J Am Soc Nephrol 11: 2106-2113, 2000

Effects of Growth Hormone on Leptin Metabolism and
Energy Expenditure in Hemodialysis Patients with Protein-
Calorie Malnutrition

GIACOMO GARIBOTTO,* ANTONINA BARRECA," ANTONELLA SOFIA,*
RODOLFO RUSSO,* FULVIO FIORINF, GIORGIO CAPPELLI?
FOSCO CAVATORTA! ARIANNA CESARONE, ROBERTO FRANCESCHINI,*

PAOLO SACCO,* FRANCESCO MINUTJ,and TOMASO BARRECA*
*Division of Nephrology, Department of Internal Medicifigepartment of Endocrinology and Metabolism,
University of Genoa, andimperia and*Sampierdarena Hospitals, Genoa, ltaly.

Abstract.The relationships among growth hormone (GH), ledorearm leptin releaseP(< 0.002), indicating a role of leptin
tin, and resting energy expenditure (REE) are not understopdoduction by peripheral tissues on leptinemia. Changes in
It has been reported that in malnourished hemodialysis peptin release were directly related to insulid € 0.001) and,
tients, GH increases muscle protein synthesis, a process teas consistently, to insulin-like growth factor-binding pro-
requires energy. The present study evaluated the arterial levtels-1 levels P < 0.02). Similarly, variations in leptin levels
and the forearm exchange of leptin, as well as the REE of tivere directly related to insulir®(< 0.01). Variations in REE
same patients during their participation in the same study, were not related to variations in leptin or insulin levels but to
four sequential 6-wk periods: |, baseline; Il, GH treatment; llichanges in muscle protein synthesis € 0.025). The data
washout; and IV, GHt intradialytic parenteral nutrition. Dur- show that in malnourished hemodialysis patients, treatment
ing periods Il and IV, patients received GH (5 mg three timasith GH is not invariably associated with an increase in leptin
per week). REE rose by 5% in period Il, declined during perigagroduction. An increase in leptin release by peripheral tissues
Ill, and rose by 7% during period IV. Basal leptin levels werand leptin levels occurs only in the setting of hyperinsulinemia.
low (2.0 = 0.19 ng/L). Insulin and leptin levels, as well asThe increase in REE that is induced by treatment with GH is
leptin release from the forearm, were unchanged during pembt dependent on changes in leptin but is largely accounted for
ods | through 11l but rose<{36%; P < 0.05) during period IV. by the energy cost of the stimulation of muscle protein syn-
Changes in arterial leptin were directly related to changes timesis.

Leptin, a hormone that is secreted by adipocytes, providgseater amount of leptin release, whereas intra-abdominal fat
signals from the peripheral tissues to the central nervous sgeems to play a minor role (7). We (8) recently observed that
tem to inhibit appetite and increase energy expenditure (I).the normal condition, in the postabsorptive state, leg periph-
Leptin accumulates in uremia and is believed to be an imp@tal tissues (which are predominantly composed of muscle but
tant factor in the development of malnutrition in this conditiomlso contain a sizable amount of fat) exhibit a net leptin release
(2—4). Serum leptin levels are highly correlated with body famto the circulation. In accordance with the net leptin release
mass in normal adults, children, and newborns (5). In humafi®m the lower limb and with similar muscle and fat compo-
there are differences in leptin gene expression in relation to tsiion, we also observed the occurrence of a net leptin release
location of fat deposits; greater gene expression occursadoross the upper limb in healthy volunteers (unpublished ob-
subcutaneous as opposed to omental fat, suggesting that s@pvations). Jenset al. (9) showed that leptin is released from
cutaneous fat is an important source of leptin (6). In this regaréle lower limb in amounts that are proportional to the limb fat
it has been observed that subcutaneous fat is responsible forgtgtent and likely represent adiposity. It is of note, however,
that leptin is also expressed in rat skeletal muscle, where it
- plays a role as a sensor for energy bioavailability (10). There-
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leptin production in uremic patients. Studies in animals have3 + 0.10 and was not changed during the study. The study was
shown that fat metabolism, energy metabolism, and mus@leproved by the Ethical Committee of the Department of Internal
protein turnover are closely connected in uremia (13,14). Medicine of The University of Genoa. All subjec_ts were informed
and Wassner (15) showed that in uremic rats, a decrease ina%ut the nature, purposes, procedures, and possible risks of the study

mass is associated with the development of muscle loss. H&wfore their informed consent was obtained. The procedures were in

. - . . cordance with the Helsinki declaration.
ever, signals and metabolic pathways involved in muscle ¢
and protein metabolism are poorly explored in uremia. GH
both causes lipolysis and increases energy expenditure (fjotocol
Fouqueet al. (17) showed recently that GH but not insulin-like The study consisted of a prospective crossover study in which
growth factor-1 (IGF-1) acutely increases leptin levels in héatients were their own controls. The study was made up of four

modialysis (HD) patients. It is therefore possible that th%eriOdS' The first three periods of the study design have been reported

GH-induced effects on energy expenditure are mediated bylgrgetall previously (20). The periods of the study were as follows:

. in lenti terial | | d ducti Th eriod |, baseline; period Il, GH treatment; period Ill, washout period;
Increase n lepun arteral levels and production. ere a_ﬁd period IV, GH+ intradialytic parenteral nutrition (IDPN). During

several other observations that indicate that GH and lep}ip. GH treatment periods (periods Il and V), patients received GH
systems are physiologically connected, because leptin may@@notropin; Pharmacia & Upjohn, Stockholm, Sweden) 5 mg sub-
important in the regulation of GH secretion (18) as well as ifutaneously at the end of each dialysis for 6 wk. During period IV,
bone growth (19). IDPN was combined with GH administration. The originally designed
We recently reported the short-term effect of GH on musclBPN provided on average an additional 860 kcal (approximately 13
protein turnover in HD patients with protein-calorie malnutrikcal/kg: 52% carbohydrate, 38% fat, and 10% amino acids; amino
tion (20). In brief, our results showed that a 6-wk treatme@€ids, 0.28 g/kg) for each dialysis session. The IDPN, starting with
with GH causes a significant increase in muscle protein syﬁQ% of the tqtal, was increased to the full strength in 2 wk. Four
thesis (PS), an energy-requiring process; the observed anab%ﬁbems received the full IDPN for the full length of the study,
changes were dependent on the increase in circulating “freicreas o patients developed symptoms (nausea, epigastric dis-

omfort) during IDPN that impeded the complete administration. In
IGF-1 levels. In the present study, to evaluate the effects of se two patients, the amount of IDPN administered was 50% of the

administration on leptin arterial levels as well as productio&igina”y designed supplementation.
from peripheral tissues and their relations with energy expen-
diture, we report the results regarding the arterial levels and 2 thods

forearm exchange of leptin, as well as the resting ener Pationt wdied aft imately 72 10 74 h from the last
: : : : _ atients were stuaied aiter approximately (0] rom the las
expenditure (REE) of the same patient} uring their par dialysis, in the postabsorptive, overnight fasted state, to avoid the

ticipation in the same study (20) ang) (during the adminis- ossible confounding effects of the dialytic treatment or of 1Dt

tration of a sequential 6-wk cycle of therapy with GH assocE’eon measured variables. In the GH and the GHDPN periods, the

ated with intradialytic nutrient supplementation. last administration of GH (or of GH IDPN) had been effected 72 to
74 h before the study. At approximately 8:00 a.m., a peripheral vein
. was cannulated with a Teflon catheter and used for isotope infusion.
Materials and Methods After 120 min, the procedures for catheter positioning were started.
Patient Characteristics Catheters were introduced into a brachial artery and, in a retrograde
Six HD patients (five men and one woman) participated in thashion, into the ipsilateral deep forearm vein. After a 150-min tracer
study. Their mean age was 604 yr, and their mean dialytic age wasequilibration period, blood samples were taken simultaneously from
5.5 = 2 yr. All patients showed evidence of chronic, stabilizethe vein and the artery at 20-min intervals during a 60-min period.
malnutrition. They had lost weight (from 3.5 to 11 kg) more than 6 mo Leptin was measured, in retrospective samples, when we observed
before the study, during intercurrent illnesses and/or reduction that in the normal condition peripheral tissues are able to produce
dietary intake. They had been clinically stable, with no further loss teptin (8). During the study, blood samples for hormone concentra-
gain of weight, for at least 3 mo before the study and in the 6 wk ¢ibns were collected in heparinized syringes and immediately kept in
baseline follow-up. Their body mass index was 1Z80.8 (range, ice. Plasma was separated within 30 min by centrifugatiot 4£tC.
15.9 to 21). Their body weight relative to ideal body weight wast79 Samples were stored at80°C until assayed. Plasma leptin concen-
3% (range, 75 to 90%). According to the classification of proteirtrations were assayed using a RIA method (DRG Instruments GmbH,
energy malnutrition based on weight for height (21), one patient colldarburg, Germany). Serum concentrations of IGF-1, insulin-like
be classified with severe (weight for height 70% relative to the growth factor-binding protein-1 (IGFBP-1), IGFBP-3, insulin, and
median NCHS standards), three with moderate (weight for height cortisol were measured during the baseline and at the end of each
70 to 79%), and two with mild (weight for height 80 to 90%) study period as described previously (20). Serum FT3 and FT4 were
protein-energy malnutrition. All of them were lymphocytopenic (lymmeasured by RIA.
phocyte count, 1334 200 cells/mm). Serum albumin was 4.1 0.1 IGFBP-2 levels were determined by double-antibody RIA using a
g/dl. In dialysis patients, serum albumin may be reduced becausenohequilibrium technique as described by Clemmensal. (22).
chronic inflammation or the coexistence of acute catabolic illness&pecific IGFBP-2 antiserum was purchased from Upstate Biotechnol-
Patients with signs of inflammation were excluded from the preseogy Incorporated (Lake Placid, NY), and the standard was a pure
study. All patients studied here had CRP levels of less than 5 mglGFBP-2 preparation obtained by DNA recombinant technology (Im-
Protein catabolic rate was 1t 0.1 g/kg, and calorie intake was munoKontact, Frankfurt, Germany). Radioiodination of IGFBP-2 was
approximately 28 to 31 kcal/kg, as estimated by nutritional interviewachieved by reacting pg of protein with 1 mCi of Na125I and 109
Patients were on a thrice weekly dialysis schedule; their Kt/\VV waé chloramine T in a final volume of 10Ql of 0.5 M sodium
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phosphate [pH 7.4]. After the reaction was terminated by the additibetween periods. Linear regression and correlation were used to
of 50 ug of sodium metabisulfite, unreacted iodide was removed [®valuate the relationship between two variables. Statistical analysis
passage through a 0:7 50-cm column of Sephadex G-100 in 0.01 Mwas performed with the Statview Statistical Package (Abacus, Berke-
phosphate buffer 0.25% bovine serum albumin (pH 7.5). The specifay, CA).

activity was approximately 10Ci/ug protein. Normal range for

age-matched adult subjects is 150 to 350 ng/ml.

The methods for the measurement of muscle protein turnover B@SUHS o ) )
reported extensively elsewhere (20). Briefly, muscle protein metabo-A summary of selected blood chemistries during different
lism was estimated by the forearm perfusion technique associa@riods of the study is shown in Table 1. We have previously
with *H-phenylalanine kinetics (23). By this technique, the rates eéported the effects of GH on some serum hormones, as well as
disposal of phenylalanine across the forearm in the steady state refl@FBP-1 and IGFBP-3 (20). In addition to what has been
the rates of incorporation of phenylalanine into protein, whereas tissigorted, IGFBP-2 levels declined markedly during GH treat-
rates of appearance of phenylalanine reflect the release of phenyjgsnt and tended to increase in the washout period (Table 1).
anine from tissue protein breakdown. Plasma insulin did not show changes during the first GH
ggministration, whereas it increased significantly when GH

muscle protein turnover and leptin exchange. REE was assesse . - N
indirect calorimetry (Beckman MMC-1 Calorimeter). The initial SOWQIS given together with IDPN (from & 0.9 to 14= 0.9

min of calorimetry were used for acclimatization, and the calculatior’r%U/mI in the washout and GH- IDPN periods, respectively,

represent mean values of determinations obtained during 30 min< 0.02). There was no ov_erall change in serum thyroid
thereafter. hormones. Both treatments with GH and GHIDPN were

Changes in body composition induced by treatment were estimaggsociated with a decline in BUN levels. There was no overall
by anthropometry (24). Hematocrit was measured by a microcapillaghange in creatinine, glucose, and phosphate levels in response
procedure. All other serum chemical measurements were determite@coth treatments.

by routine clinical chemistry laboratory procedures. The estimates of fat-free mass showed an increase of ap-
) proximately 1 kg after a 6-wk GH course, with no further
Calculations significant change in the following periods (Table 1). Fat mass

Forearm leptin balance was obtained by multiplying the arterigended to decrease, although not significantly.

venous difference for leptin by plasma flow. Forearm phenylalanine changes in REE that occurred during the study are shown in
kinetics were calculgted using the_a_rterlovenous mod_el (23) and §&ble 2. After GH administration, REE rose significantly, by
reporte_d using arterial-specific activity as an expression of the p%proximately 5%. REE declined subsequently after a 6-wk
nylalanine precursor pool (20). washout and rose by approximately 7% during GHDPN.
Respiratory quotient exhibited a tendency toward a decline,
although not statistically significant, in both periods of GH

. . S administration. Table 3 shows the effects of treatment on
performed using the two-tailetdtest to compare arterial with venous

data. When the arteriovenous difference was different from zero ( |€Ptin- Basal leptin levels were markedly low and were not
0.05) or when intragroup statistical significances were to be evaluat&gnificantly modified by the first GH treatment or washout.

a repeated measure ANOVA was used to compare the overall changésing GH + IDPN, leptin levels rose by approximately 50%,
during the periods of the study. When ANOVA indicated statistic&ven in the presence of a tendency toward a decrease in fat
significance P < 0.05), apost hocF-based test was performedmass. At the baseline, leptin levels in the deep forearm vein

Statistical Analyses
All data are presented as the mearSEM. Statistical analysis was

Table 1. Biochemical measurements and estimates of body composition using anthropometry, at the baseline, during GH,
washout, and GH+ IDPN period$

Baseline GH Washout GH- IDPN
BUN (mg/dl) 75+ 7 59+ 7P 72+7 57+ 7%¢
Glucose (mg/dl) 76- 5 78+ 5 77+ 6 85+ 6
Phosphate (mg/dl) 5.6 0.0 5.7+ 0.3 6.0+ 0.5 5.0+ 05
Calcium (mg/dI) 1004 10.1+ 0.4 9.7- 04 9.7+ 0.3
IGFBP-2 (ng/ml) 1655+ 102 1053+ 64°¢ 1323+ 48 NA
FT3 (pg/ml) 1.9+ 0.3 1.8 0.2 2.3+ 0.2 1.8+ 0.2
FT4 (ng/ml) 11+ 1.1 13+ 0.3 11+ 14 12+ 0.4
Fat-free mass (kg) 476 2.8 48.6*+ 2.8 48.2+ 2.8 48.8+ 2¢
Fat mass (kg) 4.6 1.0 4.2+ 0.8 4.0+ 0.79 4.0x 0.8

2GH, growth hormone; IDPN, intradialytic parenteral nutrition; IGFBP, insulin-like growth factor-binding protein; NA, not available.
b Significance of difference from the corresponding value at basefine:0.02 or less.

¢ Significance of difference from the corresponding value at basefne:0.05.

9 Significance of difference from the corresponding value at wash®ut: 0.05.

€ Significance of difference from the corresponding value at wasH®ut: 0.02 or less.



J Am Soc Nephrol 11: 2106-2113, 2000 GH and Leptin Metabolism and Energy Expenditure 2109

Table 2. Effects of treatment with GH on REE and respiratory quofient

Baseline GH Treatment Washout GHIDPN
REE (kcal/day) 1256 46 1321+ 41° 1278+ 50 1349+ 51°
Respiratory quotient 0.8fr 0.02 0.76x 0.02 0.80= 0.03 0.76x 0.02

2REE, resting energy expenditure.
PP < 0.01versusbaseline.
¢P < 0.05versusbaseline.

Table 3. Leptin arterial levels and forearm leptin exchange during different periods of the study

Baseline GH Washout GH- IDPN
Leptin arterial levels (ng/l) 2.6 0.19 2.2+ 0.26 2.2+ 0.28 3.0+ 0.72
Leptin exchange (hg/min 100 ml) —0.42+ 0.08 —0.2+ 0.05 —0.52%£0.15 —1.16+ 0.26°

2P < 0.05versusbaseline.
PP < 0.01versusbaseline.

were consistently greater-(L1%; P < 0.001) than the corre- Table 4. Correlations between changes in leptin release from

sponding arterial values. A similar arteriovenous gradient for the forearm and other variables during treatment
leptin has been shown to occur across the leg in the healthy with GH
condition (8,9). During the first GH treatment, the release of ; pa
leptin from the forearm tended to decrease. Conversely, treat-
ment with GH + IDPN caused an increase in leptin release A insulin 0.703 0.001
from peripheral tissues. It is of note that GHIDPN caused A cortisol 0.336 NS
a significant increase in insulin levels. In all periods of the A IGF-I -0.223 NS
study, changes in arterial leptin were directly related to A IGFBP-1 0.619 0.02
changes in leptin release from the forearm (Figure 1). A IGFBP-2 0.394 0.1

Table 4 gives the results of linear regression and correlations A IGBP-3 0.234 NS

between leptin release from the forearm and other variables T
all four periods of the study, changes in net leptin release were
directly related to changes in arterial insulin (the greater the

increase in insulin, the greater the increase in leptin producti®gple 5. Correlations between changes in arterial leptin
from peripheral tissues). In the basal, GH treatment, and wash- levels and other variables during treatment with

NS, not significant.

out periods, changes in net leptin release were also related to GH
IGFBP-1 and, less consistently, to IGFBP-2 concentrations:
Leptin release showed no significant relationships with r P
changes in gort|sol, tqtal IGF-l,'or IGFBP-3 levels over ba§al A insulin 0.569 0.01
values. Similarly, during all periods of the study, the arterial .
leptin levels were directly related to arterial insulin (Table 5). & COMisOl 0.151 NS
eptin levels were directly related to arterial insulin (Table 5). A IGE-I _0.170 NS
A IGFBP-1 0.316 NS

24 : A A IGFBP-2 0.03 NS
£ (o <oom A IGFBP-3 0.281 NS
k-] 1.6 4 :
%E 1.2 A i .
§9 0.8 - ’ *o ¢
%“ 04l 2 * e During all periods of the study, there was no relationship
1 084 : between changes in leptin release and changes in phenylalanine

e o ‘ M o : ve ae o Rd (r = 0.25;P = NS) or net balancer (= —0.260;P = NS)

A Arterial Leptin (ng/mi) across the forearm.

Figure 1.Relationship between changes in arterial leptin and leptin Variations in REE over basal values were not related to
output from the forearm during treatment with growth hormone (GHjhanges in arterial leptin levels during all periods of the study.
or GH + intradialytic parenteral nutrition (IDPN) in malnourishedHowever, variations in REE were positively related to changes
hemodialysis (HD) patient®, GH; O, washout;#, GH + IDPN. in phenylalanine Rd across the forearm (Figure 2).
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5 88 (=0.485:p <0.025) Moreover, in all periods of the study, we observed no signif-
;@ : . . ¢ * o+ * . icant relgtionship between changes in arterial leptin and
fg o changes in REE.
E% 24 / o It is of note that a significant release of leptin was found
i_gs g st 2 * across the forearm in the baseline period, even in the presence
g 24) ° of markedly low leptin levels and indices of body fat compo-

“ = ’ ® “ * ® ™ sition. Venous leptin concentrations were approximately 11%

A REE (calimin)

lSgrr('aeater than in the arterial blood, demonstrating that leptin

Figure 2.Relationship between changes in resting energy expendit - . . X ;
increases substantially in a single pass across peripheral tissues

(REE) and muscle protein synthesis (as expressed by changes in. | ished . A simil 29 .
phenylalanine rate of disposal across the forearm) in malnourisHEd ma nouris e. patients. similar+{4%) arterlovenoqs
HD patients during treatment with GH or GH IDPN. gradient for leptin has been shown to occur across the leg in the

healthy condition (8). An estimate of leptin production by fat

contained in forearm tissues can be obtained by the rate of

leptin release. In the basal period, leptin release by peripheral
Discussion tissues was approximately 0.4 ng/min 100 ml of forearm.

Recent observations suggest that REE is increased in HBm upper-arm—based anthropometric values, the percentage
patients (25) and that it could in part account for the markexd fat of patients studied here was only 8 to 9%, a figure that
alterations in body composition that often are found in these less than 50% of what is observed in normal nutritional
patients, including a loss of both fat and fat-free mass, mostadnditions (32). Therefore, one could estimate their forearm fat
which is composed of skeletal muscle protein. It has beeontent to be approximately 50% decreased from the average
observed in cross-sectional studies that serum leptin levels acgmal 20% forearm composition (33).e. approximately
a strong positive determinant of REE (26) and food ingestidi® g. An estimate of the amount of leptin provided by forearm
(27) in normal human. Moreover, leptin accumulates in pdat yields a figure of 4 ng/mink 100 g of fat; such a figure is
tients with end-stage renal disease, and its levels are inverdalyher than the estimate provided by Jenseal. (9) across the
correlated with protein catabolic rate, an index of proteileg of healthy subjects (lean men, 2.4 to 3.1 ng/;id00 g of
intake, as well as with albumin concentrations (28), suggestifaf/min) and by Kleinet al. (34) (3.2 ng/100 g of fat/min)
that leptin is important for determining nutritional status imcross adipose tissue. This observation suggests that in mal-
dialysis patients. nourished HD patients, it is not the absolute rate of production
There are several lines of evidence to suggest that GH danadipocytes but the decrease in overall fat mass that causes

modulate energy expenditure and influence the leptin systeiow leptin levels.
However, the relationships among leptin, GH, and energyWe observed that leptin release from the forearm declined
expenditure are complex and not completely understood. GHsigghtly when GH alone was given but markedly increased
a determinant of REE in the young age (26); in several settingghen GH was given in association with nutritional supple-
the administration of GH increases REE independent ofents. Changes in arterial leptin were closely related to
changes in body composition (26). However, leptin increasesanges in forearm leptin release, suggesting an important role
GH gene transcription and secretion in animals (29). Moreovef, peripheral fat in influencing leptin levels in uremia. Our data
Fouqueet al. (17) observed recently that the administration ashow, however, that a correlation between leptin levels and GH
GH in addition to IGF-1—but not IGF-1 alone—was able taloes not exist under all conditions. From our data, the major
increase leptin levels. Because GHIGF-1—but not IGF-1 determinant of leptin is insulin concentration. Although during
alone—increased energy expenditure (30), it is possible thhaeé first GH administration we found no significant changes in
leptin may be a mediator for these changes. The effects of @is$ulin levels, during the second period, in which GH was
on leptin levels may be variable, however (31). The presegiven in association with IDPN, insulin levels increased. In this
study was aimed at investigating the effect of GH administreegard, it is interesting that changes in both the forearm release
tion on leptin levels and metabolism by forearm peripheraf leptin and arterial leptin were related to changes in insulin
tissues, as well the relationships between REE and lepkavels. This is in keeping with previous studies indicating an
metabolism in HD patients with protein-calorie malnutritionimportant role of insulin in stimulating leptin production and
Our data show that in HD patients with protein-calorie malnwith what was observed by Fouqgaeeal. (17) during acute GH
trition, short-term treatment of GH is able to increase RE&ministration in dialysis patients. In the latter study, an in-
significantly. These observations are in accordance with resudtease in leptin was found in the presence of a significant
provided by several studies in healthy volunteers and in Gitcrease in insulin levels. It is also of note that dialysis patients
deficient (16) and HD patients (31). However, our data do notay have normal or high leptin levels, depending on insulin
support the hypothesis for the role of leptin in GH-inducedoncentrations, and that fasting insulin levels of more than 14
thermogenesis. Patients studied here presented very low lepiityml are associated with significantly greater plasma leptin
levels, in keeping with that observed by Meraketl. (3) in  concentrations, which are independent of body fat content (35).
underweight uremic patients. However, in response to treatdn our study, we found no relationship between arterial
ment with GH, leptin levels exhibited no significant changdeptin or peripheral tissue release and total IGF-1 levels. It is of
and leptin increased only when GH was associated with IDPRbte that in previous studies, no correlation between IGF-1 and
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leptin levels has been observed either in the basal state or aftetely 4% of actin composition, one could estimate that in
IGF-1 administration in uremic patients (36). However, othé¢hese patients the overall daily muscle PS was 20 to 27 g.
authors have observed an inverse relationship between plasbeasidering that the energy cost of PS is approximately 5
leptin and IGF-1/IGFBP-3 ratio (37). Because the latter refledtsal/g (43), one can estimate that the 25% increase in muscle
the concentration of free IGF-1, it is conceivable that leptiRS induced by GH accounts for a rise in energy expenditure of
may be related inversely to free IGF-1. In our study, leptiapproximately 25 to 38 kcal/d, as much as 38 to 58% of the
release from peripheral tissues was also inversely relatediriorease in REE observed in the present study. It has to be
changes in IGFBP-1 and, less significantly, in IGFBP-2: thenderlined, however, that even if GH increases PS but has no
greater the decrease of the latter IGFBP (therefore, the greatfects on protein degradation, additional energy may be used
the amount of free IGF-1), the lower the release of leptin fromot directly in PS but in other processes that are necessarily
peripheral tissues. Thus, it seems that peripheral leptin produwreased during GH administration.
tion is modulated in an opposite fashion by insulin and the It is interesting that an increase in basal insulin levels was
amount of circulating free IGF-1. Itis interesting that, owing tmot seen in the first part of the study, when GH was given
the decline in kidney metabolic activity, patients with chronialone, but was observed in the second part of the study, when
renal failure may have slight hyperinsulinemia and raised lepatients received nutrient supplementation. These data suggest
els of low molecular weight IGFBP, thus being “predisposedhat GH antagonism regarding glucose disposal, with its atten-
to a stimulation of leptin production. dant hyperinsulinemia, may be revealed by caloric supplemen-
We have already reported the effects of GH on muscle R&ion (44). The insulin resistance caused by GH might exert an
(20). During treatment with both GH and GH IDPN, the additional anabolic effect in muscle (45) with an acceleration
negative net phenylalanine balance across the foraanthe of recovery of lean body mass, because in humans, even a
result of difference of PS and protein degradation, declinadhall increase in insulin levels can cause a decrease in muscle
significantly (by 36 to 46%versusthe baseline or washoutprotein degradation (46). In our study, however, the increase in
period). This was due to a similar increase in PS in both studystemic insulin observed during the administration of GH
periods, whereas no change in phenylalanine rate of appd®PN was not associated with any significant change in muscle
ance was observed. Changes in leptin release from periph@rmaitein degradation. In this regard, it has also been observed
tissues were not related to changes in muscle protein dynamtbst during the acute, combined administration of GH plus
Such an observation suggests that these procassesjuscle insulin, GH blunts the action of insulin to suppress muscle
protein turnover and leptin export, are not interrelated. proteolysis (47). Therefore, our observation suggests that a
What process may account for the GH-induced thermogerempensatory increase in insulin levels during GH administra-
esis? Previous studies have shown that both short-term @bh does not increase protein anabolism in addition to those
administration (30) and GH discontinuation in GH-deficientaused by GH.
subjects (38,39) induce acute changes in REE independent dt is noteworthy that together with an increase in fat-free
changes in body composition. In the short-term study presentadss, a decrease in fat mass was observed in elderly HD
here, patients underwent a slight increase in fat-free mapatients who were treated with GH for 6 mo (48). In the
which is unlikely to affect REE significantly. Moreover,protein-energy malnourished patients studied here, we ob-
changes in REE were not related to changes in fat-free masstved a tendency toward a further decrease of a fat mass
As an alternative possibility, we have to consider the GHdready diminished. The increased REE stimulated by GH may
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