that antioxidants may play in this response, but
there is o strong physiologic basis to suspect that glntamine ig the
primary nutrient responsible for this effect,” Open labe] studies
using similar doses of GLN produced virally the same repults as
observed in the present study.?° Tn addjtion, no reports have been
forthcoming describing changes in BW or body composition as-
sociated with antioxidant therapy alone.

Isotopic studies in subjects with HIV wagting have shown a
prefevential reduction in muscle protein, a failure to sugtain an
elevated 1ate of protein synthegs, and a significant jncrease in
GLN release into the blood stream.?! By providing exogenons
GLN, the increaged GILN demands were presumably satisfied and
possibly skeletal muscle protein synthegis wag supported,®s Addj
tional kinetic measurements are required fo delineate the gpecific
mechanisms involved and also determine the roje of the antioxi-
dant nutrients in these subjects,

Accomnlation of Jean tissue has algo been observed in patients
with AIDS wasting after thGH administration. 2 Stdfes per-
formed over 12 wi of thGH administration showed 3 gain in lean
tigeue fo approximately the same degree as that geen with subjects
recefving GLN jn this study,

Cost las become a consideration in the care of chronically il
paticnts. Based on the cost of ThGH ar $1000Avk versus GLN-
antioxidant supplement at $31/wk, the cost for anabolism of 1.0kg
of BCM 1o a person with HIV wasting using thGH is approxi-
mately $9230. The cost for a similar kilopram of BCM wsing
GLN-antioxidant supplementation is 220,

We did not monitor the study subjects who received GILN afier
termination of the trial, and we do pot lmow the effects of GLIN
Withdrawal on body composition, Protein kinetic studies have
demonstrated increased profeolysis and synthesis rates in 25ymp-
tomatic FIV+ patients, with increaged GLIN relesse in symptom-
atic individuals.2* This finding and the repults of the present irig)
suggest that glutamine is a critical wutrient in this disease, and
continnous provision of thig amino acid seems warranted.

Although the BW of the two gronps was similar at the begin~
ning of the study, the group receiving the active treatment ar the
beginning of the study weighed about 3.0 Ig Jese than the contro)
group, and they had lost a greates percentage of their BW during
the course of their illness. Could the nesponse to nutrifional thers
apy be different in thege two groups? Other studies have suggested
that the more favorable responges to nutyitional therapy in patients
with HIV-wasting occur in patients with minimal weight losg,37
This would favor & weight gain in our contro) not our freatment
group. The control subjects wers offered GLN-antioxidant sup-
plementation upon completion of the blinded trial, and. four sub-
jests received the supplement, in an open label fashion. Over the
ensuing 12 wk, these individuals gained 2 mean of 2.1 kg BW and
1.3 kg BCM while on GLN-anfjoxidant supplementation.

Larger multicenter studies are needed to determine whether
GLN-antioxidants will support BCM and reduce the incidence of
infection over the long term, as has been observed in other
populations.?-3 This study should serve as a cafalyst to evaluate
further the impact of GLN-antioxidant aupplementation, a cost-
effective combination, on the long-topm morbidity and mortality in
patients with HIV infection,

SUMMARY

This randomized, double-blind, placebo-controlled trial dem-
onstrates for the first time that supplementation of the smino acid
GLN and the provision of adequate antioxidants apd nutritional
counseling to subjects with HIV wasting can improve BW and
restore BCM., This low-cogt and low-risk gupplement may be the
preferred method of jnitial nutritional support in patients with
weight logs of >5%. Lorger trinls are needed o evaluate the
clinical impact of this approach on reducing opportupistic infecs
tion and possibly Jong-term mortality.
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