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FLUOXETINE AND ENERGY EXPENDITURE IN 

OBESE HUMANS SUBJECTED TO ENERGY RESTRICTION 

by Rachelle Bross 

ABSTRACT 

1 investlgated the effects of contmuous administration of fluoxetlne, a serotonin reuptake 

inhibitor, on energy expendlture, body temperature, and thyrold and catecholamine metabolism 

durlllg welght reductlon uSlng a very low calo ne dlet (VLCD, Optlfast, 1757 kJ/day) followed by 

a balanced deflcl! dlOt (BOO, 5016 kJ/day) Fluoxetille (60 mg/day by mouth, n = 10) or placebo 

(n = 1 0) werc admlnlstered dunng 3 weeks of Inpatlent VLCD followed by 8 weeks of outpatlent 

BOO Hl a double-bllnd, randornlLed design A slmllar arnount of welght was lost ln both groups 

duriny the VLCO, but by the end of the BOO total welght loss ln the fluoxetine group was 

slgnlflcantly greater (11 0 ± 1 1 kg vs 7.0 ± 1 0 kg, mean ± SEM, p<O 015) Restll1g metabolic 

rate (RMR) Illcreased by 4 4 ± 1 8% (p< 0 01) III the fluoxetlne group but dld not change in th3 

placebo group dunng the flrst week of the VLCO, but subsequently decreased slglllflcantly in 

both groups as dlctlng contlnued However, RMR remalned consistently higher ln the fluoxetine 

group for the duratlon of the VLCD penod No further change 111 RMR occured ln either group 

dunrg the BOO pcnod The thermlc effeet of food did not change after VLC dleting plus 

fluoxetille 01 placebo troatment Budy temperature li1creased wlthln 2 days of fluoxetlne 

treatmcnt by a mean of 03°C, P <0025 and remalned elevated throughout the VLCD but was 

unchanged ln the placebo group VLCD therapy reduced serum levels of T3, free T3 Index and 

24-hour urlnary excretloll of dopamine, noreplnephnne, metanephrine and normetaneprrine 

eqUivale.ltly in both gloups A thermogellic effeet of fluoxetme is demonstrated in humans for 

the tlrst tlme The anorectlc effect of fluoxetlne may be related to Its tempe rature elevating effect. 
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FLUOXETINE ET DEPENSE ENERGETIQUE CHEZ DES SUJETS HUMAINS 
OSES ES A LA DIETE 

par Rachelle Bross 

RESUME -----

Nous avons examlr.é les effets de l'administration continue de fluox6tlne, agent Inhlbltour 

du recaptage de la sérotonine, sur les dépenses énergétique, la température corporelle, los 

hormones thyroldlennes et le métabolisme des catécll0lamlllf's pendant une perte de pOids 

induite par un régime à très basses calones (RTBC, Optlfast, 1 751 kJ/jour) SUIVI d'une dlote 

hypocalorique éqUIlibrée (DE, 5 016 kJ/jour) Des comprimés de fluoxétille (60 mg/jour par vOie 

orale, n -= 10) ou de placebo (n:...:: 1 0) ont été administrés pendant 3 semailles aux patients 

hospitalisés sUivant un ATSC pUIS pendant 8 semaines di1ns le cadre d'une DE el1 clinique 

externe organisé sous la forme d'un essai randoJllIs6 à double Insu Pendant le RTBC, la 

quantité de pOids perdu dans chaljue groupe a ôté comparablo JllalS à la fl/1 du DE, c'esl dar.s 

le groupe à qUI avait été administrés des compnmés de fluoxétlf10 que les pertes do pOids ont 

été les plus Importantes (moyenne ± SEM 11,0 -t 1,1 contre 7,0 1 1,0 kg, p<OOI5) Le 

métabolisme de repos (MR) a augmenté de 4,4 ~ 1,8 % (p < 001), dans le groupe avec 

fluoxétlne mais n'a pas changé dans le groupe avec placebo pendant la première semaine du 

RTSC, pour décroître de façon marquée dans les deux groupes pendant la dlôte ToutefoIs, 

le MR a touJours été supéneure dans 10 groupe avec fluoxétlne pendant toute la durée du 

RTSC Le MR n'a pas diminué pendant la DE, quel que salt le groupe L'elfet thermique de 

l'alimentation n'a pas changé après le traltem~nt au fluoxétlne ou au p!acebo La température 

corporelle a augmenté en moyenne de 0,3°C, rl<O 025 dans les deux jours qUi ont SUI\/llû début 

dl.. traitement à base de fluoxétlne et elle est restée élevée pendant toute la (jurée clu H mc, 
sans toutefoIs changer dans le groupe avec placebo Le R1 BC s'ost acc~)rnragn() d'une 

diminution des concentrations sériques de T 3 et de l'indice de T J libre, l'cxcrt~tlon unnalre sur 

24 heures de dopamine, norépinéphnne, métanéphnne, et norrn6tanephnnc a été équivalente 

dans les deux groupes L'effet thermogène de la fluoxéllne est dinSI démontré cheu l'otro 

humain pour la première fOIs L'effet anorexigène de la fllJoxètlne est peut etre Ile à l'effet que 

cette substance exerce sur la température corporelle 
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INTRODUCTION 

A reductioll in the resting metabolic rate (RMR) is a consistent feature of energy restriction 

(SheUy, 1990) This effect IS commonly aseribed to a combination of a reduction in the active 

tissue mass of the body, and an adaptive decrease in metabolic rate per unit of active tissue 

(Apfelt.aum 8. Fricker, 1990; Benedict & Mill..1':;, 1919: Keys et al. 1950; Grande et al. 1958). The 

physiologleal mechanisms governing the reduction in metabolie rate per unit of active tissue are 

not fully understood, but are thought to Include changes in sympathetic nervous system (SNS) 

activity and catecholamir:~ "lecretion, thyroid hormone metabolism, and insulin secretion (Shetty, 

1990) 

The use of drugs to preven~ ~he adaptive reduction in RMR during weight reduction is an 

aUractive concept in obesity treatment, since this would make weight 1055 faster at any given 

energy intake. Fenfluramine, a serotonin-agonist drug long used to trElat human obesity has 

reeently been shown to increase the RMR of obese humans (Yen & Fuller, 1992), and to 

potentiate the thermie effect of food (TEF) ln both animais (Levitsky et al. 1986b) rind humans 

(Troian0 et al 1990; Astrup et al 1992). 

Fluoxetlne Hel is a serotonin reuptake inhibitor currently in wide USE' as an antidepressant. 

ln early cllmcal trials, depressed fluoxetine-treated patients were observed to lose weight. 

Subsequent trials in obese indlviduals who were not depres:;ed have confirmed that fluoxetine 

potentlates welght 1055 (Yen & Fuller, 1992), this appears largely to be due 10 c9creased food 

intake, but ttle meehanisms have not been ~Iucidated in detail. The possibility that fluoxetine 

might Increase welght 1055 tnrough an effect on energy expenditure has not been previously 

studied. The present study was therefore designecl to determine if fiuoxetine has such an effect. 

The text whieh follows includes a review of the basic ccncepts of energy balance and the 

determinants of energy expenc!iture. This is followed by a discussion of the effects of starvation 
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on energy balance and energy expenditure, an overvlew of the nutntional and pharmacological 

influences on energy expendlture, and flnally by a rat/onale for and descnptlon of the research 

plan of the pre~ent study. 

1. ENEAGY BALANCE AND THE DETERMINANTS OF ENERGY EXPENDITURE 

1.1. DefinitioRs and Basic Concepts 

1.1.1. Calorie (cal) 

1. ~ .2. Kilocalorie (kcal) 

1.1.3. Joule (J) 

1.1.4. Thermodynamiq.§. 

the amount of energy required ta ralse the temperature of 

1 9 of water from 3.SoC to 4.SoC 

the amount of energy required ta raise the temperature of 

1 kg of water by 1 oC 

= 0.239 calories 

The First Law of Thermodynamics is that energy can neither be created nor destroyed 

(Park et al. 1992; Brown & Brengelmann, 1965). The human body loses energy continuously ta 

the environment in the form of heat; ta sustaln life, this energy must be restored The source of 

this energy is the chemical free energy in the hlghly S\iuctured carbon bonds ln food. ThiS 

energy is quantified by measl., ing the heat released when a known amount is OXldlzed III a bomb 

calorimeter This "heat of combustion" is exprassed as kcal per gram. The heat of combl.stion 

of glur::ose is 3.75 kcal/g; of starch is 4.1 kcal/g; of protein IS 54 kcal/g; of fat IS 9 1 kcal/g and 

of ethanol is 7.1 kcal/g. The commonly accepted values for the usable energy contents of 
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carbohydrate, protein, fat and ethanoi are 4, 4, 9 and 7 kcal/g respectively. They are lower th an 

the total free energy content because of the variabllity ln absorption of the nutrients, the hydration 

of glucose, the energy remalning in the nltrogenous end products of amino acid oxidation, and 

the volatlltty of ethanol which results in some loss trom the body. In summary, the human body 

cannot consume or produce energy; it takes in energy from f()od, converts it into usable forms 

to pe,form Iife functlons, and then passes It on to the environment (Brown & Brengelmann, 1965). 

The Second Law of Thermodynamlcs IS that the amount of entropy in a system and its 

surroundings always Increases in a spontaneous reaction (Park et al. 1992; Brown & 

Brengelmann, 1965). When a nutnent is oxidized, part of iW energy is thermodynamically 

obligated for conversion to heat since the heat energy content of the metabolic end products is 

greater th an the Iree en~rgy content 0f the initial nutrient. Man Increases the entropy of his 

surroundings by discharglng end products (increased energy) of metabolism of nutrient 

molecules (Iow entropy) mgested. The amount of heat lost is not large, with approximately 95% 

of ingested energy avallable as free energy. However, the conversion of food energy into usable 

high energy compounds (such as adenosine triphosphate) is not very efficient. With more than 

half of potentlaliy available free energy is lost to the environment as heat. This heat loss is 

essentlal slnce It is the basis for unidlrectionality of metabolic pathways and their regulators. The 

fraction of free energy retained in ATP in oXldative pathways IS used to maintain life; this includes 

the maintenance ot ionic gradients across membranes, biosynthesis of new molecules, internai 

work such as blood circulation and external work such as lifting a pen (Newsholme & Leech, 

1989). 

1 .1 .5. E:nergy Balance Energy balance is utilizable energy taker, Il. minus energy expended. 

When energy in equals energy out, a person is said to be in neutral or zero energy balance. If 
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Emergy in is greater than energy out, Cl person is said to be in positive enElrgy balance and IS 

storing energy When Emergy in is less than energy out, a persol"' IS III ncgatlvc energy balance 

and is oxidizing his/11er end0genous stores to provlde energy (Burszstelll et al. 1989) 

1.1,6. Energy 8torage: When humans ingest carbohydrates, proteins, or fats, they elther OXldilO 

thern immediately and use the energy released to do work, or transforrn Ulem Into forms tllat can 

be stored as potential energy (Burszsteln et al 1989) TI18 body slows cnorgy clS fal, ~Jlyco~J0n 

and protein. Wh en exogenous energy IS not avallable, as OCCU!S dunng an ove! Illght fasl. U10 

body derives energy from its endogenous fuels (Garrow, 1978). Energy is stored malnly as fal 

A normal 70 kg man has about 13 kg of fat, which can yleld approxlmately 125,000 kcal (525,000 

Kj) on oxidation. These stores can theoretically allow an indivldual to survive for 50 days. given 

a daily energy requirement of 2500 keal Body protcln IS also lost dUring a total tast (Danfortll, 

1985; Brown & Brengelmann, 1965), A normal man has acout 1 kg ot protoln of whleh 7 kg aro 

intracellular and 4 kg are extracellular. The extracellular or st,uctural prote ms ln bone and 

connective tissue are very stable, and are considered to be unavailable for metabolie neods The 

intracellular proteins, whieh make up the body's active eell mass, serve many funetlons but arc 

chiefly enzymes and contractile protelns, there are no storage prolell1s Hw osllfTlaled 11 kg of 

protein can potentially yleld approxlmately 45000 kcal (188,000 k"':), or a maximum of 18 days' 

energy at 2500 kcal/day. However, due to the essentialfunctlon of protein, loss of protoln loads 

to adverse functional consequences which are conventionally consldered to be the cause of 

death in long term starvation (Hotter, 1993; Wu & Marliss, 1992) ln addition to fat and protem, 

the body contains between 1000-3000 kcal of carbohydrates stored ln Hie liver and muscles as 

glycogen. This is available for Immediate energy needs, such as exorCise, but IS of little long­

term value by virtue of its limited supply. 



• 

• 

10 

1 1 7 Ener:gillQendJ1ure A large fraction of the energy liberated during substrate oxidation can 

be retalned because reactlons ln the degradatlon pathways are IInked to the formation of ATP 

"Energy expendlture" refers to tne hydrolysls of ATP, or of other high-energy bonds. Each 

substratc/fuel has a dlfferent heat of combustion and generates a dlfferent amount of heat, per 

litre of oxygcn uscd to burn It. For I3xample, the oXldation of 1 mol (180 g) glucose involves the 

uptake of 6 mol (1344 litres) of oxygen (02), and the production of 3 mol (1344 litres) of carbon 

dloxlde (C02), 6 mol (108 g) watcr and the IIberatlon of 665 kcal (Galrow, 1978). The retained 

energy rccovered ln ATP (and other hlgh-energy phosphate bonds) is then used fOI both internai 

and external work Each fuel also has a charactenstlc resplratory quotient (Ra), the volume of 

CO2 dlvlded by the volume of 02 consumed for oXldation. The Ra for carbohydrate is 1.0, for 

fat IS 0 7 and for proteln 0 8 Desplte the large differences ln the heat of combustion and Ra for 

the dlfferent fuels, they ail produce simllar amounts of energy per litre of 02 used, 5.05 kcal for 

carbohydratc, 446 for protelll and 474 for fat For a person consuming an adequate mixed fuel 

dlet, and hcnce wlth an RO ln the range of 0.75 - 0.85, energy production can be calculated by 

the followlng formula (Park et al 1992): 

Energy production (kcal/mmute) = 4.80 x 02 (Litre/minute) 

Under these conditions oxygen consumptlon can be used as an indicator of energy expenditure. 

This equatlon slightly underostlmates energy production when the predominant fuel oxidized is 

carbohydrate (Ra = 1 0), as may occur dunng continuous feeding of a high carbohydrate diet 

and shghtly overestlmates It when fat IS the pr~dominant fuel oXldlzed (Ra = 0.7), as occurs 

dunng consumptlon of a ail protein/carbohydrate free diet or total fasting (Slmonson & DeFronzo, 

1990) The ebbrevlated Welr equatlon (see section 1.3.2.2.) takes into account changes in the 

Ra and IS ttlerdore a more accu rate measure of energy expendlture under different nutritional 

• conditions (McClave & Snlder, 1992) 
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'1.2. Detterminants of EI1m:ID' E)U~:mdi1ture 

Energy expenditum can be divided eoneepluall'{ into Huee major components The 

largest compommt is. tho msting melabollc ra!o (fiMF\) wrlleh accouilis for approximaloly 65-75% 

of total cla,ily E'ne'rgy f3xpendlture The 3€'concllargest compOllE1nt is Ihl3 thermlc offoct of ol<orcise 

(TEE) which 1/l,::ludes work dOnE) on the ell'lmonment. The TE E of an I/ldivldual Ilot ongagod ln 

heavy labour aceounts. lm 1 F.5·20% of tot.al daily enmgy e)(per.diture, but It can Incroaso Iwo fold 

with heavy exerclse. The tllircJ cOlTlp()nent of enmgy €xpenditure 15 the thermie effect of food 

(TEF) or dlet-induced therm()~leneSls (DIT) The l'EF accol.lnls for 10% of dally onorgy 

expenditure, but can vary depend:ng on the amount of en'3lgy consumed and on the nutnant 

composition of the diet (Fugate et al. 1990; Woo et al. 1985; Danforth, 1985) 

1.2.1 Resting Metabolic Rate 

The RMR is the amount of energy expended by a restlng mdlvidual in a thermonoutral 

environment without the effects of meal consumption, physical actlvity, or other physlological or 

mental stress (Burszstein et al. 1989; Dan10rth, 1985; Clark & Hoffer, 1991) The value rnay be 

slightly greater than the true basal metabolie rate WhlCh, in addition to the above conditions, IS 

measured in the morning upon awakening after 12-18 hours of rest and Illcludes the deflnllioll 

of conditions VI,ith respect to circadian rhythms (Garrow, 1978) The energy expended at rest 

inclu,::Ies the costs of maintaining the biochemicôl and structural Integrity of the body, and the 

costs of performing internai work, ion pumps, synthesis and degradatlon of cell constituents, 

biochemical cycles, and leakage of protons across the mitochondnal membrane (BurslstOln et 

al. 1989). 
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The RMR is influenced by a number of basic factors, including age, sex and body 

temperature (Owen, 1998; Burszstein et al. 1989) Much of the effect these factors have on the 

AMR relates to differences in body composition. 

1.2.1 .1. Age and AMR 

Aestlng energy expenditure decreases with age. Aeported energy requirements vary from 

102 kcal (4270 kJ)/kg/day at age l, ta ~34 kcal (140 kJ)/kg/day between age 30-60 and 20 kcal 

(85 kJ)/kg/day beyond age 60 (FAO/WHO/UNU, 1985). These variations relate ta differences in 

the composition of the fat free mass and to differences in the total quantity of fat free mass 

(Welnsier et al. 1992; Holliday, 1971). 

1.2.1 .2. Sex and AMA 

Men have a higher resting energy expenditure than women of the same height and weight 

(Owen et al 1986; Owen et al. 1987). This sex difference appears to be due to the greater lean 

tissue mass of males, which appears at age 3, but increases rapidly at puberty, when boys 

experience a relatively marked increase in skeletal muscles and girls experience a relatively 

greater increase in adipose tissue (Burszstein et al. 1989). These differences diminish with age, 

so that by age 70, a man requires only an additional 2.1 kcal (8 kJ}/kg/day as compared to a 

woman (Burszsteln et al. 1989). 

1.2.1.3. Body Temperature and AMR 

Humans, being homeothermic, ragulate their core temperature independently of 

environmental temperature Early in this century, DuBois (1954) concluded that metabolic rate 

increases by 13% per degree Celsius (7.2% per degree Fahrenheit) of body temperature when 
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the increase in temperature is not due to an increased Insulatlon. A cllange III temporature is 

not an indicator of energy expendlture, but rather retlects the balanco betwcen 110at production 

and dissipation. In the cOld, energy expendlture Incroases to m3111tnln 3 normal core 

temperature. When ambient temperature flses to 21°C, energy expendlture IS at a mlllllnUIll in 

normal subjects. Above this, energy IS expended to bnng about cooling by swcatlf1g or pal1tlng, 

and total energy expenditure Increases. When the amblent ternperatule lises tao I1lgh. coollng 

mechanisms become inadequate, body temperature flses and deatll evel1tually occurs Different 

adaptations OCC'Jr when ambient temperature decreases. Energy expendlturo InCl eases to 

maintain a core temperature of 370 C, but again death will ultlmately occur once these adaptive 

mechanisms are overwhelmed. Between these extremes in ambient temporature IS a temperature 

zone at which energy expenditure is not influenced, termed the zone of thermal neutralrty (Elwyn 

et al. 1981). Other deviations from thermoneutrality alter the RMA. For example, the sllght 

increase in body temperature du ring tlle post-ovulatory phase (days 17-26) of the 1 :1enstrual cycle 

has been reported to result in about a 5% increase in RMR (Webb, 1986). 

Since 1915, when Benedict suggested that the "active body mass" determlnes tho RMR, 

it has been recognized that the amount of fat free mass in the body (body mass minus total fat 

mass) is highly predictive of the RMR (Owen, 1988). Fat tree mass is thought to most closely 

rE'flect the active body mass, but controversy over the proper reference for the active body mass 

continues up to the present day. Even though RMR and FFM are strongly correlaled, the 

correlation is not linear in normal weight individuals, probably because of the varying 

compositions of the FFM at different total fat-free masses (Weinsier et al 1992). ," ccordlng to 

Holliday (Sims & Danforth, 1987), the average RMR of skeletal muscles is 73.7 kJ kg-1 d- l (176 

kcal) and that of visceral organs (brain, heart, kidney and liver) is 1497.2 kJ kg-1 d-1 (3577 kcal). 

During growth the FFM increases, with muscle mass Increasing more rapldly th an organ mass 
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C (Weinsier et al. 1992; Holliday, 1971). Sy adulthood, the less metabolically active muscle mass 

represents about 85% of the combined welght of muscle and organ tissue but accounts for only 

25% of the RMR (Welnsier et al 1992). In obeslty, where FFM is increased, RMR 15 proportional 

to FFM Howover It is not possible ta state the precise contributions of elther t~.e increased 

muscle or Increased organ mass to the RMR (Sarrows & Snook, 1987). 

The RMR of ar, indlvldual is remarkably constant over periods of 1-2 years); the variations 

have been reported to range from 1-2% (Astrup et al. 1990b) ta 3-6% (Westrate, 1989; Soares 

& Shetty, 1986) Sy contrast, ln subjects weil matched for age, gender, height and weight, 

Inteflndivldual variations are much larger wlth between subject variability in the arder of 16-20% 

(McClave & Snlder, 1992, Astrup et al. 1990b). 

1.2.2. Thermic Effect of Exercise 

The TEE is the energy expended above the resting level, both during and atter physical 

activity (Woo et al. 1985: Sims & Danforth, 1987). Th'3 contribution of exercise to total energy 

expenditure depends on the intensity of the work performed and the duration of the sum of ail 

activities over the day The variability of this component means that the rate of energy 

expenditure can be as low as 1.5 times the RMR for clerical work or as high as 15 times the RMR 

for running ln a revlew of studies pertaining to this issue, Pi-Sunyer and Segal (1992) concluded 

that there IS no effect of exercise on RMR unless the exercise is very prolonged or severe. 

It has proven dlfflcult ta accurately estimate the true contribution of exercise to energy 

expenditure ThiS applles not only to free living indivlduals but also ta pu.sons studiLd in whole 

body calonmeters ln partlcular, it is difficult to measure the degree of spontaneous small 

movements (fldgeting) which may be a quantitatively significant contributor to inter-individual 

differences in energy expenditure (Ravussin et al. 1986). However, recent advances in 
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technology and particularly the use of doubly labelled water, have increased our understandll1g 

of the factors affecting the TEE (Goran et al 1993). 

1.2.3. Thermic Effect of Food 

The TEF is the increase in energy expendlture Immediately following me al Ingestion, it 

includes two components, obligatory and facultative thermogenesis (Woo et al. 1985). Obligatory 

thermogenesis IS the energy expended absorblng, processlIlg and storing nutnonts (Danlorth, 

1985). For example, the co st of converting glucose to glycogen corresponds to abod 5% 01 the 

glucose energy content; the (,ost of convertmg It to IIpld accounts for 24% of tho glucose onorgy 

content (::>imonson & DeFronzo, 1990; FlaU. 1992). Digestion. absorption and stora~le of 

ingested fat amounts to about 4% of the fat energy being storeo. Proteln IIlduces tlle greatost 

"obligatory" metabolic response, about 25% of the protoin energy content Tllo large thermic 

enect of protein is at least partly due to the hlgh energy cost of :Jrotoln synthesls, 

gluconeogensls and ureogenesis (Simonson & DeFronzo, 1990, Flatt, ~ 992) 

Measured TEF IS usually greater th an predlcted by the obligatory componont The 

amount of this Llifference is referr~d to as facul~atlve thermogenosis (Danforttl, 1985) The 

determinants of facultative thermogenesis are not lully understood but appear to mvolve 

sympathetic nervous system (SNS) activation (Welle et al. 1981). Empincal eVldenco for thl5 

include the reduction of glucose-induced thermogenesls by J i -adrenorgic blockado us mg 

propranolol (Acheson et al. 1984; Acheson et al 1983). Acheson et al (Achoson ot al 1983) 

calculated that the energy co st of storing 1 9 glucose as glycogcn IS 1 5 kJ/g Wlth concomitant 

infusion of propranolol ta black f) -adrenerglc receptors, the energy cast docroasod by 0 8 kJ/g, 

a value identlcal ta the theoretlcal biochemlcal cost of glycogen synthesis ThiS component is 

partly due to Insulin-mediated activation of the SNS, which in turn exerts Its U-.ermogenlc effects 
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via relcase of norepinephnne (NE) st!mulating ,~ -adrenoceptors (Astrup et al. 1986) Further 

eVldence of a SNS involvement ln the thermie effect of glucose comes trom the results of studies 

by Welle et al (Welle & Campbell, 1983; Welle et al 1981), who reported that plasma NE 

concentration Increases after glucose, but not proteln or fat consumption. 

Anothcr factor thought to be Involved in the mechanlsm controllmg t/1e two components 

of TEF is Insulln. The role of insulin in TEF was established by studies that examined the 

response to dlet and exorcise ln lean and obese subJects Glucose IS generally the nutrient used 

when examlnlng the raie of Insulin in thermogenesls Flndmgs over the last few years suggost 

tha!. Insulm rosistance and Impalred insuhn-medlated glucose disposai aïe associated with a 

dimillished thermie responsc to glucose. Insulin sensitivity decreases with increaslng obesity 

(Bonadonna ot al 1990) Since many studles (Segal et al 1990, Shetty fi! al. 1981; Bessard et 

al 1983, Schutz et al 1984a, Segal et al 1984, Schutz et al. 1984b; den Besten et al. 1988; 

Aslrup et al 1990a) report a blunted TEF ln obesity it is thought that the Impairments in insulin's 

normal functions are partly responsible for the blunted thermie response to glucose in obesity. 

Several othor studles, 11Owever, report no blunting of the TEF in obesity (Owen et al. 1986; Nair 

et al. 1983, D'AlessIo et al 1988. Shanef & MacDonald, 1982; Welle & Campbell, 1983; Fellg et 

al 1983, Swarnillathan et al 1985) 

Felber et al (1981) sllowed that the oxidation and disposai of a 100 9 oral glucose load 

was different III obese subJects with and without glucose intolerance Obese subjects wlthout 

glucose Intolerance had a tllermic response slmilar to that of lean subjects; those with impaired 

glucose tolrrance had a slgnlflcant decrease 111 glucose oXldation and a marked reduction in 

glucose 8tor890. botn of whlctl would contribute to a blunted TEF. Golay et al (1982) rneasured 

oral glucose TEF in lean subJccts and ln obese subJects wlth normal glucose tolerance, impaired 

glucose tolorance. type" dlabetes with an increased Insulin response, and type Il diabetes with 
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a decreased insulin response. The TEF of glucose was signiflcantly lower in tlle obese subJocts. 

with the extent of tbe reduction in thermogenesis proportion al to the soverity of Illsulin reslstanco 

More recently. Segal et al (1992) determined tlle Indepcndent cffects of oboslly and 

Insulin reslstance on the thermie effect of both a glUCOS8 and nllxod nutrlOnt load They 

observed that the TEF of Intravenous glucose dunng a euglycotnlc. hypollnsullncmlc Clamp IS 

blunted in men with low insu lin sensltivity, Independent of oboslty TIl8 bluntocl TEF wns rolatod 

to a signiflcant decrease in glucose storage, the rate of gllJcose OXluatlon was not altorod Tl1ese 

findings are consistent wlth the greater energy cost of glucose storago th an oXldatlon On the 

other hand, obesity and InSu11n resistance are both independently assoclalod wlth an Irnpalfod 

thermogenic response to a mixed nutrient meal: the TEF of a mixed meal was slglllficantly lower 

in the groups wlth low versus hlgh Insulin sensitivlty, across both levels of oboslty (Ioan and 

obese). and lower in the obese compared wlth lean men, at both hlgh or low lovels of Illsuiln 

sensitivity (Segal et al. 1992) 

Another example ot the controversy of the role of TEF is the impact of physlcal acu\llly 

on the TEF Pi-Sunyer and Segal (1992) reviewed the lIterature and concluded that ln loan 

people, the TEF is greater during exercise than at rest, ln obeso persons tlle potentiatlng offoct 

of exercise on TEF seems to greatly dlmlnlsh or disappear Also, the TEF aftor exorclso IS loss 

in obese than lean subjects. Clearly, the TEF remains controverslal as a factor that may 

contribute to the development or maintenance of obesity. 

There is no dlsagreement on the primary determinants of TEF These are the nutnent 

composition and energy content of the food consumed (Danforth, 1985; Nalr et al 1983) 

Information about these twc determinants comes trom many of tho recent publications on TEF 
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Ali TEF studles agree that protein induces the greatest increase in the metabolic rate (Nair 

et al 1983, Swamlnathan et al 1985) and wlth thE. exception of Nalr et al (Nair et al 1983) who 

reported that atter protein, fat mduces the greatest effect, followed by glucose, the results of 

other studles concur that after protein, a mixed nutnent me al induces the greatest effect followed 

by glucose and tat (Swammathan et al 1985; Lean & James, 1988; Robinson et al. 1990). When 

ex.:>ressed as a percentage of the energy content of the test meal the TEF for protein is 25%, for 

a glucose meal it IS 7-10% and for fat the TEF is 6-8% (Simonson & DeFronzo, 1990) 

The second determmant of tne magnitulie of the TEF is the energy content of the test 

meal. It i~ weil established tllat the magnitude of the TEF is closely eorrelated to the energy load 

provlded ln the test meal (Segal et al. 1990). Despite this relationship there are signifieant 

dlfferences ln the melhods used to compare the TEF between subJects. In aceordance with 

conclusions of Segal et al (1990), many studies use the same energy load for ail subjects, 

providlng anywhere from 300 keal/1250 kJ to 800 kcal/3340 kJ (den Besten et al. 1988; Welle & 

Campbell, 1983; Sehutz et al 1984b; Felig et al. 1983; Swaminathan et al. 1985; Nair et al. 1983). 

Other studles use variable energy loads that are adjusted relative ta sorne variable of body 

weig!lt, composition or basal energy levels (Schutz et al. 1987; Sharief & MacDonald, 1982; 

Shetty et al 1981, D'Alessio et al. 1988). The results of these studies are difficult to interpret and 

ean be misleadll1g due to the confounding ~l1ccts of vaned meal sizes. Furthermore, as Westrate 

(1989) points out, when the energy content of a test meal IS glven on the basis of kg ideal body 

welght (IBW) or FFM, It IS Impllcltly assumed that the thermie response is eorreiateci to IBW or 

F-FM, and by adJustlng the interindividual differences in theso variables, comparisons of 

thermogenic responses will be more valid. Data ta support this view have not been reported. 

ln tact Westrate (1989) found that no correlation exists between the TEF, body weight and FFM. 
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Very little data IS available regarding the reproduclbillty of the TEF Intralndlvldual 

variability and interindlvldual vanablllty have been reported to be 28% and 36% respectlvoly 

(Westrate, 1989). Recently, Piers. et al (Bntlsh Journal of Nutrition 1992, 67 165-175) roported a 

somewhat lower intraindlvidual varlablilty of 18 7% 

1.3. Techniques for Measuring Energy Stores and Expenditure 

1.3.1. Energy Stores' Body Welght and Body Composition 

Body welght measurement is accu rate to 001 % wlth a simple beam balance (Garrow. 

1978). Body weight is a gross measure of the body's m<lSS, but ItS relatlonshlp to the slze of the 

body's energy stores is not simple, nor are changes ln energy stores necessanly or fully roflected 

in weight changes (Garrow, 1978). Because of the limitations assoclated wlth body wOlght, more 

complex methods are used to de scribe body composition, and changes ln the body's enorgy 

stores as a result of energy imbalances. This field of study 15 especlally relevant to obeslty 

research since accu rate methods for measunng speclflc components of body composition arc 

needed to assess the effects of energy restriction 

The methods currently in use are based on either a two or four compartment modol for 

body composition. The two-compartment model assumes that the total body mass is composed 

of two chemlcally distinct compartments, fat and fat-free mass. whereas the four compartmont 

model divides the body Into four chemical groups, water, protein, ash or bone minerai, and fat 

(Welle et al 1984). Generally speaklllg, the body is made up of the liVing colis and the less 

immediately vital matenals such as Interstltlal fluid, fat and bone (Bray, 1969) Consldenng the 

living body as comprising fat mass and fat-free body mass, two terms, the lean body mass (LBM) 

and the fat-free mass (FFM), are often used synonymously, but are cor,ceptually dlffment (Bray, 

1969). The LBM was initially defllled as the welght of the body totally devold of fat excopt for a 

small amount of essential lipid FFM IS the mass of the body minus the total fat mass 



20 

The FFM is a heterogenous compartment containing both metabolically active and 

inactive components An Important alm of body composition research is to determine the size 

of the metabollcally active tissues of the body. Many studies use LBM or FFM to assess the 

active component to whlch RMI1 is correlated, however a large rroportion is metabolically 

Inactive, and thEl los ses from the active vs. inactive components do not occur at the same rate 

in semistarvatlon The metabollcally active component of the FFM is the oxygen-exchanging, 

potasslum-nch, glucose- and/or free fatty acid-oxidizing, work-performing tissue known as the 

body cell mass (BeM) This Includes ail the cellular cQmponents of the body including muscle, 

viscera. central nervous system and hematopoietlc sy,jtem as weil as cells in cartilage, tendon, 

bone and adipose tissue (Moore, 1980; Bray, 1969). The SCM IS approximately 75% water and 

comprises 50% of the total FFM of a normal adult (Barrows & Snook, 1987; Foster et al. 1990). 

The metabollcally inactive component of the FFM includes the extracellular fluid (ECF), 

extracellular solids (bone and connective tissue), and glycogen (and the water associated with 

it) (Barrows & Snook, 1987; Foster et al. 1990). The ECF is distributed both within (1/4) and 

wlthout (3/4) the circulation, and ln total makes up about 20% of adult body weight. The solid 

structural component makes up about 15% 0: body weight. 

Tlle other compartment of the human body is tlle adipose tissue. It is 80% lipld, 15% 

water, (3% Intracellular fluld and 12% ECF) and about 5% protein (rleymsfield & Lichtman, 1992). 

Slnce FFM 15 defined by subtracting body fat tram total mass, the water of adipose tissue is 

included ln the FFM Consequently, lasses of adipose tissue are associated with an obligatory 

loss of metabolically Inactive FFM. 

Obeslty evidently alters body composition by increasing total adipose tissue; hONever, 

FFM also i!1creases (Heymsfield & Lichtman, 1992). This increased FFM is due bath to the FFM 

component of adipose tissue, and hypertrophy of skeletal muscle and visceral argans (Forbes, 
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1987). In addition to body composition, fat distnbutlon is éllso altered ln obesity Obeslty can 

be upper-body or abdominal, or It can be lower body or gluteofemoral (the former bClng cornmon 

among males and the latter being common among females) (Garrow, 1988) Fat dlstnbutloP is 

cla&sified using :he l~t!O of body clrcumferences measured at tl1e walst and hlP, the waist hip 

ratio. A ratio greater than 0.8 indicates upper-body obeslty and a ratio lower than 08, Indicates 

lower-body obesity. Interest in the waist:hl~ ratio has arisen because of tl10 results of population 

studies suggesting that upper-body obesity IS associated with more metabollc complications than 

lower-body obesity (Bjërntorp, 1992). 

1 .3.2 .. Energy Expenditure 

1.3.2.1. Direct Calorimetry 

The direct method for measuring metabolic rate involves the measuremont of heallossos. 

Direct calorimetry measures the sum of radiant heat exchange and of convectlve-, conductlve­

and evaporative heat transfer. The total heat loss is equal to the rate of energy utlillation when 

body temperature is constant (Westrate, 1989). Direct calorimetry has the advantage of belng 

basad solely on conservation of t:.l1ergy and not on any assumptlons about the physlology of 

energy metabolism, but it requires expensive instrumentation. Furtr.ermoro, direct calorunetry 

cannot be used to measure short-term effect~ of thermogcnlc stimuli, such as food, on heat 

exch'jnge due to the large heat storage capacity of the body (Brown & Brengelmann, 1965). As 

a result, direct calorimetry is infrequently used. 

1.3.2.2. Indirect C210rimetry 

Indirect calorimetry is the method by whlch metabollc rate IS estimated frùm 

measurements of oxygen consumption and carbon dioxide production and through a series of 
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assumptions and equations (Ferrannini, 1988; McClave & Snider, 1992). The measurement is 

based on the assumptlon that ail the 02 consumed (V02) is used to oxidize degradable fuels and 

ail the CO2 produced (VC02) IS recovered (Burszsteln et al. 1989). Calculatmg energy production 

in thls situation IS equlvalent to convertlng the chemical free energy of nutrients into the chemical 

energy of ATP plus loss of sorne energy (as heat) dunng the oxidation proces~, plus the ultimate 

conversion of the cllemlcal energy to heat lost to the environ ment, (plus any external work 

performed on the environment) 50 direct and indirect calorimetry should and do, provide identical 

rates of energy expenditure under steady state conditions (Simonson & DeFronzo, 1990). 

The abbrevlated Weir equation IS frequently used to determine energy expenditure from 

VO~ and VC02 [e1ergy expenditure = (3.94 x V02) + (1.11 x VC02)] (McClave & Snider, 1992). 

The accuracy of respiratory gas exchange has been reported to be accu rate to within 2% (Webb, 

1992). Indirect calorimetry is therefore ideal as a method for assessing acute effects of 

thermogenlc stimuli on metabolic rate and for the clinical measurement of RMR. 

2. EFFECT OF SEMISTARVATION ON ENERGY BALANCE AND ENERGY EXPENDITURE 

2,1. Adaptation and Semistarvation 

The concept of adaptation implies the maintenance of an acceptable state through 

adaptlve processes (Waterlow, 1986). There are three types of adaptation important for nutrition: 

biologlcal/genetlc; physiologlcal/metabolic; and behavioral/social (Waterlow, 1986). We are 

concerned with adaptation of the second kind. Any discussion of any adaj:tive process must 

begln by defining "adaptation of what in rAsponse to what?" ln this case, the discussion will 

defme the adaptation of energy expenditure and body composition to semistarvation. 

Semistarvation Il'I;:ly be defined as the condition resulting from a prolonged negative 

energy balanc.:', ln which food energy intake is consistently less th an total energy expenditure 
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(Hotter, 1993) ln the presence of negative energy balance, endogenous energy stores are 

oxidized to make IJp the energy deficit. This results in welght 1055 Selllistarvation evokes the 

adaptive processes that minimize the effects of negative energy balance (Shetty, 1990) 

2.2. Composition of Weight Loss During Semistarvation 

Intracellular protein and glycogen exist in a 25-33% aqueous solution (Van Itallie & Yang, 

1977). Normal welght subjects on ~m energy deflcient o,et lose welght rapldly dunng the first 

several days and much of this initiai 1055 is due to depletion of body glycogon aneJ oxtlacollular 

and intracellular water (Van Itallie & Yang, 1977). In addition, 15-17 9 of wator 15 lost for ovory 

83-85 9 of pure fat 1055 (Garrow, 1978; Goodman & dei Pilar Gomez, 1987) Wator loss (both 

intra- and extracellular) accounts for most of the early weight 1055 in obese subjects consuming 

energy deficient diets (James et al. 1990). 

ln the classic Minnesota Experiment, Keys et al (1950) studied the long-term effects of 

semistarvation on body composition. Thirty-two young men followed a 1570 kcal (6563 Kj) diet 

(vs. a maintenance diet of 3468 kcal (14496 kJ) for 24 weeks. At the end of the flrst 12 weeks, 

water, fat and protein represented 48%, 40% and 12% respectlvely of the welght lost. Sy the end 

of the study, mean total weight loss was 15.9 kg, water and protein accounted for 37% and 9% 

of the lost mass while fat represented 54%. From these results il was observed that the mass 

lost corresponded to a mixture of different types of tissues and stored matenals whlch were 

released in proportions differing accordlng to the duration, intensity and other charactenstlcs of 

the energy restriction including the nutrient composition of the diet (Keys et al 1950) ln other 

words, the composition and quantity of weight loss changed with respect to how long the 

volunteers were on the semistarvation dlet and what the energy balance was between the energy 

consumed and energy expended. 
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Semistarvation challenges the body to reduce energy expenditure as a life saving 

adaptation This IS accomplished by reducing Its lean tissue stores and hence RMR enough ta 

reestablish energy balance, but not to such a severe extent ~hat the adverse metabolic 

consequences of protem detlclency become Intolerable. Two processes reestablish protein 

homeostasls dunng semistarvation. First, the body increases its efficiency of protein recycling 

and thls reduces the rate of body protein loss. Secondly, as time progresses, the rate of lean 

tissue loss decroases in part due to the decreasing amount of lean tissue left ta be lost. At the 

same time, the eHiciency of retention of dietary protein increases, partly perhaps due to changes 

in le an tissue mass and to adaptive cellular metabolic changes. As semistarvation proceeds, the 

lean tissue mass decreases, automatically decreasing endogenous protein loss, while increasing 

the efficiency ()f dletary protein retention, until a new equilibrium is established in whicil the 

decreased endogenous protem loss is matched by the increased retention of dietary protein, and 

nct body proteln loss ceases (HOlfer, 1993). 

2.3. Decreased Energy Expenditur~ 

Since the begmning of the 20th century, studies have demonstrated a decrease in the 

AMA as an effect of experimentally induced or therapeutic semistarvation (Shetty, 1990). It has 

been classically taught that the reduced RMR of semistarvation occurs as a result of changes in 

body composition and metabolic adaptation (Grande et al. 1958). This new level of energy 

balance is believed to occur in different phases (Garrow & Webster, Î 989: Grande et al. 1958). 

Acute restr Ictlon of energy intake results in an immediate small fall in RMR within a few days 

dunng whlch time little tissue loss has occurred. After several weeks of energy restriction, 

metabolically active tissue IS lost, but this loss does not fully account for the decreased RMR. 
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ln long term starvation, depletion of the body cell mass accounts for most of tht:! reduction in 

RMR. 

After 24 w~eks of semistarvatron, the Minnesota volunteers had decreased ttWIf RMR by 

40%. The average decrease per unit of body cell mass (SCM), (estimated flom rncasurell1ents 

of body density and extracellular space) was 15.5% Thrs Implles Hlat the clOCI case ln RMA was 

not fully accounted for by the loss of active body tissue and that tho Illotabollc ratc Dt the 

remaining active tissue mass had to have decreased ln short-terrn studles (3 wooks) of 

selllistarvation in non-obese subjects, Grande et al (1958) reported a 21 4% decrease in RMR 

and a 16.3% decrease in RMR/SCM 

Table 1 summarizes the results of studies reporting on the effocts of sOllllstarvatlon on 

RMR in obese subjects. Energy deficient diets rnay be classltled as low cnergy (= 800 - 1200 

kcal/3400 = 5016 kJ) or very low energy « 800 kcal/ 3400 kJ). Tho low energy diets are the 

typical balanced deficit diets prescribt:!d to most obese outpatients, while the VLCO's are hlgh­

protein, liquid formulas given to patients who are closely supervised and monltored. 

ln 1969, Bray (1969) studied the effects of 24 days of a 450 kcal/ 1800 kJ diet on tho RMR 

of 14 obese patients. Patients lost an average of 10 3 kg and RMR decreased 15% between the 

beginning and end of the study. It should be noted that these patients wero ln a 1000 kcal! 4180 

kJ positive energy balance for 7 days prior to the st art of the welght loss dlet and thls may have 

had a quantitative effect on the subsequent fall in AMR. Sessard et al (1983) placed 6 obese 

women on an 11 week protein-supplemented modified fast (PSMF) (exact energy content was 

not stated). After a 12.1 kg weight loss, RMR fell 14 5% when expressed in absolute terms, and 

9.6% when expressed per kg FFM. Welle et al. (1984) reported a 94% decrease ln AMA ln SIX 

obese women who followed a 400 kcal/ 1672 kJ dlet for 40 days. The fall ln the AMA ir. this 

study ma)' be somewhat underestimated since the subjects lost weight dunng the baseline 
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portion of the diet, Implylng that some degree of adaptation may have taken place. Ravussin and 

coworkers (1985) measured RMR before and after a 10-16 week welght loss diet (~830-1120 

kcal/3500-4700 kJ) in 7 obese subjects. Ove rail RMR decreased 9.0%, but when expressed in 

terms of FFM, it did not change. In two other studies, investigators (Finer et al. 1986; Barrows 

& Snaok, 1987) reported 25% and 21 % lalls in RMR respectively. Barrows and Snook (1987) 

also reported a slgniflcant decrease in the RMR:FFM ratio. Hill et al. (Hill et al. 1987) also found 

a 19.1 and 173% reduction in RMR and a 15.3% and 11.6% reduction in the RMR:FFM in both 

exercising and sedentary obese subjects respectively following five weeks of dieting. den Beston 

et al (1988) ln perhaps the most valid of the studies showing no change in the RMR:FFM. 

reported a minimal decrease in the RMR and no change in the RMR:FFM despite significant 

weight loss over an elght week penod. Oavies et al (1989) compared the metabolic effects of 

an eight week energy restrictions wlth 33(. kcal/1379 kJ or 780 kcal/3260 kJ per day in two 

groups of obese inpatients. RMR decreased significantly by 17% in both groups, but RMR:FFM 

was unchanged. In a four month study by Elliot et al. (1989), RMR decreased 22%. RMR:FFM 

also decreased significantly by approximately 13%. Garrow and Webster (1989) studied 103 

obesa women consuming a 800 kcal/3400 kJ diet for three weeks. Mean weight loss was 4.9 

kg and RMR fell 8.8%. The adaptive decline in RMR was clearly demonstrated with almost 70% 

of the total decline in RMR occurnng after the first week, when only 1.9 kg of weight was lost. 

ln two other studies, investigators (Hendler & Bonde, 1988; Fricker et al. 1991) placed obese 

inpatients on very low energy dlets for three weeks. Mean weight losses were 8.8 kg (Hendler 

& Bonde, 1988) and 9.2 kg (Fncker et al. 1991) and the reductions in RMR were 15.3% (Hendler 

& Bonde, 1988) and 20.0% (Fricker et al. 1991) giving RMR:FFM decreases of 12.5% and 18.0% 

respectively Finally, in the most recent of these studies, Nelson et al (1992) put 24 obese 
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women on a 800 kcal!3400 kJ for 3 months and 20 days, Mean weight loss wa.$ 12,6 kg, RMR 

declined significantly by 15,3% and RMR:FFM fell by 79% 

Combined, the data trom the studles presented ln Table 1 reveal or dernonstrate several 

interesting pOints aside trom the tact that RMR conslstently talls 10-20% dunng the tlrsl tew 

weeks of energy deticiency Flrst, desplte slmllar energy Intakes, study dur allons, and sublect 

profiles, the changes observed ln the RMRs were very dlHerent This Illustrales U1C reportod hlgh 

degree of interindivldual vanabillty in RMR under condition of negatlve energy balance and wOlght 

loss Secondly, the longer the energy restriction, the srnaller IS tlll~ fall Ifl 1110 RMR FFM This 

supports the elassical teaehlllgs that the reductlon ln RMR dunng energy restrlcllon occurs ln 

phases, with the Initial fall reflectlllg an Inerease ln met abolie efflclency and furthor dccroases ln 

RMR beeoming more and more refleetlve of the loss of FFM until ultllllately RMR FFM IS not 

difterent before and after weight loss Wadden and cowcrkers (Fosler et al 1990) elegantly 

demonstrated these phases in their study on the long term effects of low and very low energy 

diets on RMR. The Investigators measured RMR and body composition over a 48 weok penod 

They eompared the effects on RMR of dlets wlth elther low (1200 kcal!5021 kJ) or very low 

energy (420 keal!1757 kJ), RMR FFM decllned by 132±3,5% ln the low energy dlel and 

14.2±6.7% in the VLCD from basellne to week 17 of a 48 week study wlth the rate of the 

reductions bemg greatest in the flrst flve weeks of the study Wlth refeedlng, the ratios increasod 

and ultimately normallzed by week 48 

It is apparent that several authors have questioned the concept of metabollc adaptation 

by reportlllg no change in AMR FFM after short term semistarvatlon in obese sublects (Aavussln 

et al. 1985, den Sesten et al 1988; Davles et al 1989) Bath Ravusslll et al (1985) who reported 

no change ln RMR'FFM and Bessard et al (1983) who dld, estlmated fat mass by measunng 

skinfold thickness The dlscrepancy between thelr results may ln part be explalned by the 
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drawbacks assoclated wlth thls method, partlcularly the difficulty in obtaining interpretable 

measurements in obesity using the C3l1iper method (Fricker et al 1991). Davies et al (1989) also 

reported no change ln RMR FFM des pite signlflcant reductlons m welght and RMR. However 

during the flrst two weeks of energy restriction, RMR fell by 8% and 11 % in the 1379 kJ and 3260 

kJ groups respectlvely During the same penod total body potassium and therefore FFM did not 

change ln 81ther group (1379 kJ. 31 ±O 5 VS 3.0±0 4 and 3260 kJ: 3.1 ±0.4 vs 3.1 ±O.4, where 

FFM was assumed ta have a potassium content of 60 mmol K+/kg). Despite the ultimate 

changes III RMR and FFM, the authors falled to recognlze the obvlous Increase in metabolic 

efflclency par kllogram of metabolizing tissue dunng the initiai phase of the reduction in RMR. 

Furthermore, the author's use of the total body potassium (TBK) to estimate FFM is questionable 

since TBK loss has been shown to overestimate the loss of SeM in semistarvation in part, 

because of potassium loss associated with the glycogen-water pool (Welle et al. 19C4). In fact, 

the N balance results in the study of Davies et al indicate that minimal body N losses occurred 

during welght reductlon. It IS therefore unlikely that the decrease of body potass"Jm in their 

energy restricted obese subjects was due to a loss of the active tissue mass. It appears, 

therefore, that their conclusion that the RMR.FFM is unchanged in semistarvation is unjustified. 

Finally, a problem with most of the studies listed in Table 1 is the failure of the authors 

t~ defme FFM and account ln particular for the metabolically inactive components of the FFM 

when calculatlng the RMR:FFM This may reflect a general imprecision in the literature; Garrow. 

for example, deflnes the LBM as the sum of ail tissues of the body mif'l~~ lÎu:: ~jipose tissue 

(Garrow, 1978). 

ln sorne of the studles discussed thus far, changes in RMR ha\'e been evaluated with 

respect to a loss of total FFM. These studies have not compartmentalized the loss of the lean 

tissues in terms of what proportion was derived from muscle mass, organ mass or the low energy 



29 

metabolizing extracellular tissue ln early semistarvatlon RMR decreases to a greater extent tllan 

could be accounted for by the loss of total FFM Sinee, in early semlstarvatlon, ttlc greatest loss 

of body proteln IS from the skeletal muscles whlch have the lowest metabollc actlvlty of the cells 

of the BCM (Cohn et al 1981), the latter explanation IS unlikely. FUIH10Imore, ln tt10 oaillest 

stages of semlstarvation, the greatest source of loss from the FFM IS from ECF, glycogon-water 

and adipose tissue water. Therefore, if we accept the conclusions of the authors showlng no 

metabolic adaptation in the metabolically active part of the FFM, RMR per unrt FFM should 

increase in early semistarvation. The failure to observe su ch an Increase is oVldence t~lat 

adaptation truly occurs. 

Cleany, there is overwhelming evidence for metabollc adaptation in response to 

semistarvation. These adaptations are seen in the torm of welght loss, changes ln body 

composition, reductions in RMR and increased metabolic efflciency of the active tissue mass 

2.4. Mechanisms Governing Adaptation of Changes in Energy Expenditure Durlng 

Semistarvation 

Changes in sympathetic nervous system (SNS) activity alld catecholamines, ln thyrold 

hormone metabolism and in insulin play key roles ln the adaptlve response to somlstarvatron 

(Shetty, 1990). These changes are not only needed for the use of endogenous fuels during 

periods of negative energy balance, but are responsible for Increased metabolic efflclency of the 

active cell mass (Shetty, 1990). 

2.4.1. SNS and Catecholamines 

There is evidence that norepinephrine (NE) released from sympathetlc neurons and 

epinephrine and NE released from the adrenal medulla can Influence metabolrc processes (Lelter 

et al. 1984). In humans about 15% of the total energy expendlture has been estlmated to be 
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sympathetlcally medlated (Landsberg & Young, 1983) Catecholamines have two effects to 

Increase energy expendlture (a) by Increaslng the rate of cellular metabolism (Himms Hagen, 

1976) and (b) by stlmulatlng the conversion of stored fuels tnto usable energy (Young & 

Landsberg, 1977b) The Increase in cellular metabollsm IS shown through an elevatoon ln heat 

production, fuel utlillation and 02 consumptlon. Because of the stlmulatory effects of 

catecholamines, It IS thought that decreases ln SNS actlvlty partlally explatns the fall in RMR 

observed dunng semlstarvation. 

When consldenng catecholamines and the regulatlon of energy metabolism, the SNS must 

be dlstmguished Irom the adrûnal medulla Increased levels of eplnephnne in unne or plasma 

IS good oVldonce of adrenal medullary stimulation, howeller, when the adrenal medulla is 

stlmulated, cl1anges III plasma or unnary noreplnephnne cannot be assumed to origlnate trom 

sympathotlc nerves, since the adrenal medulla may contnbute significantly to the circulating pool 

of noreptnophnne (Landsberg & Young, 1983). SNS activity can be accurately assessed by 

measurement of NI': turnover tn indlvidual sympathetlcally InneNated tissue and is a technique 

not blased by slmultanoaus changes in adrenal medullary actlvlty (Young & Landsberg, 1981; 

Landsberg & Young, 1983) This tochnlque is commonly used ln animai studies, while studies 

Involvlng humans, assoss SNS actlvlty by plasma and unne levels and ta a lesser 6xtent, tracer 

techlllq'JCs Measunng SNS actlvlty through plasma or urine concentrations remains 

controverslal It IS known that the majonty of circulating NE anses from stimulation of the SNS. 

T~e fraction 01 neurotransm!tter measurable ln the blood (the "spillover concentration") however, 

IS qUlte srnall and depends on many complex processes including synthesis, release re:-uptake, 

rnetabollsm and clearance (Fernandez et al 1988) An alternative to measuring NE in plasma 

15 to deterrmne Its rate of excretlon ln unne Animai studles (Kopp et al. 1983) suggest that there 

15 a reasonably good relatlonshlp between artenal NE concentration and the rate of urinary NE 
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exe,-etion, however, it is not clear to what extent this applies in man. Furtllermore, it IS not clear 

how changes in catecholamine metabolism may change Ole proportions of free NE, conJugated 

NE and the methylated or deamlnated metabolites excreted, thus weakellÎllg tho rolatlonstllp 

between SNS activity and unnary NE excretlon (MacDonald, 1992) Tllere are hmitod data 

reporting on the valldlty of uSlng urinary catecholamines as a rnoasure of a SNS actlvlty One 

study reported intraindividual correlations between plasma and urrne measuromonls of 07 

(p<O.001) for epinephrine and NE 111 expenmentally stress-stlmulated catecholamine lovols ln 

young men (Akerstedt et al 1983). Many researchers, howover, roly on urrnary catecholamlnos 

to demonstrate the effects nutlltlonal factors have on SNS actlvlty (Romolf et al 1979, Kopp et 

al. 1983, McCargar et al 1988; Troisi el al. 1991, Pasquali 01 al 1992) Il IS ossenllal 10 

understand the limitations of the methods used to assess SNS actlvlly when makrng conclusions 

about its involvement ln metabollc adaptation to energy restnctlon 

Landsberg and Young (1983) established a Irnk between energy Intake and SNS actlvity 

in a series of rat experiments. USlng measurements of NE turnover to estliTlato sympalhollc 

activity, they demonstrated a reductlon 111 SNS activity during fastlng wlth a conlrollecJ sodIum 

intake (Young & Landsberg, 1977a) a.ld stimulation durlng sucrose ovorfeedrng Wlttl controllod 

sodium intake (Young & Landsberg, 1977c). To avoid the confoundlng offocts of sodium 

depletion on SNS actlvlty, sodium rntake IS controlled ln studiOS assesslng tho offects of alterod 

nutritional status on catecholamines. The SNS IS one of the prrnclpal pathways Involl/ed ln the 

maintenance of bloOd pressure A reduction ln body sod'.;m caused by an Inadequate Inlake 

will cause blood volume depletlon leadlng to activation of the SNS to malntaln blood pressure 

(MacDonald, 1992). This concept of a reduced catecholaminergic drive dunng cnergy restrrctlon 

has also been demonstrated ln human subJects Leltor et al (1984) revlcwed studles ln whlch 

sodium intake was not controlled dunng energy restriction and found very dlfferent results. wlth 
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fastlng having a stimuiatory effect on indexes of adrenergic activity (Romoff at al. 1979). In thair 

studies on the effects of fasting and very low energy dlets on sympathetic activity, they observed 

that both sodium and nutnent Intakes Interact to determlne net catecholamine responses, with 

the former havlng a greater Impact th an the latter. Shetty et al (1979) reported reductions in 

circulatlng levels of NE and in an earlier report Kolanowski et al (1975) reported a decrease in 

daily urinary excretion of NE. More recently Bessard et al (1983) have shown a decrease in 

urinary NE along with a decrease in RMR:FFM during semistarvation in obese subjects. As in 

animais, these responses h.lve been shown to relate to the carbohydrate content of the diet 

(Welle et al 1981; DeHaven et al. 1980). In experimental animais and man, glucose and sucrose 

stimulate the SNS. In the rat, free access to dilute solutions of sucrose increases NE turnover 

ln heart, liver, pancreas and kidney tissues within one day of administration (Young & Landsberg, 

1977c). In human studies, a standard glucose tolerance test increases plasma NE levels in 

association wlth increased pulse rate, pu!;)e pressure and systolic blood pressure (Welle et al. 

1981) The carbohydrate content of the diet affects SNS aetivity during energy restriction as weil. 

Obese sUbJeets following a low carbohydrate diet (1370 kcal, 24% carbohydrate) experienced a 

signifieant deerease in plasma and urinary NE, while subjects following a high carbohydrate diet 

(1400 kcal, 59% carbohydrata) had no change in plasma or urine levels (Fagerberg et al. 1984). 

With respect to the adrenal medulla, energy restriction of humans has a stimulatory effect 

causing an increasa in urinary epinephrine excretion (Young et al. 1984; Young & Landsberg, 

1981). This increase however, has no thermogenic effect, since levels needad to stimulata RMR 

are considerably higher (Shetty, 1990). Young at al (Young et al. 1984; Young & Landsberg, 

1981) have identlfied specifie conditions under which there is a dissociation of sympathetic 

activity from adrenal medulla secretion. These investigators demonstrated that a brief period of 
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fasting is associated with sympathetic suppression and adrenal medullary stimulation in normal 

humans. 

Taken together, these results demonstrate that while catecholamines can have a raie in 

metabolic adaptation ta semistarvation, they do not prove that the changes found are causal with 

respect to the known changes in metabolic rate (Lelter et al. 1984). 

The TEF was also shown to be an important component of the adaptive response to over 

and underfeeding in sm ail animal studies (Rothwell & Stock, 1981), where It varies proportionately 

with food intake to minimize weight change. On this basis, the TEF was suggested to be a 

component ot the adaptive response ta underfeeding in man as weil (James & Trayhurn, 1981). 

As was previously discussed, much of the facultative component of the thermie effect of 

food is thought to be related to the SNS response to glucose. Several investigators have studied 

the TEF in obese and lean individuals, before and after weight loss, wlth the aim of estabhshing 

whether altered thermogenesis mediated by the SNS IS a cause or an effect of the obese state 

Sorne (Nelson et al. 1992; den Besten et al. 1988; Astrup et al. 1990a; Bessard et al. 1983, 

Hendler & Bonde, 1988) have concluded that the TEF does not change after weight loss, 

whereas others have concluded that it decreases (Schutz et al. 1984b; Apfelbaum et al 1971), 

another has reported that the TEF actually increases following weight loss (den Besten ot al. 

1988). Astrup et al (Astrup et al. 1990a) found that severely obese patients (vs lean con trois) 

showed an impaired TEF and a blunted increase in plasma NE concentrations in response to oral 

glucose. After weight loss, despite normalized plasma glucose and lipld profiles, the increase 

in plasma NE and the thermie response to glucose were stililower than that of the lean controls. 

Schutz et al (Schutz et al. 1984b) also found that weight loss in obese subjects was associated 

with a blunted thermogenic response to a glucose load. However in both these studies, the 

reduced obese were still obese and had insulin resistance compared to the control group. It has 
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al 50 been founJ that acute n -blockade reduced 24 hour energy expenditure (including both RMR 

and TEF) in the reduced obese but nad no effect on lean controls (Buemann et al. 1992). Thesa 

flndings were taken to suggest that SNS activity is enhanced in the obese. The TEF was lower 

ln the reduced obese compared to the controls, despite empirical evidence of enhanced SNS 

activity. These findings together with the inconsistent conclusions in the literature suggest that 

factors in addition to SNS activity are involved in mediating the thermic response to food in the 

obese. 

2.4.2. Thyroid Hormones 

Thyroid hormones play an important role in the regulation of the resting metabolic rate 

(Danforth, 1983). They are also important components of the metabolic adaptations associated 

with energy restriction (Shetty, 1990). Energy restriction does not affect circulating levels of 

thyroxine (T4) since there is no evidence of a change in production rates of T4 (Shetty, 1990). 

However, the peripheral conversion of T 4 to the active hormone triiodothyronine {T sl decreases 

rapidly (30-40% below normal within 3-4 days), while reverse T3, which is devoid of activily, 

Increases due to a decrease in its metabolic clearance (Shetty et al. 1979). Gelfand and Hendler 

(1989) summarized several representative studies showing the magnitude in the fall of T 3 over 

time in subjects consuming very iow calorie diets. From these studies it was also observed that 

the level of carbohydrate intake has the predominant effect on T 3. rather than the total energy 

intake. However, both energy and the specific amount of carbohydrates consumed affected the 

conversion of T 4 to T 3' possibly through their effect on insu lin secretion (Azizi, 1978; Danforth & 

Burger, 1989). The concept ofT3 playing a key role in the adaptive fall in metabolic rate remains 

controversial. Those supporting the concept emphasize the correspondence between the 

magnitude of the fall in T 3 and changes in metabolic rate (Phinney et al. 1988); whereas others 
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report no correlation between changes in T 3 lovels and metabolic rate (Barrows & Snook, 1987). 

Galfand et al. (1987) showed in obese dieters receiving about 800 kcal/3400 kJ par day, that the 

fall in both T 3 and RMR are significantly blunted if carbohydrate makes up 80-100% of the energy 

as compared to a regimen containing no carbohydrate. 

ln addition to the role T 3 is thought to have ln metabolic adaptation, it has also been 

postulated to play an important role in body protein conservation and in the fall in protein 

turnover that oc·-::urs during semistarvation (Gelfand & Hendler, 1989), glven the known effects 

of thyroid hormone to stimulate whole body and muscle protein breakdown (Gelfand et al. 1987). 

As with the SNS and catecholamines, the precise impact of the fall in T 3 with energy 

restriction is not fully understood, nor is T 3 the only modulating factor (Gelfand & Hendler, 1989). 

ln fact, thyroid and catecholamines interact at the periph(jry (Shetty, 1990). For example, 

epinephrine is known to enhance the peripheral conversion of T 4 to T 3; thyroid hormone 

deficiency is associated with an enhanced SNS activity (NE turnover and plasma appearance 

rates increase); and T3 increases the number of tissue t~::: receptors (Shetty, 1990). These 

interactions may influence their mutual roles in regulating thermogenesi~. 

2.4.3. Insulin 

Insu lin is another pre-eminent hormone that ~egulates energy balance. In the fed state, 

insu lin regulates the disposition of absorbed nutrients and in the postabsorptive state, wlth 

decreases in blood glucose levels, reductions in circulating insulin levels allows for the 

mobilization of endogenous fuels (Hoffer, 1993). 

The thermogenic roles of insu lin are demonstrated through its stimulatory effect on Na + -

K+ pumping across the cell membrane (which alone is estirnated to account for a:Jout 20% of 

the RMR) (Durnin, 1967), and through its stimulatory effects on SNS (Acheson et al. 1984). 
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Insu lin is said to mediate cellular thermogenesis by two mechanisms, the former obligatory by 

Increasing glucose uptake, and the latter facultative by increasing catecholamine activity (Shetty, 

1990). 

Fasting is associated with a signifieant lowering of circulating insulin levels. This decrease 

is the pnmary signal for amino aCld mObllization, gluconeogenesis, lipolysis and ketogenesis, ail 

of which are aimed at the mobilization of endogenous fuels as substrates to prevent the 

development of hypoglycemia (Si1etty, 1990). These changes may also be involved in the 

reduction in RMR du ring semistarvation. 

ln assessing the mechanisms which operate to decrease RMR in humans with 

semistarvation, the importance of the reduction in the activities of SNS and catecholamines, 

thyroid hormones and insulin cannot be overlooked. How they are each specifically involved in 

metabolic adaptation clearly rem~i~~ an area for further study. 

3. NUTRITIONAL AND PHARMACOLOGICAL INFLUENCES ON ENERGY EXPENDITURE 

The ideal therapy for obesity would maximize fat loss and at the same time maintain 

protein stores appropriate to the changing size of the person. However, since obesity is a 

condition characterized by both an increase in fût mass and lean tissue mass (Heymsfield & 

Lichtman, 1992), weight loss induced by an energy deficit must be composed of both fat and 

protein (Garrow & Stalley, 1977; Elliot et al. 1989; Barrows & Snook, 1987; Hendler & Bonde, 

1988; Fncker et al. 1991). ThiS loss of body protein as weil as the reduction in the RMR are part 

of a successful adaptation to semi-starvation (Hoffer, 1993). One goal of weight reduction 

therapy is to manipulate these normal responses with Lhe aim of maximizing fat loss. Two 

approaches can be envisioned to prevent or modify adaptation. The first is to minimize body 

protein los ses and the second approach involves the modification of the changes occurring in 
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SNS activity and thyroid hormone metabolism. Both modifications should rasult in smaller 

reductions in RMR which in turn allows for energy balance to remain negatlve longer and fat loss 

to be maximized. The following sections summarize some of these approaches. 

3.1. Agents That Influence Fat Free Mass 

3.1 .1. Exercise 

Exercise increases energy expenditure. It can also increase lean tissue mass and hence 

the RMR, but only when the exercise is geared toward strength training and is combined with an 

increased energy intake (Smith, 1976). 

Exercise is considered a useful component of obesity treatment. However, the speclfic 

benefits on energy expenditure and body composition, of combining a weight loss diet wlth 

exercise remains uncertain (Heymsfield et al. 1989). Total weight 1055, fat and fat free mass loss 

and change in RMR are among the key variables studied when comparing the effects of dlet 

alone to diet and exercise. Some researchers have reported that diet and exercise produces 

greater weight loss (Hagen, 1986; Pavlou et '!1. 1989), greater loss of boay fat and preservation 

of FFM (Hill et al. 1987; Ballor et al. 1988), and a sm aller drop in RMR (Lennon et al. 1985; Mole 

et al. 1989) as compared to diet alone. Other researchers however, have not found such effects 

with exercise (Heymsfield et al. 1989; Goranzon & Forsum, 1985; Sweeney et al. 1993) Exercise 

has not been proven as a means to limit lean tissue loss during weight loss programs for the 

obese. The other benefits of fitness training, including increased aerobic capaclty, decreased 

blood pressure and decreased insu lin levels (fasting and after a glucose load) are clearly 

significant Pl10ugh to continue recommending exercise as an important component of obesity 

therapy (Bjorntorp, 1992). 
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3.1 .2. Growth Hormone 

Administration of growth hormone (GH) to experimenta! animais or humans can result in 

Increased mobilization of tree fatty acids from adipose tissue, protein accretion and tissue growth 

(Snyder et al. 1989). The protein sparing actions of GH are thought to be mediated through 

insulin-hkp. growth factor-I (IGf-l) which is stimulated by GH (Snyder et al. 1989). There is 

considerable variation in the results of studies assesslng the impact of energy restriction on GH. 

Sorne show no Increase in GH while others show marked increase during fasting (Shetty, 1990). 

The first study on the metabolic response to GH during fasting in obese subjects reported that 

fastlng caused GH resistance, obliterating the ability of GH to improve negative nitrogen balance 

(Felig et al. 1971). Danforth (1993) recently reported transiently increased circulating GH 

concentrations during energy restriction, an effect that is suppressed by the level of carbohydrate 

in the diet, and stimulated by protein. The increase in GH during energy restriction could have 

a role in sparing the active tissue mass. This idea stems from the finding that short-term GH 

administration conserved FFM during energy restriction in obese subjects (Clemmons et al. 

1987). Similar results were reported by Snyder et al. (1989) who also noted that an intake of 

between 12-18 kcal(50-75 kJ)/kg, with > 70% of energy as carbohydrate is required for optimal 

nitrogen-spanng responses to GH. The investigators found that fat loss was significantly greater 

in the GH-treated group vs placebo, although there were no differences in total weight loss. RMR 

was not measured in this study. However, similar doses of GH have been shown to increase 

basal O2 consumption in obese subjects (Bray, 1969). 

3.1.3. Very Low Calorie/Energy Diets (VLCDl 

ln 1979 an expert panel under the auspices of the Lite Sciences Research Office of the 

Federation of American Societies for Experimental Siology detined "very low calorie diets" as diats 
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containing less than 800 kcal per day (Lite Sciences Research Office, 1979). The current 

widespread use of these diets stems from the renewed interest, in the 1950'5, of total fasting as 

an alternative treatment for obesity (Gelfand & Hendler, 1989). Untortunately, total fastlng 

provoked protein malnutrition, which was considered the common cause of fastlng related death 

(Gelfand & Hendler, 1989). In the late 1960'5, Salinger et al (1966) and Apfelbaum et al. (1967) 

noted that body protein stores could be significantly spared by supplernentlng a total fast with 

modest amounts of high quality protein. Today's VLCDs typically consist of fewer th an 800 

kcal/day and contain complete protein of hlgh biologieal value, varylng low amounts of 

carbohydrate, and vitamins, minerais and electrolytes (Atkinson, 1990). Galfand and Hendler 

(1989) conducted an extensive review of over 100 research papers ln order to examine the 

impact of different nutrients on body protein eeonomy and energy balance dunng severe energy 

restrictior.. N balance was shown to demonstrate a time-dependent pattern whereby daily 

excretion of N declines over a 2-3 week adaptation period before reaching a stable plateau. 

Another major conclusion from this review is that wh en VLCDs of varying corn position are 

compared, the protein intake appears to be the most important determinant of N balance. For 

example, Hotter et al (1984) compared a diet containing 1.5 9 protein/kg IBW wlth one contalnlng 

0.8 g/kg IBW and 0.7 9 carbohydrate/kg IBW. A total energy intake of 550 keal was the sarne 

in both diets. By day 14, ail the subjects on the high protein IIltake achleved N eqUilibrium; 

subjects on the lov.ter protein diet were not in N equilibrium and were still in negative balance at 

the end of the 8 week study. In general, when proteln IIltake was between 3010609, daily N 

loss of 2! 1 g/day persisted after three weeks on the diet. Increasing proteln to above 60-70 9 

resulted in almost consistent achievement of N balance by the third week of dietlllg (sorne 

subjects never attain zero N balance). Ali of the studies provided energy intakes of 200-720 kcal. 
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These findings support the current guidelines which emphasize the importance of providing 

generous quantlties (~70 g/day) of high quality proteln in VLCDs (Gelfand & Hendler, 1989). 

As was dlscussed prevlously, metabollc adaptation is a proven response ta VLCDs which 

for the sake of this discussion can be consldered synonymous with semi-starvation. Unlike the 

response ta a total fast, the fall in AMR following initiation of a VLCD is not as severe and it 

seems reasonable to attribute this to its ability to spare lean tissues. The metabolic changes 

described earlier, including decreased insu lin sûcretion, decreased levels of T3 (when sodium is 

provided), and reduced SNS activity, occurred in response to both a severe energy restriction 

and a limited intake of carbohydrates, typical characteristics of VLCDs. Despite these 

adaptations, VLCDs continue to be used in selected patients because of their ability to produce 

rapid an.:J safe weight loss (Atkinson, 1 :390). 

3.2. Agents That Influence Thyroid Hormone Metabolism and the Nervous System 

3.2.1. Thyroid Hormones 

Aesults suggesting that the fall in AMR during energy restriction may be related to the 

concomitant fall in plasma levels of thyroid hormones prompted researchers to evaluate the 

effectiveness of exogenous T 3 administration in fasting or dieting subjects. The results indicated 

that T 3 administration prevented both the fall in its plasma levels and the decline in AMR (Welle 

& Campbell, 1986; Webb, 1986). A problem with these studies however, is that such large 

amounts of T 3 were administered that T 3 levels actually increased compared to baseline levels. 

Furthermore, studies revealed that with thyroid hormone therapy, b01h muscle protein breakdown 

and body N losses increased (Gardner et al. 1979; Burman et al. 1979) su ch that welgm loss was 

mainly due to a decrease in FFM. 
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3.2.2. Nicotine 

Nicotine has known appetite-reducing effects and these effeets are though to be the 

cause for the weight gain that occurs after the cessation of smoking (Dallosso & James, 1984). 

Furthermore, eross-sectional and longitudinal data on en~rgy intake and physical activity indlcate 

that smokers do not differ from non-smokers (Fisher & Gordon, 1985, Stamford et al 1984) 

Given the findings that smokers weigh less than non-smokers the only remalning determinant of 

energy balance to account for these differences is metabollc rate. In a recent review (Warwick 

et al. 1987) of 14 studies that assessed the mstabolic effects of smoking, 57% found positive 

evidence. Audrèa;n et al. (1991) recently reported that nicotine increases RMR by 7.0%. This 

agrees with results of other investigat!ons reporting similar increases The thermogenic effect of 

nicotine is thought to be mediat€d in part through autonomie nervous system activlty slnce 

nicotine stimulates nicotinic acetylcholine receptors which form part of the autonomie nervous 

system (of which the SNS is one division) (Vander et al. 1985). Because nicotine has also been 

shown to stimulate SNS activity (Cryer et al. 1976), the effects of smoking after a meal on the TEF 

have also been assessed. The results to date are inconclusive (Audrain et al. 1991). 

3.2.3. Caffeine 

Studies in animais demonstrate that caffeine and other methylxanthines reduce body 

weight and fat mass by both anorectic and thermogenic effects (Dulloo & Miller, 1984). The 

stimulatory effect of caffeine on metabolic rate is al 50 weil establlshed in man, both at high doses 

(Acheson et al. 1980) and in the amounts present in a cup of coffee (Dulloo et al 1989) Dulloo 

et al. (1989) recently reported that administration of 100 mg caffelne inereased the RMR of bath 

lean and postobese human volunteers by 3-4% and potentlated the TEF by 25-30% in postobese 

subjects, but had no significant effect in nanobese subjects. Twenty-four hour energy 
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expendlture was increased by 5% in both obese and nonobese subjects. They also found that 

repeated 100 mg doses of caffeine glven every two hours for 12 hours immediately increased 

energy expenditure by 8-11 % but had no effect on the subsequent 12 hours. These results 

support prevlous findings showing that the thermogenic effects of caffeine are short-lived (Arch 

et al. 1987). The means by whlch caffeine increases energy expenditure are not fully understood; 

however, caffeine has been shown to augment the thermogenic effects of certain sympathetic 

stimulants (Astrup et al. 1991) which in itself may suggest that caffeine potentiates tt:ese effects 

via adrenergic mechanisms. 

3.2.4. Amphetô. ni ne 

Amphetamine and similar drugs induce weight 1055 primarily by reducl!'lg food intake. A 

recent study revealed that when administered at a dose of 10 mg/70 kg body weight, twice a day, 

amphetamine reduced energy intake by 30% (Foltin et al. 1990). Amphetamine seems to exert 

its effects in the CNS by releasing norepinephrine from central noradrenergic neurons. In man, 

drug-induced loss of acuity of sme" and taste, and increased physical activity are also thought 

to contribute to weight loss. Several factors make amphetamine less than ideal as a treatment 

for obesity. Tolerance develops rapidly because the releasable stores of norepinephrine become 

depleted. Furthermore, amphetamine causes mood enhancement, elation and euphoria and 

improved physlcal performance, ail of which can lead certain individuals to abuse and addiction. 

ln addition, cessation of this drug appears to be associated with onset of depression. 

3.2.5. Ephednne 

Ephedrine is another sympathomimetic drug which stimulates both a and f3 

adrenoceptors; it not only stimulates the release of norepinephrine from sympathetic neurons, 
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but also has a direct agonist effect on f3 -adrenergic reeeptors (Bukowieckl et al 1982). StudioS 

in both lean and obese animais show t'lat chronic ephedrine adrnlnistl ation promotes a doci ease 

in body weight and an Increase in energy expendlturo, without slgnlficantly affeetlng enOlgy 

intake (Yen et al. 1981). The thermogenic effect of ephedrine has also been dernonstrated 111 

humans (Astrup et al. 1985). Reeently, Pasquah et al. (1992) dernonstratod tllat III obese subJoets 

following a VLCD, administration of ephedrine partlally prevented tho fall in RMR signlflcanlly 

improved the N balance, and maintained serum T 3 and urinary eatecholamille rnetabollto lovels 

near pretreatment values. Body weight loss however, showed no dlfferenee betwoen ephodnne 

and placebo therapies possibly beeause of the short period of drug treatment (2 weeks) Horton 

and Geissler (1991) confirmed the stimulatory effect of ephednne on metalJolic 1 ate ln bOUl loan 

and obese subjects. TI'Jey also found that addition of ephednne to a me al slgnlflc,,·)tly Increasod 

the TEF in obese but not lean subjects. The greatest absolute flse in metabolic rate was 

produced by the combination of meal, ephedrine and asplrin; this enhancement of TEF was also 

not observed in the lean subjects. The investigators suggested that the aspirin potentmted the 

effects of ephedrine on sympathetically mediated thermogenesis by preventlng the prostaglandln­

mediated inhibition of NE release. 

3.2.6 L-3,4- Dihydroxyphenylalanine (L-DOPA) 

L-DOPA is converted in the neuron to dopamine which aets as a sympathomimetic agent 

to displace norepinephrine from sympathetic nerve endings (Landsberg & Bruno, 1973). Shetty 

et al. (1979) administered L-DOPA or placebo to obese subJects at the start of a 24 day VLCD. 

Venous norepmephrine increased in the L-DOPA group and RMR falled to deerease, as occurred 

in the placebo group. Serum T 3 levels deereased to the same extent ln both groups 
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The release of stored norepinephrine mdueed by sympathomimetie drugs oecurs widely 

throughout the body and thls noreplnephrine can act at a wide vdriety of adrenergic receptors 

(0 and J 1). Because of norepinephrine's diverse activities, cardiovascular side effects are 

com!l1on wlth these drugs and coneerns about thelr safety perslst (Cawthorne, 992). Research 

is currently belng done to develop drugs that act on specifie receptors, such that a better 

separation between cardiac s:>nd thermogenic effects can be aehieved (Jequier et al. 1992). 

3.2.7. Serotonln Agonists 

Serotontn, like the catecholamines and histamine, is a monoamine neurotransmitter. It 

is produced in axon terminais trom the essential amine acid, tryplophan. Changes in blood 

levels of tryptophan, resulting trom changes in macronutrient intake, or changes in the rate of 

tryptophan transport from the blood into the extracellular space of the nervous system and into 

the synaptlc terminais, can affect the rate at which serotonin is produced (Vander et al. 1985). 

Sarotonin pathways axist in both the CNS and the peripheral nervous system. "In the periphery, 

serotonin acts in collaboration with other neuromodulators in a complex network that links 

sensory receptors generating moment to moment information on the state of the gastrointestinal 

tract with effectors in m Jsculature, ~ecretory, and absorptive epithelium, blood vasculature; and 

entera-endocrine cells" (Blundell, 1992). Serotonin releasing neurons occur in virtuallv ail regions 

of the braln When considering the diffuse serotonergic innervation 01 the brain, it is easy ta 

understand that the serotonerglc system IS involved in many cerebral functions, such as control 

of emotional behavlour, sleep and wakefulness, endocrine function, appetite, body temperature, 

blood pressure and pain perception (Gothert, 1992). 

Serotonin-containing cell bodies can be divided in many distinct nuclei separated into 

rostral and caudal brainstem groups (Blundell, 1992). The caudal group consists of five main 
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nuclei and descending projections trom thls group modulate sensory and mutor processing in 

the spinal cord. The rostral group consists of tour main nuclei and they sond long axonal 

pathways proJectmg into the forpbrain to make contact wlth lones known 10 be Important 

integrative sites for the control of feedlng (eg hypothalamus) (Blundcll, 1992). 

ln addition to the marked diffUSion of ~erotonergic axon terminais in the braln, the 

heterogeneity of the serotonin (5-hydroxytryptamm8, 5-HT) receptors and tlle dlffelences ln 

distribution of the various 5-HT receptor types and subtypes wlthin the braln makos serotoncrglc 

neurotransmission in the brain very complex (Gothert, 1992) The current classification scheme 

of 5-HT receptors is based on the integrated resuJts of pharmacologlcaJ. 1110chemlcaJ, 

electrophysiological and molecular investigations There are currently four 1 eceptol types (5-HT l' 

5-HT 2' 5-HT 3' and 5-HT 4) and five receptor subtype:l (5-HT l' 5-HT 1 a' 5-HT 1 b' 5-HT 1d and 5-H1 2 

5-HT 2 and 5-HT1C) (Gothert, 1992). The functions of each of these receptors have not been lully 

described at present. 

3.2.7.1. Serotonin and Thermoregulation 

Among the varied cerebral functions involving the serotonerglc systems, tnermoregulallon 

is a function that may be implicated in the control of energy expendlture The autonomlc and 

central control mechanisms regulating body temperature have been weil descnbed Basad on 

these results, serotonergic pathways in the hypothalamus were Implicated as part of the central 

mechanisms for :1eat production (Myers & Waller, 1978) The role of serotonln in thermor( gulatlon 

is based on anatomical, pharmacological, physlologlcal and metabolic eVldence 

First, serotonergic nerve endings terminate ln the hypothalamlc reglon that has been 

classically implicated in thermogenesis (Myers & Yaksh, 1969) Destruction of thes3 neurons 

impairs thermoregulation. 
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Direct Injection of serotonln Into the antenor hypothalamus causes a dose-dependent rise 

in body temperature (Myers & Waller, 1978). Many ('If the studies involving centrally injected 

antagonlsts also support the conclusion that serotonin affects body temperature (My~rs & Waller, 

1978) Pcripherally admlnlstered serotonln ln mlce induces a dose-dependent hypothermia 

(Sugimoto et al 1992) The hypothermie effects of serotonin are antagonized by peripheral 5-HT 2 

antagonlsts, suggestmg that activation of peripheral 5-HT 2 receptors induces hypothermia. This 

offect may be due to cutaneous vasodllatlon, whlch accelerates heat loss from the body 

(Vanhouttc et al 1981, Myers & Waller, 1978). Temperatures changes have been demonstrateu 

in both animais and hurnans wlth a l'lumber of serotoninomimetlc phenylpiperazines and related 

agents (M-CPP, MK-212) Body temperature increases temporanly after acute M-CPP 

admlnstratlon (Mueller et al 1985; Mueller et al. 1986; Charney et al. 1982; Wozniak et al. 1989; 

Kahn et al 1992). However, the available antagonist studies are inadequate to identify 5-HT 

receptor subtypes Involved in M-CPP's temperature effects. MK-212 has also been shown to 

increase temperature in rats (Gudelsky et al. 1986) and in healthy humans but not in 

schizophrenlc subJects (Lee et al. 1992). Through antagonist studies, central 5-HT 2 receptors 

were Impllcated ln MK-212's hyperthermie response (Murphy et al. 1991). None of these 

compounds are used clinically and ail of the studies involved single dose administration. 

Azaplrones are another group of serotonin agonists which affect temperature. The azapirone, 

8-0H-PDAT produces dose-de pende nt hypothermia in rats and mice (Gudelsky et al. 1986; 

Woznlak et al 1988; Wozniak et al. 1991), but has never been studied in humans. The 

hypothermie effects of 8-0H-PDAT may involve the 5-HT1a receptor since this drug is a selective 

agonlst at thls site. Fenfluramine, a serotonin agonist used clinically to treat obesity has also 

been shown to produce temporary hyperthermia after a single administration in rats and chickens 

(Tagliaferro et al 1982; Sulpizio et al. 1978; Frey, 1975). An increase in temperature among 
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humans using this drug chronically for obesity therapy has not been described This is not 

surprisin~ given that the doses used in the animal studies to produce hyperthermia are 10-20x 

the dose used cllnically. 

3.2.7.2. Serotonin and Food Intake 

The involvement of serotoninergic neurons in the expression of appetite tlas boen 

recognized for more than 20 years (Blundell, 1992). Most studies investigating thls Involvornent 

have been done on rats, but studles in the leech and ln humans have also been carried out. 

These investigations include the use of electrical and chemlcal stimulation of the braln. 

electrolytic and neurotoxin induced lesions, correlations of energy Intakc and braln scrotonin 

concentrations after knife cuts, lesions. pharmacologie agonlsm and antagonlSm. 

neurotransmitter precursors and nutrient-transrnitter interactions (Blundell. 1992) Dict-Induced 

changes in the concentration of nutrient precursors within the brain can alter tho rato of 

neurotransmitter synthesis. Serotonin is one of the best known neurotransmitters undor 

precursor control. Increased concentration of serotonin metabolites are seen in cerebrosplnal 

fluid and/or plasma after tryptophan ingestion (Anderson. 1988). Research ln animais has shown 

that the relative proportion of protein and carbohydrate ln a meal can Influence braln amlno acid 

levels and therefore serotonin synthesis. Ingestion of a meal high in carbohydrate preforentlally 

enhances brain tryptophan uptake and serotonin synthesis. In contrast, ingestion of a meal hlgh 

in protein, results in a decrease in tryptophan uptake Into the braln The mannor ln whlch 

dietary-induced charlges in serotonin synthesls affects food intake has not been conclusively 

described to date. 

Serotonin does not cross the blood brain barrier. but serotonerglc effects can be 

modulated by drugs that alter its pharmacology in the brain (Wurtman & Wurtman, 1977). 
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Hyperphagia has been shown to be induced in animais by serotonin receptor antagonists 

(Silverstone & Schuyler, 1975) or by a serotonin synthesis inhibitor (Breisch et al. 1976). 

Conversely, hypophagia is observed after increasing serotonin neurotransmission by 

administratIon of serotonin Itselt (directly into the hypothalamus), its precursors (Rezek & Novin, 

1975), serotonln receptor agonlsts (Rezek & Novin, 1975) and by a serotonin releaser (Wurtman 

& Wurtman, 1977) ln addition ta the effects of serotonin on feeding behaviour, direct 

administration of serotonin to rats (subcutaneous I.ljection) resulted in a 20.5 ± 3.3% increase 

in restmg 02 consumption (Jequier et al. 1992). The increase in V02 was though to be mediated 

by the autonomic nervous system since it was inhibited by an autonomic ganglionic blocker 

(hexamethonium) . 

The use of serotonergic agents in the treatment of obesity continues to be the subject 

of research interest. Much of this interest lies in the fa ct that unlike amphetamine or other 

currently available anorectic drugs, serotonergic agonists have not been associated with the 

same stimulatory and cl'lrdiovascular side effects and appears not to be addictive. However the 

hazards of long term serotonergic therapy for obesity remain un certain (Munro et al. 1992). 

3.2.7.3 Fenfluramine 

The only serotonergic drug available for the treatment of human obesity in Canada is d,l­

fenfluramine. Fenfluramine causes central serotonergic neurons to release serotonin. Previous 

work in animais has established that fenfluramine has a broacler spectrum of anorectic activity 

than amphetamine; for example, fenflummine decreases the motivated se arch for food (Thurlby 

et al. 1985), decreases ingestion Ilnked ta the palatability of food (Borsini et al. 1985), and 

reduces stress-induced eating (Antelman, 1979). The principal reason fenfluramine causes 

weight reduction is because of its centrally mediated anorectic properties (Rowland & Carlton, 
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e 1986). Fenfluramine is said to diminish ir'take by shortening meals rather than by reducing their 

frequency. The drug is said to work by a meal satlety mechanlsm rather than by a rneal initiation 

mechanism (Cawthorne, 1992). With the imtiation of fenfluramlne trcatment (and no dlotary 

instruction) an additional weight loss of about 0 25 kg/week will greater th an that ad1ievod with 

placebo (Munro et al. 1992). In obese patients, the weigl1t-lowering effect of shorHerm (3 

months) fenfluramine administration is also weil documented. The results of scveral studies 

demonstrated that fenfluramin~ together with a moderate energy restnction slgnlflcantly roduces 

hunger and food intake and produces greater weight loss as compared to dlet alone (Guy-Grand, 

1987). 

Long-term clinical studies have shown that continuous administration 1.)' fcnfluramlne to 

obese patients results in weight loss that is maintained for one year (Douç,as et al. 1983). The 

results of a one year trial involving d-fenfluramine, the International Dexfenfluramlne Study 

(Guy-Grand et al. 1959) recently reported that 15 mg twice daily of d-fenfluramine administration 

resulted in increased adherence to the weight-Iowering program and greater weight loss It was 

also found that a plateau in weight was achieved after six months (occurring in both fenfluramlne 

and placebo groups) indicating that the drug did not promote furth~r weight loss but helped to 

avoid the weight regain, which occurred in the placebo group. A recent study by Flner and Finer 

(1989) supports these findings. Obese subjects lost 14 kg after 8 weeks of a VLCD Patlonts 

were then randomized to either drug or placebo treatments assoclated wlth a moderato encrgy 

restriction for 26 weeks. Fenfluramine-treated patients contlnued to lose weight (5 8 kg) whereas 

placebo patients regained 2.6 kg. Finally, it was reported that when drug treatment was stopped 

after 12 months, there as a 9kg weight regain over the following year (Hudson, 1977). 

As interesting as the anorectic properties of this serotoninergic drug ara it'i thcrmoganic 

properties. While studying the nature of tolerance to the anorectic effects of amphetamine and 
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fenfluramine, Levitsky et al. (1981) noticed that when animais continue te receive anorectic drugs, 

their body weights remained suppressed despite the tact that food intake returns to normal. The 

lowered body weight persisted as long as drug treatment was malntained and it retun IS to centrol 

levels once treatment stops The investigators also observed that weight regain after drug 

termination ca" be achieved wlthout an increase in food intake. These observations suggest that 

anorectlc drugs increase energy expenditure. Artifactual reasons for the above observations 

su ch as inereased loeomotor aetivity and Interference in intestinal absorption of nutrients were 

ruled out for fenfluramine (Levitsky & Troiano, 1992). A series of studies testing the thermie effect 

of fenfluramine have been earned out in animais. Levitsky et al. (1986a) administered 20 mg 

fenfluramine to rats in the postabsorptive state and along with a meal. Energy expenditure was 

unchanged in the fasted animais, but it inereased an additional1 0-20% above the increases seen 

ln the meal and placebo group. The authors also found that fenfluramine potentiated the TEF 

for carbohydrate but not for fat. The same authors then tested whether there was tolerance to 

fenfluramine's ability to potentiate the TEF by measuring the effect it had on TEF at the beginning 

and after 15 days of treatment (Levitsky & Troiano, 1992). On day 1 of treatment fenfluramine 

effectively potentlated the TEF. This effect disappeared by day 15. From this study it was noted 

that despite the suppression of body weight caused by restricted feeding in the fenfluramine 

group, metabollc rates postprandially were similar to the control animais who did not lose weight. 

To test whether fenfluramine prevented the expected fall in energy expenditure TEF was again 

rneasured two days after drug treatment was stopped. The TEF of the previously treated animais 

was significantly suppressed which the authors took to indicate that fentluramine had indeed 

prevented the normal fall in metabolism The application 'Jf these findings to humans is difficult. 

The doses used to produce the thermlc effects in the animal studies (20 mg or 4 mg/kg) are far 

larger, on a per kg basis, th an doses used in human stud:es. 
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To determine whether an acute dose of fenfluramine increases metabollc rate in humans, 

Troiano et al. (1990) more recently measured the metabolic rate ln 16 non-obese young men aftor 

either a 750 calorie mixed meal or fasting, with elther 60 mg fenfiuramllle or placebo. The TEF 

was potentiated by the drug treatment. The results suggested that fcnfluramlne II1creased 

metabolic rate by prolonging the TEF. Fenfluramine had no effect on energy expendlture ln the 

fasting subjects. Similar findings were also reported by Munger et al. (1988) Howover, most of 

these studies were carned out in lean subjects whereas fenfluramlne IS used ln obesc subJects, 

and these studies did not specifically test the acute thermogenic effect of the drug. In tact, a 

recent report (Breum et al. 1990) suggested that fenfluramine did not have any long-term affect 

on 24 hour energy expenditure in obese subjects. In the latest avallable study on fenfluramine, 

Scalfi et al. (1993) submitted seven obese men to four tpsts in which fenfluramino (30 mg) or 

placebo were combined with a mixed mean or no meal. In the fasting state RMR IIlcreased 6.9% 

after fenfluramine but not after placebo administration. The TEF of a mixed me al was also 

significantly higher in the drug group (4.6 ± 1.7% vs 3.6 ± 1.5% - percentage of energy content 

of the meal). However, this effect did not suggest an additive effect on energy expendlture 

between fenfluramine alone and food alone (le. 6.9% + 3.6%) 

Based on the studies in animais and humans, the main possible effects of fenfluramine 

can be summarized as follows, first it reduces food intake by enhancing the serotonin-mediated 

satiating power of food; second it reduces the motivation for eatmg under different conditions 

and finally, it increases the thermic effect of food. However, it is still difficult to rolate the acute 

thermogenic effects of fenfluramine to its weight reducing action. Appropnate longitudinal studies 

would be necessary to establish that hypothesis. 
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3.2.7.4. Fluoxetine 

Fluoxetlne IS the first of a new generation of antidepressants that acts by selectively 

inhlblting serotonln reuptake into presynaptic nerve endings in the brain (Anonymous, 1993). 

Although weight gain is often reported among depressod patients treated with tricyclic 

antidepressants, depres',ed patients treated with fluoxetine eommonly lose weight (Cohn & 

Wilcox, 1985) From the observations that serotonin acts in the CNS to modulate feeding 

behaviour and that serotonin agonists ean alter energy expenditure, fluoxetine, with its 

enhancement of serotonergic function, has the potential to affect eating behaviour and body 

welght. 

Goudie et al. (1976) were the first to report a deerease in food intake in rats treated with 

fluoxetine. Wurtm~n and Wurtman (1977) reported that fluoxetine spared protein intake while 

reducing total calorie intake in rats. Decreases in food intake and body weight have sinee been 

confirmed in several studies in both rats and mice (Rowland et al. 1982; Wang & Fuller, 1987; 

Yen et al. 1987). Furthermore, like fenfluramine, fluoxetine has been shawn ta be effective in 

suppressing feeding behaviour linked to the palatability of food (Leander, 1987), stress induced 

feeding (Ante Iman, 1979) and insulin indueed feeding (Carruba et al. 1985). Fluoxetine also 

affects feeding behaviour by redueing meal size but has no effect on meal frequency, which 

suggests it has a satiating effeet (Clifton et al. 1989). 

The anoreetie properties of fluoxetine have also been demonstrated in humans. A dose 

response study was done in nondepressed obese adults who were randomized to placebo or 

fluoxetine (10,20,40 or 60 mg per day) (Levine et al. 1989). After 8 weeks of drug therapy (no 

diet or exercise Instructions were given) mean weight loss was significantly greater in the 60 mg 

dose group. Ali of the different drug-dose groups had greater mean weight 1055 than the placebo 

group except the 10 mg fluoxetine group. Wise (1992) reviewed six short-term studies of 6-12 
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weeks whieh evaluated the anoreetie-weight redueing properties of fluoxetine in vbese slJbjeets. 

The dose was either fixed at 60 mg or vaned between 20-80 mg SubJeets were not given 

instructions with respect to diet or exercise. The results indicate that fluoxetine-treated patients 

eonsistently showed greater weight loss th an plaeebo-treated patients with a mean weight 

change of about -0.5 kg/week. 

ln a review of the longer-term studies in obesity, a maximum mean weight 1055 of about 

5 kg has been shown to oeeur after 12-20 weeks of fluoxetine therapy (Wise, 1992) The pattern 

of weight loss in ".Joxetine treated patients follows the same pattern desenbed earhor for 

fenfluramine, sueh that a plateau in body weight oeeurs after approximately 6 months (Munro et 

al. 1992). Darga et al. (1991) carried out a 1 year double-blind comparison of 60 mg fluoxetine 

to placebo in obese patients who also reeeived dietary counselhng. Maximum mean weight loss 

was 12.4 kg, aehieved at week 29 for the fluoxetine-diet group Placebo-diet subjeets lost 4.5 kg, 

significantly less weight by thai same time. A graduai weight regain occurred from about the 6 

month point to the end of the study in subjects given fluoxetine but not in those who receivod 

placebo. End of study weight 1055 was 8.2 ± 1.9 kg ln the fluoxetille group and 4.6 ± 1 1 kg in 

the placebo group. An identical study by Marcus et al. (1990) reported somewhat different 

results. Fluoxetine-treated patients lost 13.9 ± 12.7 kg after 1 year of drug and diet therapy while 

those on placebo failed to show any signifieant weight change. Also, the fluoxetine-treatod 

patients did not regain weight on the medieation and continued ta lose weight although at a 

slgnificantly slower rate throughout the year long study. 

The therapeutic efficacy of fluoxetine and fenfluramine appears to be about the same as 

that of the sympathomimetic compounds (Munro et al. 1992). Further research is currently being 

done to assess the clinical value of fluoxetine as an adjunct to weight loss programs and to 

elucidate the mechanisms by which seroto.,in agonists induce weight loss. Ali serotonin-acting 
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drugs Increase serotonin concer,tration in serotonerglc synapses, thereby making it more 

available to receptor sites Part of the dlfference between the different serotonin agonists lies in 

which receptor subtypes are influenced. Serotonin antagonists specific to the different receptor 

subtypes are used in conjunction with agonists to determine which subtypes are influenced by 

which drug and what effects stimulation of thélt receptor subtype produces. Receptor affinity is 

one way in whlch fluoxetine differs trom fenfluramine. A study was conducted in which serotonin 

antagonists were glven with fluoxetine or fenfluramine to determine which receptor subtypes are 

involved with ttleir anorectic properties (Garattini et al. 1992). Surprisingly, fluoxetine induced 

anorexia was not reduced by any of the antagonists, whereas that induced by fenfluramine was. 

This suggests that the receptor mechanisms involved in producing anorexia by fluoxetine are 

different from those of fenfluramine. However, it must be considered that these serotonin 

antagonists are not equally selective on 5-HT receptors, making a comparison between the 

effects of fluoxetine and fenfluramine in terms of 5-HT receptor affinity difficult (Garattini et al. 

1992). Furthermore, some studies have shown fluoxetine to have no effect on any serotonin 

receptors (Sommi et al. 1 987). Until serotonin antagonists specifie to every serotonin receptor 

subtype are available, mechanistic questions will persist about how fluoxetine and other 

serotonergic drugs work. Aside from receptor mechanisms, fluoxetine and fenfluramine also differ 

in their "serotonln-releasing" activities (serotonin reuptake inhibition in the case of fluoxetine). 

Superfused rat hypocampal synaptosomes, previously loaded with 3H-5-HT, were exposed for 

three minutes to dlfferent concentrations of fluoxetine or fenfluramine. This study showed that 

fenfluramine-induced release of serotonin was immediate whereas a delay of two minutes was 

observed with fluoxetine. The dose-response curve was plotted using drug concentrations 

ranging trom 0.03 - 10 P mol/L. Fenfluramine was saturable, while fluoxetine was not. In addition, 
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• indalpine, an inhibitor of serotonin uptake blocked the effect of fenfluramine, but not of fluoxetine 

• 

• 

(Garattini et al. 1992) 

Fluoxetine's safety has been conflrmed in both depressed and obese subjects ln terms 

of adverse side effects, headache, nausea, asthema, diarrhea, somnolence, Insomma, 

nervousness, sweating and tremor are the most frequently reported (Cooper, 1988) One aspect 

of the side effect profile of fluoxetlne (nervousness and tremor) could be eVldence of a 

sympathetically mediated stimulation. Liplnski et al (1989) reported that akathlsla (nervousnûss, 

purposeless movement of feet, legs) induced by fluoxetine can be effectlvely roducod by 

propranolol, a B-adrenergic antagonist. The authors hypotheslzed that fluoxetlne-Induced 

akathisia may be caused by serotonergically mediated inhibition of doparlllnûrgic 

neurotransmission. 

4. SUMMARY AND RATIONALE FOR RESEARCH PLAN 

Energy restriction ln humans, whether lean or obese, results in a reduction in the AMA 

ln the short term, much of this reduction is adaptlve,stemmlng trom the decrease in metabolie 

activity of the body cell mass; with continuing semlstarvatlon and increased loss of active cell 

mass, AMA continues to decrease and the latter component assumes a greater and greater role 

in explaining the decrease in AMR. Metabolic efflclency of the FFM is achleved pnmarily lhrough 

reduced sympathetic activity 1 changes in peripheral thyrold hormone metabolism and lowored 

insulin secretion. There is also controversial evidence that a decrease ln the TEF contnbutos to 

the increase in metabolic efficiency that accompanies energy restriction Untortunately, while 

these adaptations permit the prolongation of life, they work against one goal of obeslty therapy, 

i.e. to sustain maximal possible rates of fat 1055 by maintaining a large energy deflcit, without 

excessive 1055 of lean tissue. 
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Of the two sides in the energy balance equation, energy intake and energy expenditure, 

obesity experts have generally focused on modifying an tndividuals' intakes as a means of 

achieving sate and effective welght loss, and this remains the preferred approach to achieve 

long-term weight goals. The development of high-protein, very low enGrgy diets is an example 

of a dietary modification that spares lean tissues while producing rapid and significant weight 

loss 

Another approach to achieve weight reduction is to increase energy expenditure. The 

idea of using thermogenic agents is not new. Thyroid hormones may be used for this purpose, 

but they induce a greater loss of protein than fat. Catecholamlne-stimulating appetite 

suppressants have potent stimulant properties, are prone to abuse, and produce undesirable 

cardiovascular side effects. On the other hand, serotonin-acting anorectic compounds such as 

fenfluramine and fluoxetine are less hazardous than the catecholaminergic compounds and are 

at ieast as effective in inducing weight loss. A nurnber of pharmacological studies in animais and 

leans and obese humans have also shown that fenfluramine is thermogenic. Data suggest that 

acute administration of fenfluramine increases energy expendlture in the fasted state, as weil as 

after the ingrstlon of food. A direct relationship between fenfluramine's thermogenic effects and 

its ability 10 induce weight IOS3 has yet to be described. 

ln view of the r~ported thermogenic effect of the serotonin agonist fenfluramine, it was felt 

justified to study these same effects in fluoxetine. This idea is of interest for two reasons. The 

first is the issue of whether serotonergic pathways an~ directly or indirectly involved in 

thermogenesis. The second is the more practical aspect of weight loss which can be influenced 

by the adaptive decline in energy expenditure that occurs with the introduction of a VLCD. Any 

intervention which prevents or blunts this adaptive decline would result in faster and more 

;xolonged welght loss at any given energy intake. 
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4.1. Hypotheses 

1. It was hypothesized that 60 mg fluoxetlne administration to obese subJocts on a very low 

energy diet for three weeks would blunt the decrease ln RMR that occurs when placebo IS 

administere:d. In order to test for such an effect of fluoxetine in the most sensitive way, a 1757 

kJ/420 kcal/day study diet was ehosen for whlch the fall ln RMR IS caslly and loliably 

demonstrable. Since metabolie adaptation is mediated via hormonalillochanlsins tllO postulated 

thermic effect of fluoxetine would potentially be deteeted through the rneasuroment 01 urlnary 

catecholamines, serum thyroid hormones and insuhn. N balance was measured dunng tt10 VLCD 

in arder to be able to comment on the composition of welght loss and the rosulling body 

composition changes induced by fluoxetme. It was also deslred ta know If N retenllon dunng 

the VLCD would be altered by administering this CNS active drug. 

2. Further, it was hypothbs!zed that fluoxetine wou Id potentiato the thermlc response to a 

112.5 9 glucose test mea.. Because insulin resistance has been reported to reduce the thermlc 

effect of glucose, oral glucose tolerance tests (OGTT) were performed prlor ta the st art of the 

VLCD in order to be able to account te r the difference in TEF anong the study sUbJects due ta 

insu lin resistance. The .TEF was measured during a weight maintenance baseline period (prlor . 
to drug/placebo administration), on the last day of the VLCD and followlng 8 weeks of a 5016 

kJ/1200 kcal balanced deflcit diet. This will enable us to address the controverslal Issue of a 

blunted TEF fcllowing weight loss/energy restriction and how fluoxetine may alter the "blunted" 

TEF. 

3. Finally, it was hypothesized that the RMR would remaln higher rn fluoxetlne- th an placebo-

treated patients over a subsequent period of 8 weeks with a weight reduction diet of 5012 
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kJ/1200 kcal uSlng normal foods Because of the slow onset of fluoxetine action (average hait 

life 3-4 days). full pharmacologlcal effect for ail subJects was thought to require 18-24 days. To 

accommodate the pOSSlblllty of delayed action, the VLCD period was kept to a feasible 

maximum (21 22 days) and the outpatlent penod of the study was kept to a maximum of 8 

weeks, 50 that RMR and TEF measurements made dunng this time could detect the potentially 

delayed action of fluoxetine 

5. EXPERIMENTAL DESIGN (Figure 1) 

SUitable patients were admltted to the Clinicallnvestigation Unit (CIU) of the Royal Victoria 

Hospital, and placed for 4-5 days on a conventional formula diet providing ail maintenance needs 

(inclusion and exclusion cnteria are described below). During thls time and throughout the 

subsequent study, ail urine was saved in seriai 24-hour collections for analysis of N excretion, 

and the subjects underwent at least 2 measurements of RMR, and one measurement of the 

thermlc effect of a standard glucose meal (TEF). 

2. On day 1 of the very low energy diet (VLCD), and following a measurement of the RMR, 

fluoxetine (F) 60 mg or placebo (P) was administered each morning and a 1757 kJ/420 kcalliquid 

formula dlet was glven ln three meals. No smoking was allowed. Body weight was recorded 

dally after vOldlng and in bed clothes RMR was measured early on the mornings of days 1, 3, 

6, e, la, 13, 15, 17, 20, 22 (final day of VLCD), in each case prior to adrr.ll1istration of that day's 

fluo)(etlne dose The TEF was measured on the final day of the VLCD. 
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3. While continuing fluoxetine or placebo, each subject was "refed" for 3-4 days in hospital 

with a conventional balance deflcit dlet (BOO). The subjects were then discharged wlth dietary 

counsemng to continue thls BOO du ring the outpatient phase 

4. Subjects returned for morning follow-up visits which Included dietary counselling evory 

two weeks for a total of 8 weeks while continulng on the study medicatlon. Body welgtlt (in 

standard clothes without shoes) was recorded at eactl visiL At the 4 week post-discharge VISII, 

RMR was measured. At the 8 week post-discharge visit (the final VISlt of the Sludy) Botl1 the RMR 

and the TEF were measured. 

6. MATERIALS AND METHODS 

6.1. Subjects 

Moderately obese women aged 20 to 48 years volunteered to partlclpate in the study 

Subjects learned of the study through advertisements placed ln a local newspapcr Potential 

subjects were required to be in good health with no history of metabollc or CI:l dl. lC dlsoase, 

depression and receivmg no chronlc medicatlon Including oral contraceptives An en ry cnte non 

was a body mass index (SMI) of 30 kg/m2 or more SUbJects were carofully Intervlcwed and If 

they appeared likely to benefit medically from weight loss and to be able to adhere to the study 

protocol, they underwent a complete medlcal history, physical examlnatlon (by Dr L J Hotter), 

pregnancy test, haematological tests (complete blood count wlth dlfferentlal white cell count and 

platelets), blood cnemistry (sodium, poté.\ssium, chloride, CO2, glucose, urea N, creatinine, 

triglycerides, cholesterol, uric acid, albumin, total protein, alkaline phosphatase, AL T or AST, 

thyroid indices and haemoglobin A1 C), urinalysis, electrocardiogram and ehest X-ray (postero­

anterior and lateral views). Date of the last m~nstrual period was recorded. 



60 

6.2. Research Facility 

The subJects were admitted to the Clinical Investigation Unit (CIU) of the Royal Victoria 

Hospital Nur')lng procedures included twice daily measurement of heart rate, standing and 

supine blood pressure and dally determinations of basal temperature while in hospital. Basal 

temperature was measured wlth a dIgital Becton-Dicklnson (Toronto, Ontario) basal thermometer 

(temperature range 35-3S°C) SubJects were carefully instructed to take their temperature at the 

same tlme each morning, after voiding and before breakfast, by placing the thermometer under 

the base of the tongue and not to breath through their mouth for 3 minutes. Subjects were 

w91ghed each mornlng at the same time in the same bed clothes, after voiding but before 

breakfast on a SC3le-TronlxR (Ingram & Bell - Meditron, Le Groupe, Inc., Don Mills, Ontario) digital 

scale (accurate to 0 1 kg) Dunng the baseline period, waist and hip circumferences were 

measured ln order to calculate the waisthip ratio. Measurements were made on subjects 

standing up Walst circumference was measured at the narrowest part of the torso, or at the 

circumference 4 centimetres above the umbilicus, when a natural waist was not evident. Hip 

circumference was measured in a horizontal plane at the levels of the buttocks (Hardy, 1961). 

Urine ketones were determlned daily using the ChemstripR 5L (Boehringer Mannheim, Laval, 

Quebec) to monitor dietary compliance. Subjects were instructed to record days of menstruation 

ln a patient record book. Final preparation of meals were done by either the CIU dietitian or the 

subjects themselves, under supervision). 

6.3. Diets 

Upon admission to the hospital, ail subjects were given a liquid formula diet calculated 

to provlde maintenance energy requirements. Energy intake was based on the subject's 

calculated RMR (according to the Harris-Benedict equation) multiplied by 1.5 (Mahalko & 
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Jonhson, 1980}. This intake was calculated to meet the weight maintenance needs of the 

subjects, which was essential in establishing reproduclble baseline data for ail tl1e variables 

measured.This 4-5 day baseline dlet consisted of a commercial meal replacement product 

(Ensure, Ross Laboratories, Montreal, Quebec) and was supplemontod Wltt1 glucoso polymor 

derived from corn starch (Polycose, Ross Laboratories) A standard volume of Ensure was used 

for ail subjects so that protein intake would be constant. Wh en energy requlremonts wero groater 

th an the energy provided in the ensure, additional energy was supplled by Polycose The diet 

contained 80 grams of protein and fat and varying amounts of carbohydrate (due to the differing 

amounts of polycose added). The composition of the products used in the baseline diet is given 

in Table 2. 

During the subsequent 21-22 days, ail the subjects consumed a liquid formula very low 

energy diet (Optifast 70, Sandoz Nutrition, Minneapolis, Minn.). The diet provided 1757 kJ/420 

kcal per day and at least 100% of the established Canadian Recommended Nutnent Intake for 

essential vitamins and minerais, with the exception of iodine which provlde 94% of the RNI. The 

composition of the VLCD is given in Table 2. Subjects were instructed to dnnk at least 2 litres 

of water daily and to consume no other foods or beverages Subjects were givon five 

prepackaged envelopes of the Optifast powder. The powder in each envelope was combined 

with 200 ml of water. Two envelopes were consumed at breakfast and at suppor, and one 

envelope was consumed at lunch. Subjects prepared their morning and midday meals ln the 

research kitchen in the presence of the research dietitian. 

After completing 3 weeks of the VLCD, subjects were refed on a 5016 kJ/1200 kcal per 

day balanced deficit diet composed of regular foods. The diet was approximately 15% protein, 

55% carbohydrate and 30% fat. It was based on the Good Health Eating Guide which uses a 
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choice/exchange system (Canadian Diabetes Association, 1980). Subjects were instructed to 

follow this diet during the entlre eight week outpatient phase of the study. 

The N content of both the baseline diet and the VLCD (samples of ail lots were used) was 

determined uSlng the Kjeldahl digestion (Munro & Fleck, 1969). Ali subjects took both the 

baseline diet (Ensure) and the VLCD (Optifast) from a single lot for the entire study. 

6.4. Randomizatlon Procedure 

Subjects were assigned at random to either fluoxetine (60 mg) or placebo by a study 

coordinator at El] Lilly, Canada, Inc .. This was a randomized double-blind study su ch that neither 

the subject, nor any member of the CIU or research te am were aware of the randomization list. 

Fluoxetine and placebo were in capsule torm, white in colour and identical in appearance. 

Boitles were labelled "Fluoxetine: treatment of obesity" and were packaged in a patient kit, 

identified by a number. Proper randomization was ensured by assigning each kit sequentially, 

starting with the lowest available number. Each subject had her own kit. Each kit contained 

three boUles of 35 capsules. 

6.5. Collections 

Complete 24 hour urine collections were made for ail inpatient protocol days. Urine was 

collected ln containers with 15 ml of 12M hydrochloric acid as preservative and was stored at 

4°C dunng the 24 hour period. It was then aliquotted and either submitted for analysis or stored 

at -20°C Collections were analyzed for creatinine, urea N, total N, sodium, potassium, chloride 

(Wallach, 1981) and urinary catecholamines (epinephrine, norepinephrine, dopamine, 

metanephrine and normetanephrine)(normal ranges are based on inhospital determinations). 
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6.6. Blood Drawlng 

Postabsorbtive venous blood samples were drawn on the tirst and last day of the basaline 

period and on days 7,14 and 21 of the VLCD period. 

(a) SMAC-16 (Wallach, 1981): Slood was collected in 10 ml rad top sterile vacutainers 

(without anticoagulant) for determination of sodium, potassium, chloride, bicarbonate, urea, 

creatinine, glucose, uric acid, calcium, phosphorus, total protein, albumin, total blllrubin, alkallne 

phosphatase, ALT (alanine aminotransferase), AST (aspartate ammotransferase), LDH (lactate 

dehydrogenase), cholesterol and triglyceride. 

(b) Complete Slood Cell Count (Wallach, 1981): Slood was collectcd ln -, mllavender top 

EDTA-K3 (ethylenediamine tetraacetate) sterile vacutainers for determination of haemoglobin, 

haematocrit, white blood cells, neutrophils, lymphocytes, monocytes, eoslnophlls, basophlls and 

platelets. 

(c) Thyroid Indices: Slood was collected ln 10 ml red top sterile vacutainers (wlthout 

anticoagulant) for determlnation of T 4 (thyroxine), T3 uptake, free T 4 Index, T 3 and free T 3 Index 

(normal ranges are based on inhospital determinations). 

(d) Insulin: Five millilitres of blood was collected in la ml test tubes contalnlng 0.5 ml of 

a Trasylol-Aprotinin - Heparin solution (Trasylol-Aprotinin:10,OOO K.I.U./ml, Mlles Canada Inc., 

Etobicoke, Ontario; Heparin:10,000 U.P.S./ml, Organon Teknika, Toronto, Ontario) for 

determination of insulin. The blood-Trasylol - Heparin mixture was centntuged at 2800 rpm for 

15 minutes, the plasma portion was separated and stored at -12°C. 

(e) Fluoxetine and Norefluoxetine: Slood samples were drawn tollowing the collection 

procedures specified by Eli LIlly Canada, Ine. Blood was eollected ln la ml hcpannlzod 

vacutainers and was th en mixed and centrifuged Immedlately Hepannlzed plasma was th en 

transferred to glass tubes (supplied by Eli Lilly Canada, Inc ) and Immediately frozen at -12°C ln 
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a horizontal position. Frozen specimens were then shipped on dry ice to the Wisconsin 

Analytical and Research Services for determination offluoxetine and its metabolite, norefluoxetine. 

Test results were not dlsclosed until the study was completed. 

(f) Modlfled Oral Glucose Tolerance Test (OGTT): A modified OGTT was performed on 

each subject after an overnlght fast (10-12 h) during the baseline period. After a fasting blood 

sample was drawn trom an antecubltal tossa vein, a 75 9 glucose load (Glucodex, Rougier Inc., 

Quebec) was glven. Blood was then drawn two hours later. Blood was collected in la ml sterile 

vacutainers (without anticoagulant) and in 10 ml test tubes containing 0.5 ml of Trasylol - Heparin 

for determination of glucose and insulin levels respectively. 

6.7. Analytical Methode 

Urinary creatinine was determined by a modified Jaffe method (Heinegard & Tiderstrom, 

1993) on the Beckman Syncron CX4 and CX5 systems (Brea, California). The automated 

Beckman systems were also used for urea nitrogen determination and for electrolyte 

determination (Ion Selective Electrode Methodology). These analyses were done by the hospital 

Biochemistry Laboratory. Unnary catecholamines were determined by weak cation exchange 

HPLC with electrochemical detection, following sam pie purification by cation and anion 

exchange resin chromatography, according to a method published by Biorad (BIORAO, 

Richmond, California). Urine total N was determined colorimetrically using the Kjeldahl method 

(Munro & Fleck, 1969) using an automated Technicon Autoanalyzer Il (Chauncey, New York). 

Haematological tests and blood chemistry (SMAC-16) were determined by the hospital 

cllnical biochemistry laboratory, using standard automated methods (Technicon SMAC Il and 

Technicon H-I System, respectively, Tarrytown. New York). Samples for the thyroid indices were 

determined in the hospital Endocrinology Laboratory by standard automated radioimmunoassay 
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techniques (ARIA Il Becton Dickinson Immunodiagnostics, Baltimore, Maryland). Plasma samples 

were analyzed for insu lin using a human insu lin specifie RIA (Linco Research Inc., St. Louis, 

Missouri). 

6.8. Instrumentation 

Energy expenditure was measured by continuous indirect calorimetry with the use of a 

Deltatrac ventilated hood indirect calorimeter (Sensor Medics, Vorba Linda, California). The hood 

is a 25 litre semiellipsoidal canopy placed over the subject's head and upper body. The 

ventilated hood method was used because it allows the 3.5 h measurement required to evaluate 

the thermie effect of food with minimal subject dlscomfort. Fixed air flow through the hood was 

38.01 Llmin. The flow was calibrated by combusting 5.00 ml absolute ethanol in a calibration 

burner unit provided with the instrument (the absolute ethanol used for calibration was carefully 

protected from ambient moisture using parafilm and an air tight bottle). The total amount of CO2 

produced during the test was used in the following calculation to determine the flow rate: 

New Flow Rate = 1.03 x 3820 x current flow 
total CO2 production in ml 

The flow rate is relatively high in arder to prevent expired CO2 from accumulating ln the hood. 

The analyzer measured oxygen with a differential paramagnetic sensor and carbon dioxide with 

an infrared sensor. 02 consumption and CO2 production are expressed under standard 

conditions (STPD): dry gas at OoC and 760 mm Hg. Measured V02 and VC02 consumption 

takes place under ambient conditions, therefore the Deltatrac corrects the gas volumes to 

standard conditions. RMR is determined trom the measured V02 and VC02 using the Welr 

formula (Weir, 1949): 

RMR = 5.68 V02 + 1.59 VC02 - 2.7 Nu 



Where RMR = resting metabolic rate in kcal/24 hours 

V02 = 02 consumption in mi/min 

VC02 = CO2 productIon in mi/mIn 

Nu = urinary nitrogen excretion in g/24 hours 
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Prior to any measurement, gas analyzers were calibrated using a primary standard of 96% 02' 

4% CO2. The accuracy of 02 consumption and CO2 production were then verified by 

combustlng absolute ethanol and verifying the accuracy of the respiratory quotient (Ra = 

VC02fV02 = 0.667) and carbon dioxide production rate based on the weight of ethanol 

consumed. The Deltatrac indirect calorimeter has less than a 2% error in determining the 

concentrations of 02 and CO2 over the full range of concentrations (i.e. 0-100%). And, the 

stability of the CO2 analyzer over the full range of concentration has an error of less than 0.2%. 

6.9. Resting Metabolic Rate (RMR) 

RMR was measured three times during the baseline diet, and every two or three days 

during the VLCD, thus on days 1, 3, 6, 8, 10, 13, 15, 17, 20 and 22. It was also measured at 

week 4 and week 8 of the 8 week out patient phase. Seriai measurements on each patient were 

performed by the same operator at the same time of day (8-9 AM) (Garrow, 1978). The 

measurements were performed on subjects after a 6-8 hour sleep and after a 10-12 hour fast, in 

a semi-darkened room with only the subject and tester present. Study medication was not taken 

prior to the test. If they so wished, subjects could hear restful music played at a low volume to 

help them relax and prevent them trom falling asleep. The room temperature was carefully 

maintained between 21-24oC by heater/air conditioner. Prior to each test, subjects lay in a semi­

recumbent position on a bed for at least 20 minutes. The Deltatrac generates data each minute 

for V02, VC02 , Ra and energy expenditure. A 15 minute RMR determination was preceded by 



67 

5 minutes under the ventilated hood during which time data were collected but not included in 

the analysis. The steady state, defined as the time during which the coefficient of vanabihty for 

V02 and VC02 was less than 5% of the respective mean, was usually achleved ln the 15 minute 

testing duration. If a steady state was not achieved, the RMR was repeated the next day. 

Studies have reported that repeated RMR measurements on the same subJect suggest the 

existence of a training effect whereby initial measurements of RMR are hlgher th an subsequent 

measures after the subject becomes adjusted to the testing conditions (McClave & Snider, 1992) 

To avoid the training effect during the baseline period and as part of the screenlng plOcedure, 

subjects underwent two complete RMR measurements prior to the start of the study. Ropeated 

RMR measurements on ail 20 subjects during tre baseline diet period were highly reproduclble, 

with a me an coefficient of variability (C.V.) of 2.24 ± 0.27%. 

6.10. Thermie Effect of Food 

The TEF was assessed on three occasions for each subject, at the end of the baseline 

diet, the VLCD and the outpatient phase. The TEF protocol was developed based on the results 

of seriai metabolic rate meaSUf'ements made in 6 normal subjects. Based on the literature, 

glucose was chosen for the test meal primarily because it Induces a relatlvely strong thermogenic 

response (7-10%), and this effect is generally completed or on a downward slope aftcr 3 hours. 

The length of time to consume the test meal, the duration of the TEF measurement, and the 

scheduling of 10 minute break periods were ail varied sy~tematically until the most reproducible 

results were obtained within an individua!. 

Ali began with a measurement of the RMR as described above. Following the RMR, 

subject sat up on the bed (standing or walking was prohibited) and consumed the test meal over 

the subsequent 15 minutes. Subjects were given 112.5 g glucose in 450 ml of carbonated water 
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(Glucodex, 1763 kg/422 kcal). The test meal was divided in three equal parts and consumed in 

three five minute intervals. Subjects were Instructed to drink the test meal slowly so as to avoid 

discomfort due to nausea whlch could potentially alter rates of absorption and energy 

expendlture Subjeets were then instructed to resume the same position held during the RMR 

and the ventilated hood was placed over the subject's head. Metabolic rate was then measured 

postprandially for 210 minutes, with three ten minute breaks at minute 55, 120 and 165; these 

breaks allowed the subjects to urinate if desired. Ultimately, 180 discrete measures were made; 

data for the 30 minutes of break time were generated by interpolating the points from the data 

immediately before and after As with the RMR ail sensory inputs were controlled, Le., the lights 

in the room were dimmed, music was played at a low volume and the only other person in the 

room was the tester (R. Bross). Ali measurements of RMR or TEF were pertormed in a elosed 

study room in the McGili Nutrition and Food Science Centre (Crabtree Nutrition Laboratory). 

6.11. Calculatlons 

N balance was caleulated as the N intake minus the sum of urinary, fecal and 

miscellaneous lasses. N intake was determined ta be 12.10 ± 0.10 9 and 11.2 ± 0.11 9 on the 

Ensure and Optifast diets respectively by Kjeldhal analysis of the formulas. The values obtained 

were in agreement with the label claims. Fecal Niasses were assumed ta be 0.6 g/day based 

on reported fecal losses in similar subjeets following a similar weight loss protocol (Hotter et al. 

1984). Miscellaneous N losses were assumed to be 8 mg/kg/day (FAO/WHO/UNU, 1985). 

Urinary N was determined trom daily 24 hour collections Losses of le an body mass were 

estimated trom changes ln N balance, assuming 1 9 N is equivalent ta 6.25 9 of body protein or 

31.25 9 LBM (Fncker et al. 1991). 



69 

The TEF was determined by subtracting the area under the RMR curve (~MR x 210 min) 

from the area of the TEF curve, where the TEF curve was generated by plotting energy 

expenditure against time for 210 minutes The difference between the area under the TEF and 

RMR curves was the postprandial energy eXjJenditure. The TEF was then expressed III two ways 

(Schutz et al. 1984b): 

A. The postprandial energy expenditure (EE) curve averaged over 210 minutes and 

expressed as a mean value (kcal/min), this was compared to the AMR. This response was 

expressed as the percentage increase of EE over the pre-meal baseline. 

% increase over RMR = postprandial EE (kcal/min) - RMA (kcal/rnin) x 100% 
RMA (kcal/rnin) 

B. The TEF was expressed as a percent of the energy content of the test meal: 

TEF = !QQstprandial EE (kcal/min) - RMR (kcal/min)) x 210 x 100% 
1763 kJ/422 kcal 

6.12. Adherence ta Protocol 

Several measures allowed an estimation of dietary adherence and the reiiablhty of the 

urine collection. The most irnportant way of deterrnining that the entire baseline or VLCD dlets 

but no other food would be consumed was the selection of responsible, motivated and 

enlightened subjects, combined with daily interviews with CIU staff (includlng R. Bross) and study 

physician. Subjects were observed con,>uming some of their meals and were questioned about 

meal schedules, appetite, and the palatability of the formulas. During the inpatient portion of the 

study, intakes were as controlled as possible within the limits of human expenrnentation Durmg 

the outpatient portion of the study, subjects were given dietary counselling overy two weeks This 

included a review of daily dietary records kept by the subjects and 24-hour recall" F urthermore, 

telephone conversations between the two week visits allowed for a further estimation of 
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adherence to the outpatient balanced deficit diet. No specifie data was collected from these 

cOLmselling sessions, therefore an exact quantification of the subjects energy and nutrient intakes 

du ring the BOO IS not possible. 

Urine creatinine was examined to confirm the completeness of urine collections. It is used 

as a measure of completeness because creatinine excretion is directly proportion ta muscle 

mass, and since total muscle mass should not change signiflcantly du ring the inpatient study, 

constant amounts of creatinine should be excreted on a daily basis. Urine urea, total N and 

potassium were monitored to detect increases due to dietary indiscretion or decreases due to 

fallure to take meals. Urine ketones were examined qualitatively to confirm that the carbohydrate 

intake during the VLCD remained low. Urine ketone concentrations of 0.5 to 10 mmol/L were 

considered appropriate for the VLCD, glven that it contained 30 9 carbohydrate. Ketone levels 

far below this range would be an indication of a higher carbohydrate intake and therefore non­

adherence to the diet. SubJects were also weighed at each visit. 

Finally, pill counts and plasma levels of fluoxetine and its metabolite, norefluoxetine 

allowed for an accurate estimation of adherence to the drug protoco!. 

6.13. Hazards to Subjects and Informed Consent 

The nature of the study and its potential hazards were explained to the subjects prior to 

signing a consent document which had been approved by the Royal Victoria Hospital Human 

Ethics Committee (see Appendix 1). This committee likewise reviewed and approved the study 

protocol It was explained ta subjects that they were free ta withdraw trom the study at any time. 

Subjects were not r\;.munerated for their participation in the study, however a $100 remuneration 

was given for the tinal TEF due to the loss of a hait day of employment. 
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6.14. Statistical Analysis 

A mini~um sample size of 7.8 subjects per treatment group was estimated, basad on a 

power calculation for a one-tailed test and a and J3 levels of 0.05 (Hall, 1983), glvon a 3% 

intraindividual variation of RMR on different days, an intramdividual standard devlation of 3%, and 

a 5% dlfference between the response of fluoxetlne and placebo subJocts (conslderod 

physiologically relevant) (Soares & Shetty, 1986). Ten subjects per group werc proposod ta be 

ample but not excessive for the pur poses of the sample size. 

The data for treatment and control groups were compared us mg repeated measures 

analysis of variance. Since the study involved making repeated observations on each subJoct 

over time, the analysis is a two-factor (treatment and tlme) analysls of V811ance wllh ropoated 

measures on one factor (time). Whenever significant (p :$; 0.05) effects woro dotoclod for oithor 

time or treatment a contrast was done against the basellne varlablo to detormmo whera 

significant effects occurred. The repeated measures ANOVA was used to analyze data for RMR, 

TEF, temperature, weight, pertinent biochemical indices, urinary catecholamines, nltrogen balance 

and thyroid indices. These variables were analyzed as absolute cllangc from bascllne to 

minimize any interindividual variability at onset Data for basellno subJoct charactoflstlCS (500 

table 3), baseline urinary catecholamines, basellne thyrold mdlcos, basellno TEF, plasma glucose 

and insu lin (pre- and post- OGTT) and outpatient nulrient and energy intakes for oach group 

were compared using an unpaired two-tailed t-tes\. This test was also used to compare the 

baseline TEF for the glucose intolerant vs. the glucose tolerant subjects. Results are expressed 

as mean ± SEM. 
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7. RESULTS 

7.1. Subject Characteristics and Diet Composition 

Twenty-two subJects entered th,s study between December 1990 and June 1992. One 

subJect left after two days un the baseline diet because of the difflculties associated with 

communal living ln the CIU The study was dlscontinued ln one other patient after approximately 

one week on the VLCD because of nonadherence to the study protocol. N balance and rate of 

weight lo:s data for subJect A 0 were also not included in the analysis because her low urinary 

concentrations of urea, sodium, and potassium during the VLCD period, despite consistent 

creatinine concentrations Indicatlllg that she must have consistently underconsumed the 

prescflbed VLCD The subJect was later questloned about her adherence to the study diet and 

Inslsted that she had ,ndeed consumed ail of the VLCD Ali of A.D.'s other data (other key 

variables measured) were Included ln the analysis. Exclusion of her data would result ln no 

change ln any of the reported mean values. Furthermore, leaving her data (subjeet was in the 

fluoxetlne group) ln these other analyses would if anything, blas the results against our major 

conclUSions slnce a more restncted energy intake would work against any thermie effeet of 

fluoxetlne by l1astenlng and magnlfying metabolie adaptation. Her basal temperature data were 

also IIlcluded If they were excluded they would ln fact, make the conclUSions later reported with 

regard to temperature even slightly stronger Finally, the temperature data of subject P.R. were 

not IIlciuded ln the analysis because her mean baseline temperature of 32 aOe was an impossibly 

low value DUfing the VLCD, P R 's temperatures were simllar to her group's mean, indicating 

that her temperature measurement technique dUfing baselllle wa~ not good. If included, this 

subJects' data makes our conclusions wlth regard to temperature even strongl3r. Ali of P.R '5 

other data (other key vaflables measured) were Included ln the analysis because 
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there was no reason to doubt their accuracy Thus, results from 20 subjects, 10 subjects par 

treatment group, were included (wlth the exceptions described above) III the tillai analysls 

The baseline characteristlcs of the 20 subJects are Stl0WIl in Table 3 SubJoct 

randomization produced weil mdtched groups wlth no slgnltlcant diHerencûs betwoon any of the 

measured variables. Mean baseline energy Intakes were not slgniflcantly dlfferent betwoen Ule 

two groups (F: 2505 ± 60 kcal/day, P: 2526 ± 29 kcal/day, p=O 75) 

Ali subjects had further weight ta lose at the end of the In-hospltal phase, and remailled 

on the balanced deficit diet (BOO) as outpatlents SubJects returned for clillicai VISltS and dletary 

counselling each two weeks for eight weeks. Table 4 list~ the prescribed outpatlollt Intakes 

Prescribed levels of carbohydrate, proteln, tat, and energy were not difleront botwoon the groups 

N-analysis of each lot of the baseline diet revealed the N intake was 12.1 ~t. 0 1 g/d and 

the N intake of the VLCO was 11.2 ± 0.11 g/d. These estllnates closoly match the N content of 

the two formula diets (based on a daily intake) which are leported ta be 128 9 N for Ensure and 

11.2 9 N for Optifast. The cv for the N content among the dlflerent lots of formula used was 4 1 % 

for the baseline diet and 2.8% for the VLCD. 

7.2. Clinical Course 

Apart from one subject, there were no adverse events of medical, or other signiflcance 

related ta either the baseline diet, VLCD or BOO. One subject (L.E.O.). however, had an episode 

of acute cholecystitis 4 days after concluding the outpatient study. L.E.D had a famlly history 

of gallstones/cholecystitis (mother) and had prevlously presented ta the omergency room wilh 

nonspecific abdominal pain (01-11-88). Between May 12 and June 10, 1992 L E 0 exponenced 

three attacks consisting of severe upper abdominal pain, nausea, vornltlng and dlarrhoa An 

abdominal ultrasound examinatlon revealed several (>3) sm ail stones ln the gallbladdor and the 
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diagnosis of cholelithiasis was made The subject underwent a laparoscopie removal of the 

gallbladder on June 11, 1992 and recovered fully. 

The nursing records for the mpatient phase of the study showed that heart rate slowed 

(p<O.005) and blood pressure (postural and recumbent) decreased in both the treatment groups 

during the VLCD Thore was no consistent pattern to suggest a difference in response to the 

VLCD between the two groups. No abnormalities were detected in the ECGs, chest X-rays or 

hematologlcal tests 

Changes ln plasma unc acid, AST (aspartate aminotransferase), glucose and insu lin are 

summanzed ln Table 5 Serum urie acid Increased significantly from baseline; 322 :±. 22 to 415 

± 35 IJmol/L ln the F-group (p<O 0001) and 295 ± 12 ta 402 ± 25 umol/L in the P-group 

(p<O.0003) This increase was not different between treatment groups. Finally, there was an 

initial transient slgnificant increase in serum AST du ring the tirst week of the VLCD (p < 0.001), this 

increase was not signiflcantly different between treatment groups. Levels of AST were no longer 

different from basellne dunng the subsequent two weeks of the VLCD. Both fasting blood 

glucose and Insulin decreased slgnificantly during the VLCD (p<0.0001 and p<0.0003) and this 

decrease was similar in bath groups. There werc no other significant changes in biochemical 

tests in oither treatment group 

7.3. Weight loss and N Balance 

Changes in body welght are 5ummarized in Table 6 and Figure 2. Average baseline 

weight in the F-grour was 91.5 ± 3.7 kg and 92.8 ± 3.2 kg in the P-group (weight range for 

n=20' 74.6-1128 kg) There was no difference in mean weights between groups (p=0.7) and 

no signlflcant changes occurred over the baseline period tP=0.466). Weight decreased 

signiflcantly over the VLCD period (p<O 0001) but was not different between groups. Weight loss 
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at the end of the VLCD was 7.9 ± 0.5 kg and 7.3 ± 05 kg in the F- and P-groups respectlvely. 

However, the rate of weight loss during the final week of the VLCO was -026 kg/day for the F­

group and -0.21 kg/day for the P-group (p=O 05) From the last inpatlent wûigl1t ll1ûasurûmont 

to the final day of the BOO, two months later, there wore slgnlflcant Cllélllg0S in wClgl1t ovor tllno 

(p<0.0048) and there were significant differences in welght change between groups (p<O 0053) 

There were signiticant changes in weight trom the last day of the VLCO to one month of the BOO 

(-2.1 ± 0.5 kg, p<0.0034) and further significant decreases between ono and Iwo Illonths of tllo 

BDD (p<0.0167) in the F-group such that a total of 3 5 ± 0.9 kg were lost during tl1e BOO period 

ln contrast, the P-groups's mean weight dld not change signlficantly from U1e last Inpatlent day 

to either one month (0.5 ± 0.5 kg) or two months of (-02 ± 08 kg) of BOO Sy tho fln81 day of 

the BOO, body weight had decreased 11 0 ± 1.1 kg ta 80 6 ± 3 5 kg III the F group and 7 0 ± 

1.0 kg to 85.9 kg in the P-group. Ultimately, the F-group lost signlficantly more welght during the 

entire protocol th an the P-group (p<0.015), with weight decreasing 12.0 ± 1.2% and 74 ± 1.4% 

respectively. The cv of final weight loss among the F- and P-subjects wes much highor than 

during the VLCD alone, 32.5% and 46.4% respectively. 

N balance results are summarized in Table 7 and Figure 3. Subjects in the F-group were 

in N-equilibrium during the baseline diet, P-subjects, Ilowever, were in slightly positive N balance 

(0.8 ± 0.3, p<0.03). There was no significant difference ln N balance at baselrne botwcon the 

two groups (p=0.48). The balance fell to -3.7 ± 0.4 g/day and -4.6 ± 0.5 g/day durmg the flrst 

week of the VLCO in the F- and P-groups respectively. Sy the end of the second week, N 

balance became less negatlve in both groups and remamed in slight negntlve balance durlng the 

third week of the VLCD. Throughout the VLCO, N-balance was slgnlflcantly lower than ba50line 

in both treatment groups (p<0.01) There Wbre no slgniflcant dlfference between tho F-group 
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and P-group in N balance at any tlme during the inpatient study. Cumulative N losses dunng the 

VLCD were 61 1 ± 48 9 and 71.:' ± 6.6 g in the F- and P-groups respectively. 

Usmg the factor of 31 25 to convert N to lean wet tissue, the total mean loss of lean tissue 

at the end of the VLCO was 1 9 ± 0 2 kg and 2.2 ± 0.2 kg for the F- and P-groups respectively. 

These losses account for 26.1 ± 2.0% of the total weight lost in the F-group and 32.3 ± 3.7% 

ln tho P-group 

7.4. Resting Metabolic Rate 

Changes in RMR are summarized in Table 8 and Figure 4. Initial average resting 

metabolic rate was 1 12 ± 003 kcal/min in the F-subjects (n=10) and 1.09 ± 0.04 kcal/min in 

the P-subJects (n= 1 0), (AMR range for n=20: 0.94 - 1.28 kcal/min). Baseline RMR was not 

significanUy dlfferent betWf>8n the two groups (p=0.44) Interindlvidual variability in baseline 

RMR was typicdlly high, wlth cv's of 7.9% and 10.3% for the F-group and P-group respectively. 

RMR did not chançe signiflcantly during the baseline period (p=0.49) and intraindividual 

vanabllity was minimal (cv = 2 2 ± 0.3%) Measured baseline AMA and predicted RMR using 

the Harris-Benedict (1919) and Owen et al (1986) equations are shown ln Table 9. The RMR 

(n ==20) by ventilated hood was 6.1 % lower than predicted by the Harris-Benedict equation 

(p<O 05) and 89% hlgher than predicted by the Owen equation (p<0.05). 

There was a significant change in RMR over the VLCD period (p<0.0001). Final inpatient 

values of RMR (kcal/mln) were 1.05 ± 003 ln the F-group and 0.98 ± 0.03 in the P-group. This 

corresponds to a percentage change of -6.7 ± 1.2% and -9.7 ± 1.5% respectively from baseline. 

The effect of fluoxetine vs. placebo on the change in RMR over the entire 3 week period was 

borderllne signlflcant (p<0.09). However, analysis of data grouped weekly during the VLCD 

produced different results. During week one of VLCD, there was a significant effect of treatment 
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on RMR (p<O.04). For the F-subjects, RMR first increased significantly (p<O 002) and then 

returned ta baseline levels by day 6. For the P-subjects RMR decreased slgnlflcantly (p<O 035) 

This significant treatment effect disappeared dunng the second weck of tl1e VLCD (p -'037) 

RMR was below baseltne by the end of the second week in both groups (p<O 003), but the 

RMR's of the F-subjects fell below baseline after 9 8 ± 0 88 days, whereas RMR of the P-subJects 

fell below baseline after 5.6 ± 0.62 days. This dlfference is statistlcally signlflcant (p < 0001) Sy 

the third week of the VLCD, the treatment effect agam approached slgnlflcance (p < 007) This 

was mainly due to a general increase III RMR on day 17 ln ttle F ·subJects resultlng ln a slgnlflcant 

difference between treatment groups at that tlme (p < 0 024) RMRs contillucd to bc signiftcantly 

lower than baseline in both F- and P-groups (p<0.0001) by the last day of the VLCD. Thore were 

no further signiticant changes in RMR trom the last inpatient measurement to measurements 

made after one and two months of the BOO. RMR remalned slgnlflcantly lowor than basohne 

during the BOO in bath the F-subjects (p<0.008) and P-subjects (p<O 017) Howevor, thore was 

a treatment effect for the change in RMR from the last inpatient measuremont (p<O 025) This 

difference derives from the nonsigniflcant decreasing trend III RMR ln the F-group and the 

nonsigniticant increasing trend in the P-group By the final day of the BOO, RMR had fallon 0 091 

± 0.027 kcal!min ta 1.03 ± 0.027 kcal!mln and 0.066 ± 0.023 kcal!mln to 1 024 J: 0029 kcal/min 

in the F- and P-groups respectively This change in RMR was not slgnlflcantly dlfloront botwoen 

groups. This represented a percentage change from baseltne of -7 9 ± 25% ln tho F-group and 

-5.7 ± 20% ln the P-group. 

7.5. Thermie Effect of Food 

Mean TEF values of both groups at baseline, and after the VLCO and BOO are presented 

in Table 10 and Figure 5. l here were no signtficant differences in TEF at basolino, after the 



78 

VLCO and after the BOO. Furthermore, both groups had similar TEF values before and after 

weight loss. Neither fluoxetine, nor weight loss were detected as having an effect on TEF. 

7.6. Basal Temperature 

Changes in basal temperature are summarized in Table 11 and Figure 6. Initial average 

basal temperature in the F-group was 36.5 ± 0.2oC (n=9) and 36.5 ± 0.1 oC in the P-group 

(basal temperature range for n=19: 35.4-37. 3°C). There was no difference between groups 

(p=0.92) and basal temperature did not change significantly over the baseline period (p=0.67). 

There was not a signifteant effeet of time for basal temperature from basehne over the length of 

the VLCD in elther treatment group (p=0.37). However, there was a significant treatment effect, 

whereby F-subjects had significantly higher basal temperatures during the VLCD than the P­

subjects (p < 0025), wlth a mean increase of 0.28 ± 0.1 oC versus a mean decrease of -0.12 ± 

1.2oC in the P-subJects. Temperature increased almost concurrent to the start of the active study 

medication, with changes approaching significance on day 2 and 3 of the VLCD period (p<0.06 

and p<0.07). The maximum increase in temperature reached by the F-subjects was 0.4 ± 

0.16oC on days 10, 12 and 18 

The tlming of the post-ovulatory phase of the menstrual cycle was recorded in the 

treatment groups in order to rule out the possibility that temperature changes observed in the 

F-group were due to a disproportionate amount of subjects being in that phase during the VLCO. 

The results show that 4 subjeets in the F- and P-groups were in the post-ovulatory phase during 

week one of the VLCQ, 2 and 3 subjects in the F- and P-groups respectively during the second 

week, and 3 subjects in each treatment group during the third week of the VLCO. One subject, 

G.G., did not rnenstruate during the inpatient portion of the study and information about her last 
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menstrual cycle was not obtained. Therefore, the results are based on 9 subjects in the F-group 

and 10 subjects in the P-group. 

7.7. Thyroid Hormones 

Changes in thyroid variables are summarized in Table 12 and Figure 7. Baseline 

concentrations of T 4' free T 4 index, T 3' free T 3 index and T 3 uptake were similar in both treatment 

groups and there were no significant variations during the basellne penod. The results show no 

difference in the responses of subjects in the two treatment groups. In contrast, there was a 

significant effect of time on the change in serum T4 tram baseline (p<0.03) with levels Incroasing 

after one week of VLCD (p<O.054) and subsequently decreasing, such that ultlmately T4 levels 

were not different from baseline. Serum T3 1evels decreased significantly over time (p<O 0007) 

in both groups. This decrease was significant for ail three weeks of the VLCD T 3 uptake 

increased significantly over time during the VLCD (p<0.0023). Free T4 index dld not change 

significantly during the VLCD from baseline levels in the F-group. However, during the second 

week of the VLCD, levels were significantly higher th an baseline ln the P-group (p <0.008). Free 

T3 index decreased significantly in both group~ with the anset of the VLCD (p<O 0001) but did 

not change within the VLCD period. Desplte the changes Î'l the thyrold Indices, ail 

measurements remained within normal limits. 

7.8. Catecholamines 

Changes in urinary catecholamines are summarized in Table 13 and Figure 8 Baseline 

excretion of dopamine, norepinephrine (NE), metanephrine and normetanephrine were not 

significantly different between the F- and P-groups. However, excretion of epinephrine were 

significantly different (p<0.05), aithough in ail cases, levels were within normallimits. Statistical 
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analysis of the catecholamine data were based on the absolute changes frorn baseline for each 

variable, thorefore the dlfference in baseline epinephrine levels is eliminated (with respect to the 

statistlcal analysls). The results for dopamine, norepinephrine, metanephrine and 

normetanephnne shüwed no difference in the responses of F-subjects or P-subjects. In ail cases, 

levels decreased significantly during the VLCD. In the cases of dopamine, norepineprhine and 

normetanephrine, levels decreased significantly by the tirst week of the VLCD (p<O.0001 for ail). 

ln contrast, the decrease in metanephrine reached signiticance during the second week of the 

VLCD and remamed reduced throughout the third week. Epinephrine did not change significantly 

with time during the VLCD but there was a significant effect of treatment (p<O.011). There was 

no change ln eplnephrine levels trom baseline during the tirst two weeks of the VLCD in the P­

group. F-subJects, 011 the other hand, had significantly higher urinary epinephrine levels during 

the VLCD th an baseline period with a maximal increase of 28 ± 7 nmol/d (p<0.0044) during the 

second week of the VLCD. Epinephrine increased significantly in the F-group within the first 

week of the start of the active study medication and remained significantly elevated through the 

second week of the VLCD It was no longer significantly elevated by the third week of the VLCD. 

The data were analyzed based on 9 subjects per group because two urine samples were lost 

(one per group) during the VLCD. 

7.9. Oral Glucose Tolerance Test 

The normal ranges (based on lean individu ais) used for fasting serum glucose and insulin 

were 3.9-6 1 mmol/L and 35-145 pmol/L (Wallach, 1981) Normal ranges (uased on lean 

individuals) used for a blood sample taken two hours after a 75 g glucose load were glucose 

concentration below 7.8 mmollL and insulln levels below 1078 pmol/L (National Diabetes Data 

Group, 1979). Accordlng these criteria described above, eight subjects were categorized as 



81 

glucose intolerant/insulin resistant and eight subJects were categorized as having a normal 

glucose tolerance/insulin sensitive (this categorization was done on subJects who underwent the 

modified OGIT prior to treatment randomizatlon) Ot the 8 sUbJects ct1aractenzed as Intolerant, 

4 were subsequently randomlzed to the F-group and 4 to the P-group Since subJccts with 

glucose intnlerance were equally distributed among the treatment groups, there is no posslbllity 

of a confounding effect due to this factor. Mean fasting serum glucoso and Insuhn for the 

resistant and sensitive groups were 5.4 ± 0.9 mmol/I, 184 1 ±620 pmol/l and 4 8 -t 06 mmol/I, 

160.5 ± 44.8 pmol/I respectively. Two hours after a 75 9 glucose load serum glucose was 9.6 

± 1.7 mmol/l (p<O.047) and 6.7 ±0.8 mmol/l (p::O.08) and Illsuiln levels were 1335.7 ± 7283 

pmol/l (p=0.137) and 290.7 ± 109.9 pmol/l (p=0.291) ln the resistant and sensitive groups 

respectively. From the data obtained through the modified OGIT, prerandormzatlon basellno TEF 

values were separated and compared using an unpaired He st based on whether subJects wore 

normal or glucosA intolerant/insulin resistant Normal subjects had a TEF of 881 .t 097% vs 

7.79 ± 1.05% in the glucose intolerant/insulin resistant subjects when expressed as a percent 

increase above the RMR. We were unable to detect any difference ln the TEF bctwoon those two 

groups (p=0.5). Also a significant correlation between degree of obeslty (%IBW) and fasting 

serum insu lin was not detected (r=0.215, p=0.363). 

8. DISCUSSION 

The main question addressed by this study was whether administration of fluoxetine 

would modify energy expenditure in obese subjects dunng weight loss. It was hypothosllCd that 

fluoxetine would blunt the decrease ln RMR in obese subjects on a VLCD, Increase the thermlc 

effect of a glucose test mea!, and maintain the RMR at a hlgher level dunng a ADD when 

compared to placebo. Instead, the present results Indicate that fluoxetine glvon at the same Ume 
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as a VLCD increased the RMR. This effect was only temporarily, tor the RMR subsequently 

dacreased in the way typical of adaptation to energy restriction. Fluoxetine administration did 

not increase the thermlc response of a glucose test meal during weight reduction and it did not 

rasult in the RMR remaining higher du ring the 800. Importantly, fluoxetine increased basal 

temperature, a condition which was sustained throughout the VLCO. 

Several factors are known to play important roles in regulating energy expenditure. The 

primary Imown mechanlsms which operate to control the facultative component of the RMR in 

humans involve the activitles of the SNS and catecholamines and thyloid hormones. In addition 

to changes in body temperature and body composition, which themselves change AMR, these 

other factors could also partly explain the findings in this study. Therefore, urinary 

catecholamines, and several thyroid hormones were measured. The results of these 

measurements do not indicate a clear difference between the F- and P-groups that would 

account for the differences in RMR and body temperature that were observed. 

8.1. Restlng Metabolic Rate 

Within three days of concurrent fluoxetine and the VLCD, RMR increased significantly trom 

baseline levels but then gradually decreased as dieting continued. The RMR of the F-subjects 

remained abovo thelr baseline throughout the first 12 days of the VLCD. VLCD dieting alone was 

associated wlth a steady reduction in RMR. Figure 4 illustrates that after the tirst week of the 

VLCD, the decreasing trend of RMR in F-subjects follows a similar pattern as in the P-subjects, 

except that the RMR of F-subjects remained consistently highel'. AMR has been reported 10 

decrease 8-20% (Table 1) after approximately three weeks of moderately severe energy restriction 

(Welle et al 1984; Garrow & Webster, 1989; Hendler & Bonde, 1988; Fricker et al. 1991). This 

suggests that fluoxetine has an immedlate effect on RMR, but this effect does not block its 
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adaptive decrease during energy restriction, an effect mediated in part by decreased T3 and SNS 

activity. Our results for the P-subjects (-9.7%) agree wlth other reports for RMR reduction during 

a VLCD. The 6.7% decrease observed in the F-subjects 15 somewhat lowor 

Fenfluramine has recently been shown to Increase the RMR 6 9% in wOlgl1t stable obese 

subjects after acute administration (Scalfi et al. 1993). No other study to our knowlodge has 

demonstrated a similar effect in this drug or any other serotonin agonist in obese subjocts in 

negative energy balance. Nor has this been demonstrated after chromc administration in the 

present study; RMR was measured 24 hours after the last dose of the drug. In thls study, we 

report an increase in AMA in obese subjects actively 10sII1g weight on a VLCD, with fluoxetine 

administration. 

The most significant finding in this study which supports the contontion of a thormogenic 

effect of fluoxetine is the significant inerease in basal temperature among the F-subJects To our 

knowledge no other study has deseribed this effeet before. The almost Immediate ineroase in 

temperature eould aceount for the increase in RMR Slnee every 1°C inereaso in body 

temperature increases AMA by 13% (DuBois, 1954), the mean temperature inereaso of 0 3°C on 

day 3 of the VLCD is consistent with the observed 4.4% increase 111 RMR. 

Figures 4 and 6 demonstrate the parallel inerease in AMR and temperature that oecurrod 

during the first week of the VLCD. During the subsequent 2 weeks ot the VLCD, howovor, 

temperature remained elevated but the AMA deereased. That AMR decreased desplte the 

temperature elevation, suggests that heat loss trom the body decreasos ln parallol to the 

decrease in AMA thus allowing temperature to be maintained. This deeroase in heat dissipation 

is not unique to the fluoxetlne group. for temperature was also malntalned ln the placebo group 

despite the signifieant deerease in AMR. 



84 

Central serotonin systems affect thermoregulation in several species (Myers & Waller, 

1978). It is therefore possible that fluoxetine stimulates centrally mediated mechanisms 

controlling tempcrature in humans. The present data raise the possibility that the thermogenic 

affects of fluoxetine are not medlated directly through thyroid hormones or SNS activation, but 

are due to a direct effect on the temperature regulating centre of the brain, ln effect resetting the 

"thermostat", which secondanly increases thermogenesis to maintaln the new higher body 

temperature Additionally, it appears this effect was insufficient to prevent the decrease in RMR 

induced by the normal adaptation to semistarvation. Hence, the effect of fluoxetine to increase 

energy expendlture to malntain body temperature is not sustained during the adaptation to 

semistarvation. The Increased body temperature under these circumstances is presumably 

maintained by voluntarily increasing body insulation (Figure 9). 

Fluoxetine is not the only serotonergic drug reported to increase body temperature in 

humans. As was discussed earher, fenfluramine increases temperature in rats and chickens 

(Tagliaferro et al 1982; Sulpizio et al 1978, Frey, 1975). However, these temperature effects 

oceur after acute administration of fenfluramine in doses much higher th an used clinically, and 

the dose of fluoxetlne used in this study (8, 13, or 20 mg/kg body welght). ,c... temperature 

elevating effect of fenfluramine has not been reported in the clinical trials. The phenylpiperazine 

compound, M-chlorophenylpiperazine (M-CPP) (a metabolite of the antidepressant drug 

trazodone) has also been shown to increase body temperature in weight stable healthy 

volunteers in single-dose studies (Mueller et al. 1985; Mueller et al. 1986; Charney et al. 1982). 

Temperature elevations were in the order of O.50 C following acute administration of 0.5 - 0.75 

mg/kg M-CPP Research on the properties of this compound has focused on its potential use 

as a pharmacologlcal probe of serotonergic responsivity in human. This agent is not used 
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clinically, and it is unknown whether its effects on temperature would persist witl1 chronic use, 

nor which receptors M-CPP directly influences in hum ans. 

The temperature elevating effect of 60 mg fluoxetine given chronically is a novel flllding. 

This increase in body temperature may not only explain its thermogenlc propertles but, could 

also relate to sorne of its anorectic properties. Body ternperature has t)oen descnbcd as a 

nonchemical correlate of food ingestion. The increase in metabollc rate Inc!uced by eatlng tonds 

to raise body temperature slightly and this constitutes a signal inhibltory ta oatlng Il is possible 

that the increase in basal temperature caused by fluoxetlne lowers the "thrcshold" tcmporature 

at which an inhibitory signal is transmitted following food Ingestion, thereby resultlng 111 oarller 

feelings of satiety and less total energy intake withln a meal. This speculation filS in weil wlth the 

satiety effects of fluoxetine (Clifton et al. 1989). 

Ovulation produces increases in body temperature. This factor can however be ruled out 

as one of the causes of the increase in basal temperature among the F-subjects becauso the 

post-ovulatory period was similarly distributed throughout the VLCD between the two troatmont 

groups. 

The temperature data obtained in this study also provides surprising eVldenco that the 

onset of action of fluoxetine is much earlier than expected. From the 4 day half-llfe (jescribod 

for fluoxetine, full effect was only expected to be seen after about 4 haif-llves or 16 days, and 

while this may be true of its antidepressant or anorectlc properties, It does not seem ta be the 

case for its effects on temperature. The only other reference to an immediate effect wlth 

fluoxetine administration is from the clinical observations made by a psychlatrist The doctor 

noted that after switching one subject trom a tncyclic antldepressant to fluoxetlne "she bccame 

almost hypomanic for a time and then settled down sonlewhere Just above euthymla" (Kramer, 
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1990). Thus, our results provide new Information about the effects of fluoxetine on basal 

tempe rature and on the onset of action of the drug wlth respect to Its thermogenlc propertles. 

Wlth respect to the hormonal/neurotransmitter factors, the catecholamine data obtained 

in this study are consistent wlth the wr.:lll-known link between energy Intake and SNS activity 

(Young & LanrJsberg, 1977a; Shetty et al. 1979; Kolanowski et al. 1975; Davies et al. 1989; 

Bessard et al 1983). In our study unnary norepinephrine decreased by 34% in the F-subjects 

and 49.6% in the P-group during the VLCD. Unnary dopamine, metanephrine and 

normotanophrine excretlon also decreased in both groups. Taken together with the significant 

decroasos ln noreplncphnne oxcretlon, these results are consistent with the conclusion that SNS 

actlvity decreasos in responso to a VLCD Contrary to our results with norepll1ephnne, however, 

unnary opll1ephnne excretlon Increased slynlflcantly in the fluoxetine group, whereas no change 

ln ils oxcretlon occurrod ln tho placebo group. Our placebo group responded exactly as would 

be expected from proVIOUS results (Davies et al 1989; Pasqua" et al. 1992, Bessard et al. 1983). 

Tho incroaso III urinary epinephnne excretion in the F-group suggests an increase in adrenal 

modullary oplnoptlnnc secretion (Landsberg & Young, 1983) An Increase of this magnitude has 

proviously beoll reportod ln normal male volunteers subjected to short-term total fasts (Cryer, 

1980) It IS not clear from the IIterature however, whether the 27% II1crease dunng the first week 

of the VLCD IS onough to actually increase the RMR. In fact, there was no correlation between 

the changE' in eplnephnne excretlon and the change in RMR (r=0.203, p=OA05). Furthermore, 

allhough by the second week of the VLCD, epinephrine excretlon had risen maximally by 58%, 

the fall in RMR was no dlfferent in the F-group than in the P-group. These findings suggest that 

fluoxetllle-mduced epinephrlne secretion is not the primary determinant 0f the elevated RMA. 

Sodium Intllke on tl1e VLCD was 40 mmol/day (40 meq), close to the cutoft point of 50 

mmol/day, at which accordlilg to Romoff et al (1979) sodium intake will stlmulate norepinephrine 
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and epinephrine production despite a low €."eryy and carbohydrate Intake Our results do not 

agree with these suggestions posslbly because the sodium Intake was hlgh enol/gl, not to 

interfere with the effects of a restncted nutrlent intake. Tll0 reductions 111 unnary excrctiol1 we 

observed in norepinephrine agree with other published results where the sodium intake was >40 

mmol/d (Oavles et al. 1989; Pasquall ot al 1992). 

The second factor playing a key role ln the regulation of energy expcndltUio me tllO 

thyroid hormones. As was expected, T4 levels remall1ed relatlvely unchanged whlle T3 lavels 

declined significantly during the VLCO (Oavies et al 1989, Young & Landsberg, 1977b, Wello et 

al. 1984; Hill et al 1987; Krotklewski et al. 1981). Serum T 3 docroased by 20% ln both F - and 

P-groups withln the first 'Neek of the VLCD Sy the end of the VLCO, T 3 had fallen 40% ûnd 29% 

in the F- and P-groups respectively. The decrease in T 3 concentration ln the present study 

conflrms what several other groups reported (Stletty, 1990, Gelfand & Hondler, 1989, A/III, 1978, 

Danforth & Burger, 1989), none of which, however, provide clear understandll1g of tho role of 

reduced T 3 concentrations in medlating changes in metabollc rate dunng somlstarvallon ln fact, 

there was no correlation between the change in T 3 and change ln RMR in our study (r -= -0 35, 

p=O.246). For example, T ~ levels decreased 20% ln the tirst week of the VLCD, but thero was 

no decrease in RMR in the P-group. Furthermore, the simllar decrease ln T 3 111 the F group with 

the concurrent II1crease in RMR strongly suggests that the themllc effect of fluoxotlne is not 

mediated via thyroid hormone metabolism. The slgnlficance of the transient 7% II1croase 

(p=O.05) in the T4 in both groups IS difficult to determine and although not a common rosult, IS 

not a unique observation (Krotkiewski et al. 1981 ; AZIZi, 1978) 

The thlrd factor thought to play a role in regulating energy expendlture is insulin The 

decrease in serum insulin levels in both the F- and P-groups supports what other investJgators 

have reported (Cllfton et al. 1989; Durnin, 1967, Krotkiewskl et al 1981) Wlthin the flrs! week 
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of the VLCD, insulin levels fell by one third in both the F- and P-groups and remaincd decreased 

throughout the VLCD Glven that the thermie effect of Iflsulin is partlally Illcdiatcd by SNS 

activation, our r€'sults provlde SOille support for thls relatlonstllp. 

ln summary, current knowledge Indlcatcs that the decrcased encrgy cxpcndltulc that 

occurs dunng semlstarvatlon involves cllanges III Si\JS actlvlty, thyrold hOI monos and IIlsulin 

Measurements of plasma hormones and unnary catecholamllles glvc an Illcornplcto VIOW of 

hormonal status and SNS activlty wlthout study of hormone klllOtlcS and receptor brndrng. 

Nevertheless, our flndrngs are consistent wlth Ule hypothesls that tllyrold, IIlsulin alld 

catecholamine hormones/neurotransnlltter have a key rogulatory roll' FluoxotlllC doos not 

appear ta increase energy expendlture by stlmulating SNS actlvlty or T j fïucxctlllO seorns to 

interact with catecholamine metabolism, but its main effect on RMR appcnrs to be ttllOUgh body 

temperature. However, the exact mechanism by whlch fluoxetlro Inejuces Its translont 

thermogenic effect du ring a VLCD is not completely answered by our present rcsults 

The total welght loss over the 3-week VLCD penod wa5 simllar for both treatrnc;'u groups 

and comparable to previous reports with thl5 type of dlet (Krotklowskl ct al 1981, Oavles et al. 

1989; Cohn et al. 1981; Fricker et al. 1991; Welle et al 1984). It is notcd, howc\'cr, tllat wClght 

loss of the F-group during the final week of the VLCD was signlflcantly greater than for the 

placebo group (P = 0.05). It can be assumed by this stage of a VLCD that nrmadlpose 

extracellular fluid and glycogen losses are trivial Under these conditions, It IS pOSSible ta 

calculate the relative contributions of lear. tissue loss (from N balance data) and adipose tissue 

Joss (tram energy balance) For example, welght 10ss ln the P group can be predlctcd aS'Jumlng 

that 1 9 negative N balance is equivalent to 31 9 of le an tissue loss and 100 kcal negat:vo energy 

balance is equivalent to a loss of 10.6 9 of pure fat, and 12.2 9 of adipose tISsue (assumlng 9 45 

kcal/g fat, and adipose tissue is 85% pure fat) (Hotter et al 1985) If is assumed that total energy 
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expendlture ln the P-group was 1.5 X AMR du ring the final of dieting, their predicted total weight 

loss IS 0202 kg/day, a value that IS wlthin 4% of the observed weight loss (p=0.7). Thè 

difference ln welght loss between the treatment groups Implres there 'Nas a 400 kCJI/day higher 

dally energy expenditure ln the F-group 

Indeed. although not statlstically slgnrflcant, there was a 100 kcal/day higher AMR in the 

F-group dUrlrlg thls 7 day penod The statistical power 01 this analysis is 0.52, given a between­

subJect varrablllty of 0 05 kcal/mln and a total of 10 suûjects per treatment group Therefore, it 

is possible and plausible tl1attl18 6 5% difference ln RMR was significant during the last week of 

the VLCD 

Howe\ler, even If It IS assumed that RMR was indeed 6.5% greater in the F-group during 

thls perrod, thls is insufflelent to fully account for the difterence in observed weight lasses. For 

example, a simllar céllculation to that do ne for the P-group rredicts a we' Jn t loss of 0.222 

kcal/day bV the F-group, 15% less than observed (p < 0.0001), and leaves 38 g/day of greater 

weight loss ln the F-group unaccounted for. This suggests that some components of energy 

expenditure other th an the AM A, was greater in the F-group th an in the P-group. Of the different 

factors that contnbuto to the non-resting component of energy expenditure, fidg,~ting is one that 

has been Idelltlfled as a possible explanation for dlfferences in 24-hour energy exper.diture 

(Ravussin et al. 1986). Anotner possible source of the difterence in energy expendlture may be 

tha! F-subJects had to genb.ate more heat than P-subjects to maintain theïr elevated body 

temperature. ThiS IS possible, since except for the brief period in the RMH test room, where 

ambient temperature was camfully controlled, the living quarters of the CiU were not kept within 

thf! thermoneutral range. 

OUI ing the outpatient phase of the study, F-subjects lost considerably more weight than 

the P-subjecis, W:l0 actually gained a small, statistical;y in"3ignificant amount of weight bctween 
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the end of the VLCo and the end of the BOO, ln contrast to the VLCo welght loss, vanablilty 1/1 

total welght loss trom basellne to the end of the BOO 15 conSlcel able, suggestlllg that adhorcl1ce 

to the BOO was variables The greater welght loss among F-subjccts seerns to confllrn the 

knnwn &norectlc effect of fluoxetille However, no data were collected ta enable us to conclude 

that F-subjects adhered better to the BOO than P-subjects 

Fluoxetlne dld not produce gre8ter body N losses than placebo It has been calculated 

that the eXC8SS welght ln obeslty IS 70-78% fat and 22-30% lean tissue (Forbos, 1987) Tho 

calculated losses of lean and fat mass 111 both F- and P-groups are consistent wlth th,s 

composition of weight loss Lack of a dlfference ln N-balance between the two grours mdlcates 

that fluuxetine does not potentlate energy expendlture by spanng lean tissue dUring Wülght 1055, 

,10r, did the increased RMR Induced by fluoxetlne result ln proteln wastlng Compared to the 

incidence of side effects reported for F-treated patients (Wise, 1992), fewer were rcported ln th,s 

study where fluoxetlne treatment was comblned wlth a VLCD Slnce N-balanco data woro not 

obtained during the BOO, we cannat draw conclusions about the lùnger term affects of fluoxotme 

on N-balance; however the tontinued welght loss combined wlth the stable RMR 111 F subjocts 

during the BOO provldes some eVldence that fluoxetlne does not Increase N cxcretlon ln the 

long-term, The increased rate of welght loss Induced by fluoxetlne dunng the final week of the 

VLCo is evidence of fluoxetlne's thermogenlc propertles The most IIkely explanatlon for tlw 

greater total weight loss dunng the BOO was a -Jecreased food Intake among the F-subJocts, was 

probably due to fluoxetlne's anorectlc properties, 

8.2. Thermie Effeet of Food 

The second major question addressed in thls work was whether fluoxetlne administration 

• would potentiate the thermic effect of a glucose test meal. Contlary to our hypothesis, chronlc 
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fluoxetine administration (60 mg/d~y) does not potentiate the thermie effect of glucose in obese 

women followmg a VLCO or BOO The baseline TEF data obtained ln thls study IndICé.!~ +"at 

1125 d of glucose Increases the RMR by 8 14 ± 0.81 % in the F-subjects and 8 66 ± 1.11 % in 

the P-subjects, when expressed as a percent of the energy content f)f the test meal the TEF is 

4.49 ± a 40% and 4 52 ± 049% respectlvely ln obese subjects wlth normal glucose tolerance 

the thermlc response to a 75-100 9 or81 glucose load is 6 ± -2% (% over energy load) (Simonson 

& DeFronzo, 1990, Nalr et al 1983) Among subjects wlth impaired glur:ose tolerance and/or 

in5ulln resistance the TEF IS rbported ta be sigr .iflcantly iower (Golay et al. 1982, Felber et al. 

1981) Wllen expressed as a percent Increase over RMR. thé TEF of glucose ln obese subjects 

is reported by two gr'Jups to bt? 12.2% (Welle & Campbell, 1983) and 8.5% (Schutz et al. 1984b). 

The present baseline results comlJare wlth the lower end of the reported ranges. Part of the 

discrepancy b'3tween the present data and the hlgher TEF results rnay be because of differences 

in the TEF test protocol Welle et al (Welle & Campbell, 1983) took blood samples every 30 

minutes dunng the 3 hour test which may p03sibly Interrupt the rested state required by these 

measurements Furthermore, they reported a 5% increase over baseline RrvlR with a noncaloric 

tee:.:. meal over 3 hours. This 5% possibly represents nonspecific stimulation of their testing 

procedures and if subtracted frcm their TEF results (12.2-5 = 7.2%) puts their results in line with 

mine. Finally, our subjects were given breaks, \!"/hich most subjp~ts used as an c.pportunity to 

urinate. Followlng the consumption of 400-500 ml of fluid in the fasted state, it is not 

I.Inreasonable to consider that the urgency to void after approximately one hour can increase 

energy expondlturc, such urination breaks were not mentioned as part of other TEF test 

protocols (Naïr et al 198'3, Schutz et al 1984b) 

The TEF did not change in either the F- or P-group after the VLCD and after the BOO. 

This lack of change in the TEF following weight loss is in agreement with some {Nelson et al. 
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1992; den Sesten et al 1988; Clugston & Garlick, 1982, Sessard et al 1983, Hendler & Bonde, 

1988) but is at vanance wlth other studles reportlng a reduced TEF altor WClgtlt loss (SctlUtl ot 

al. 1984b; Aptelbau'll et al. 1971) Thus ehronic fluoxetlne admirllstratlon ln cornblnatlon wlth a 

3 we6K VLCD and a 2 month BDD did not potentiate the TEF in our obese subJeets Glven tlle 

tarce Interindivldual variability of 377% tor the TEF, the number of suüjeets that would have been 

needed to show a cllnlcally slgnlficant change is mOle than double th an ttlat presont ln UliS 

study. We cannot, therefore, rule oui the pOSSlblllly ttlat Hw flndlng of 110 Cllé\ngc 111 U10 TEF 

tollowing trealment is taise. It IS dlfficull to compare our results to tllose of tl1e tenflurarnll10 

studies i'1 which TEF increased, because of the major dlfferenee ln protoeol The s.1ucl:es 

reporting increased TEl=s with fenfluramine Involved welght stable lean subjects (Trolano ot al 

1990; Mun~er et al. 1988) or weight stable obese subJects (Scalfl et al 1993) and ln ail cases 

involved the acute effects of fenfluramme (1 e drug was adrnlnlsterod al U1C sarne tli~C as Hw tost 

meal), whereas in the present study the most recent dose of fluoxetlne vvas 24 hours betore No 

con:lusion can be made about the effects of fluoxetine under conditions slmllar to those 

described for fenfluramine; however, the longer peak action of fluoxetll1e th an fenfluramlno leads 

me to predict that it would 'lot potentiate the TEF If adminlstered aculely wlth foo(J 

The 1=-, esent study also addressed the ISSU8 of a rcduced thermie rospoflsC 10 glucose 

among patients with glucose II1toleranc.e and/or II1sulln resistance Data obtalllOcJ uunng the 

baseline period Indicate that 8 subjects had abnormally hlgh fasting serum glucose levels and 

abnormally high insu lin levels two hours after a 75 9 glucose load The thermie effect of glucose 

was not significantly reduced in these subjects compared (by an unpalred Iwo-talled t tast) to the 

12 normal obese subJects and nelther was tlle TEF slgnlflcantly corrolatau wlth the rjc:grlJ0 of 

insulin resistance. It is also Interesting to note, that desplte Improved glucose and Insl.}lin levels 

following weight loss, the TEF did not increase among those subjects with high baseline levels. 
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Thcse results are III contrast to prevlausly reported results (Felber et al 1981; Golay et al. 1982; 

Segal et al 1992) The dlfforence may Just bA a factor 01 the sam pie size and the sam pie 

population studUjd Furthermore, the lasting Insulln levels 01 OUf subJects who had abnormally 

hlgh Insulln levels aftar the 75 g glucose load are much lower than the Insulln reslsté:.nt obese 

subJects dcscnbed by Segal ct al (1992) (18405 ± :'05 pmol/L vs 29317 ± 3086 pmoI/L). In 

lact, our subJects classlflcd as glucose Intolerant/insu lin rcsistant had ta~:tlng levels almost 

Identlcal 10 those subJccts dcscnbcd by Segal et al as belllg Insulln sersltlve (162.01 ± 30.86 

pmol/L) Duc la the nonspeclflclly 01 mast conventlonallmrnunoassays to r:Jlfferentlate between 

Insulln and prolnsulln, It IS not possible to make a direct campanson bet"Veen \1e total insulin 

levels ln our subJccts and îhose of other researchers without knowing the natUll~ of the assay 

usod (Rcdvcn et al 1993) Thus, while our results do not support the relations 'illp between 

Insuhn resistanco and blunted glucose-induced TéF, they do not retute the possiti'ilty that the 

TEF could be reduced 111 the presence of more severe insulin resistance 

8.3. Resting Me~abolic Rate and the Balanced Deficit Diet 

Flnally, our study asscsscd tlle at;dty 01 fluoxetlne administration to maintain the RMR at 

a hlgher lovel campared to basellne levels dunng the BOO, The RMR 'esults obtalned during the 

BOO do not IUlly address this question because wlli1e the F-subjects contlnued to lose weight, 

the P-subJocts dld not. The RMRs are ln tact lower ln the F-group th an in the P-group As would 

be expectcd, the RMR began to Increase in the P-subJects during the 2 months where they were 

wClght stable, suggcstlng that the adaptive mechanlsms whlch slowed their metabolic rate were 

reverslilg (Cohn et al 1981) The F-subJects contlnued ta lose slgniflcant amounts of weight 

dunng ttle BOO and yet thclr RMR dld not decrease slgnllicantly. It IS dlfflcult to draw 

• conclusions Irom these Ilndmgs, nevertheless, It would be anticlpated that the RMR would 
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continue to decrease as long as energy balanc~ was negatlve and subJects arc 10sII1g welght tl1al 

partially includes active lean tissue ThE- fact that RMR failed to decr~ase could oyen suggests 

fluoxetine was induclIlg a positive effe-.;1 on energy expcncJiture The contulUed welght 1055 

dunng the BDD may relate III part to the thC?rmogenlc propcrtlcs of fluoxctille and to Its ano~octlc 

propertles which supports Its known effects an appetlte (Levillo ct al 1989, Wise, 1992, Délrga 

et al. 1991, Marcus et al 1990) Basal temperature, thyrold hormones and unnary 

catecholamines were not measured dunng the outpatlont porlod, whlch IilllltS the abilltlos to 

comment further about the possible mechanlsms of the tl18rmlC eltect of fluoxctlne dUllng tlllS 

phase of the study. Nevertheless, the outpatlent RMR and body welght rcsult::; suggest that 

fluoxetine may have contnbuted to the lack of a fall ln RMR and acceleratcd welght loss by 

increasing energy expendlture . 

9. CONCLUSIONS 

It is concluded that administration of 60 mg per day of fluoxetlne ta obese female subJccts 

dunng a very low energy dlet results ln a transl,mt Increase ln rcstlng metabollc ratc, as weil as 

a sustained elevatlon ln basal temperature, but no potentlatlng eHect on the thormlc eHect of 

glucose elther tollowing a very low energy dlet or followlng a balanced deflclt dlet 

The Increased RMR, taken together wlth the Increase ln basal temperature, suggest that 

brain serotonerglc pathways may affect energy expendlture by dlrectly affectln~ temperature 

regulation From these flndlllgs It IS not certain that the wClght loss observed aftar administration 

of fluoxetille to humans IS entlrely due ta ItS anorectlc propertlcs (Leville ct al 1989, Wise, 1992, 

Darga et al 1991; Marcus et al. 1990); we can however rule out the Involvement of a potentlated 

• TEF Further investigation IS needed to deflne the role(s) of serotonln neurons III hypothalamlc 
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regulatlon of tcmperature and to detlne further the mectlanism(s) by which serotonergic drugs 

affect body welght through anorexla or Increased energy expendlture. 

The Increase ln tempe rature and RMR observed during the flrst week of the VLCD leads 

us to speculatc that If fluoxetlne were comblned wlth a more moderate energy deflclt, a more 

sustalned Incrcase ln RMR cou Id be achleved This in turn could produce relatively greater 

, eight 1055 than by dlet al one The greater effect of metabollc adaptation 10 reduce RMR 

Induced by the VLCO versus the srnaller effect of fluoxetine to Increase RMR secondary to the 

Increase ln ternperature, COL.'ld explaln why RMR dld not remaln elevated throughout the VLCO 

and BOO There may eXlst a speclflc cut off point ln negatlve energy balance beyond whlch the 

thermogenlc effect of fluoxetlne becomes Ineffectlve 

Thorapeutlc application ot fluoxetlne is already justlfled by Its ablllties to produce weight 

loss wlth a relatlvely low frequency of adverse side effeLts Our findings do not support the use 

of fluoxctille as an adjunct to VLCOs because no addltlonal welght was lost and based on the 

lack of slgnlflcant dlfferonce ln N ..:lalance, the composition of the weight loss was also apparently 

not aftectcd Howovcr, the sustailled Increase ln body temperature comblned with the short-lived 

IIlcreasc 111 RMR and the sustailled RMR dUfing the BOO suggest that fluoxetlne combined with 

a BOO could be justltled Agaln, research for thls situation is required before any 

recommendatlons can bc made 

The present results Indlcate, for the tirst time, that tluoxetine, IIke amphetamine and 

nicotine both, reduces energy IIltake and Increases energy expendlture and body temperature. 

ln this regard, further stucles are also necessary to test the theory that body temperature 

regulatlon Illay be IrlVolvcd ln ttlC' control of appetlte and that some anorectic agents may work 

by aiteflilg tornperature regulatlon This consloeratlon ca" also be used to support the theory 

, that certain subsets of the obese population are hypometabollc. Abnormal metabolic regulation 
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couid mean that in order to achleve the threshold temperature at wl1lch the signai ta stop eatll1g 

is transmltted, more food energy than normal must be eonsumed Thus, a doteet ln 

thermoregulatlon may be Imked to abnormal appetlte control 

Overall, the observations made ln this study may be Important ln the treatmont and 

etiology of obesity, partlcularly If a reduced energy expendlture capacity 15 thought ta bo 

involved. 
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TABLE 1. DATA ON THE EFFECTS OF SEMISTARVATION ON RMR AND ON THE EVOLUTION OF THE 
RELATIGNSHIP OF RMR TO FAT FREE MASS (RMR:FFM) IN OBESE ADULTS 
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Table 1 Continued ... 

Refençcs~ 

1 : Bray, 1969 

2' Bessard et aL, 1983 

3' Welle et aL, 1984 

4. Ravussin et aL, 1985 

5 Fincr et aL, 1986 

6 Barrows & Snook, 1987 

7. Hill et aL, 1987 

8: den Beston et aL, 1988 

9. Oavies et aL, 1989 

~O: Elliot et aL, 1989 

11 : Garrow & Webster, 1989 

12: Hendler & Bonde, 1988 

13: Fricker et aL, 1991 

14. Nelson et aL, 1992 



• TABLE 2. NUTRIENT COMPOSITION OF BASELINE DIET, VLCD AND GLUCOSE POLYMER 

~UTRIENT ENSURE OPTIFAST GLUCOSE l COMPOSITION PER 235 ml PER DAY POL YMER 
PER 100 9 

ENERGY (KJ) 1045 17556 1590 

ENERGY (Keal) 250 420 380 

PROTEIN (g) 8.74 70 

FAT (g) 8.84 2 

CARBOHYDRATE: (g) 34.08 30 940 

VITAMIN A (I.U ) 62040 5000 

VITAMIN 0 (1 U) 49.35 400 

VITAMIN E (I.U.) 5.7 3.375 

VITAMIN K (mg) 0.009 0.1 

VITAMIN C (mg) 37.27 90 

FOLIC ACID (mg) 0.05 0.4 

THIAMINE (mg) 0.38 2.25 

RIBOFLAVIN (mg) 0.42 2.6 

PYRIDOXINE (mg) 0.49 30 • VITAMIN 8 12 (mg) O.OO~ 48 0.006 

NIACIN (mg) 4.94 20 

BIOTIN (mg) 0.04 0.36 

PANTOTHENIC ACID 

(mg) 1.25 10 

SODIUM (g) 0.17 0.92 0.11 

SODIUM (mmol) 7.39 40 48 

POTASSIUM (g) 0.28 1955 0.01 

CHLORIDE (g) 0.26 - 0.223 

CALCIUM (mg) 120.0 1000 30 

PHOSPHOROS (mg) 120.0 1000 5 

MAGNESIUM (mg) 50.0 400 

1001 NE (mg) 0.01998 0.15 

MANGANESE (mg) 0.49 4.0 

COPPER (mg) 0.26 20 

ZINC (mg) 3.76 15 

IRON (mg) 223 18 

CHLORINE (g) 014 o 1 

• 



TABLE 3. BASELINE CHARACTERISTICS OF SUBJECTS 

Vanable Fluoxetine 
(n=10) 

Age (years) 32.0 ± 3.2 

Weight (kg) 91.5 ± 3.7 

Height (m) 1.64 ± 0.02 

BMI 8 (kg/m2
) 34.0 ± 1.3 

%IBWb 136.0 ± 5.3 

WaistHip 0.86 ± 0.02 

RMR (kcal/min) 1.121 ± 0.026 

Temperature (oC) 36.5 ± 0.1 

Ali data are mean ± SEM 
a Body Mass Index 
b Ideal Body Weight (based on BMI = 25 kg/m2

) 

Placebo 
(n=10) 

33.0 ± 3.9 

92.8 ± 3.2 

1.65 ± 0.01 

34.1 ± 1.3 

136.7 ± 5.1 

0.83 ± 0.01 

1.089 ± 0.036 

36.5 ± 0.1 

120 



TABLE 4. NUTRIENT COMPOSITION OF BALANCED DEFICIT DIET 

-

Variable Fluoxetine Placebo 
(n= 1 0) (n= 1 0) .-

Carbohydrate (g/day) 152 ± 4 151 ± 7 

Protein (g/day) 75 ± 1 71 ± 2 

Fat (g/day) 37 + 1 35 ± 2 

Energy Intake (kcal/day) 1239 ± 15 1199 ± 16 

(kJ/day) 5179 ± 63 5012 ± 67 

ALL DATA ARE MEAN ± SEM 



- e e 12~ 

TABLE 5. PLASMA ASPARTATE AMINOTRANSFERASE (AST) , PLASMA URie ACID, PLASMA 
GLUCOSE AND PLASMA INSULIN CONCENTRATION BEFORE AND AFTER A VLCD AND 
FLUOXETINE (n=10) OR PLACEBO (n=10) TREATMENT 

GROUP BASELINE VLCD7 

AST F 23.8±2.3 36.6±4.3 " 
(6-35 U/L) "" P 23.7±2.7 27.0±3.1 

URIG AGIO F 322±22 ** 169±45 
(147-353 umol/L)"" P 295±12 419±19 *" 

GLUCOSE F 5.1 ±0.2 4.5±O.2 ** 

(3.9-5.8 mmol/L) oc P 5.1 ±0.2 4.2±0.2 "* 

INSULIN F 167±26 111±13** 
(35-145 pmol/L)oc P 150±12 104±17 ." 

Statistical dlfferences were determined using Repeated Measures ANOVA 
Ali data are mean ± SEM 

" 
,,* 
01' 

significantly different from baseline value (p<0.05) 
significantly different from baseline value (p <0.01) 
normal range 

VLCD14 VLCD21 

26.1 ±3.ô 28.5±3.7 
25.0±2.7 23.3±2.8 

484±42** 415±35** 
430±31 *. 402±25** 

4.3±O.2 ** 44±O.3** 
4.2±0.2"* 4.2±0 2 ." 

114±12" 119±21 
1 06±13*· 109±12** 
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TABLE 6. BODY WEIGHT DURING VLCD AND BDD AND FLUOXETINE (N=10) OR PLACEBO (N=10) 
TREATMENT 

GROUP BASELINE VLC07 

WEIGHT (KG) ** 
~ 91.S±3.7 87.9±3.8 

89.S±3.1*" P 92.8±3.2 

WEIGHT CHANGE F -3.6±O.2 
** 

P -3.3±O.1 ** 

Statlstical dlfferences were determined using Repeated Measures ANOVA 
Ali data are mean ± SEM 

* 

a 

significantly dlfferent tram baseline value (p<O.05) 
sigmflcantly dlfferent from baseline value (p<O.01) 
slgnlflcantly dlfferent from placebo group (p<O.OS) 

VLC014 

8S.8±3.8 ** 

87.S±3.0 ** 

-5.7±O.3 
** 

-S.3±O.3** 

VLCD22 BOO 1 MO BOO 2MO 

** ** ** 
80.8±3.1 81.9±3.6 80.6±3.S 
83.9±4.3** 86.S±2.9 ** 8S.9±2.8** 

** 
-7.9±O.5 -9.6±O.8 **a -11.0±1.1 **a 

** ** -7.0±1.0 
... 

-7.3±O.S -6.3±O.6 
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TABLE 7. NITROGEN BALANCE DU RING THE VLCD AND FLUOXETINE 
(N=9) AND PLACEBO (N=10) TREATMENT 

STUDY 
DAY 

FLUOXETINE 

BASELINE O.4±O.5 
• 

1 -1.5±0.4 
** 2 -3.7±0.4 
** 3 -4.5±O.6 
** 4 -4.6±O.4 
** 5 -4.0±0.5 
** 6 -4.0±0.4 
** 7 -3.9±0.6 
** 8 -4.0±0.4 
** 9 -3.9±0.4 

10 -3.6±0.6** 

11 -3.4±0.5 ** 

** 12 -3.5±0.5 
** 13 -3.1 ±0.6 
** 14 -2.8±0.6 
** 15 -3.0±0.6 
.* 

16 -2.9±O.6 
** 17 -2.7±O.6 

18 -3.1 ±0.6 ** 

** 19 -2.7±0.7 

20 -2.8±0.6 ** 

21 -2.7±0.7 ** 

22 -1.1 ±O.6 ** 

Stotistlcol dlfferences were determmed using Repeated Measures ANOVA 
Ali data are müan ± SEM 

* signlflc,mtly different from baseline value (p <0.05) 
sigmflc3ntly different trom baseline value (p <0.01) 

PLACEBO 

O.8±O.3 

-1.6±O.5 * 

-4.3±O.4 ** 

-5.2±O.4 ** 

-5.7±O.3 ** 

-5.5±0.4 ** 

-5.0±0.4 ** 

-5.2±0.4** 

-4.7±0.4 ** 

-4.6±0.4 ** 

-4.5±0.6 ** 

-4.5±0.4 ** 

-4.~±0.5 ** 

-3.6±0.6 ** 

-4.0±0.5 ** 

-3.7±0.4 ** 

-3.6±0.4 ** 

-3.4±0.5 ** 

-3.3±0.4 ** 

-3.2±0.4 ** 

-3.3±0.4 ** 

-3.5±0.3 
u 

-2.1 ±O.4
u 
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TABLE 8. CHANGE IN RMR (KCAUMIN) OURING VLCO AND BOO AND FLUOXETINE (N=10) OR 
PLACEBO(N=1~TREATMENT 

FLUOXETINE 
STUDY DAY AMA CHANGE IN %CHANGE 

(KCALJMIN) AMA AMR 

BASELINE Î 121 ±O 026 

VLCD WK 1 
DAY 3 1 171 ±O 029 

.. o 049±0 012*"a 44±11 
DAY 6 1.121 ±O 029 -0001 ±O 015 -01 ±1.3 
DAY 8 1119±0.029 -0002±0017 -01 ±1 5 

VLCDWK2 
DAY 10 1 089±0 034 -0 032±0 019 -2 9±1 8 
DAY 13 1 062±0 030 *" -0 060±0 013 "" -54±1.3 

* "* DAY 15 1 065±0 032 -0 056±0 014 -51 ±1.4 

VLCD WK 3 
DAY 17 1 076±0 030a -0 045:t0 013**a -4 1 ±1 1 
DAY 20 1 030±0 031 

.* 
-0.092:+-0,)14 

~. 

-8 3±1 3 
DAY 22 1 048±0 031 -0.074±0 (,13 

.* 
-67±1.2 

BOO .. .. 
V,ONTH 1 1,021 :!:O 029 -0100±0,017 -8.9::,:1.5 
MONTH 2 

.. *. 
1 030±0 027 -0091 ±O 027 -79::::25 

Statlstlcal d!fferences were determtned UStn~ Repeated Measures ANOVA 
Ali data are mean :!: SEM 
:. slgnlflcant/y drfferent fram baselrne value (p<O 05) 

slgnrflcantly drfferent fram baseline value (p< 0 01) 
s slgnltlcantty dIfferent tram placebo group (p<O 05) 

PLACEBO 
AMA CHANGE IN % CHANGE 
(KCAWMIN) RMR RMR 

1.089±0 036 

1 092±0 040 o 003±0 014 03±14 
1 044±0 042 -0.045±0 018* -4 3±1 8 
1 042±0 038 -0 047±0 022 -43±21 

* ** 
-5 9±1 9 1 025±0 038 -0.064±0 019 

1 024±0 033 -0.065 ± 0 023 
.. 

-58±21 
" 1 008±0 032 -0081 ±O 020 

** 
-7 3±1 6 

.. o 974±0 025 -0 116±0 026 
** -10 2±2 0 

.* 
-0 112±0 019 

** 
-102±16 o 977±0 034 

.* -* 
-9 7±1 5 0.983±0 033 -0 106±0 017 

** 
1 031 ±O 036 -0 058±O 016 

.. 
-5 4±1 6 . 

-0 066±0 023 
. 

-5 7±2 0 1 024±0 029 



TABLE 9. MEASURED AND PREDICTED RESTING METABOLIC RATE 
(KCAL/DAY) AT BASELINE 

Resting Metabolic Rate (kcal/day) 

Subject # DeltatracO Harris Benedictb (1919) Owen pt ale (1986) 

1 1567 1650 1400 

2 1819 1830 1514 

3 1542 1460 1342 

4 1428 1650 1390 

5 1615 1660 1407 

6 1743 1690 1516 

7 1700 1710 1461 

8 1665 1830 1537 

9 1498 1850 1606 

10 1530 1530 1371 

11 1783 1730 1496 

12 1560 1730 1450 

13 1353 1580 1334 

14 1419 1650 1395 

15 1839 1770 1573 

16 1553 1620 1420 

17 1707 1750 1563 

18 1502 1780 1484 

19 1559 1730 1479 

20 1407 1630 1454 

Statlstlcal differences were determlned using Repeated Measures ANOVA 

Methods used to determine RMR wlth dlfferent superscripts are significantly different (p<0.05) 

126 
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TABLE 10. TEF AT BASELlNE, AFTER THE VLCD AND AFTER THE BOO IN FLUOX~TINE 
(N=10) AND PLACEBO (N=10) GROUPS 

FLUOXETINE 

% INCREASE 
OVER RMR 

S'o OF ENERGY 
INGESTED 

PLACEBO 

.J/(' INCREASE 
OVER RMR 

°0 OF ENERGY 
INGESTED 

Ali data are mean ::: SEM 

THERMIC EFFECT OF GLUCOSE 
BASELINE POST-VLCO 

814±081 7 65±O 78 

4 49:::!:0 40 395±039 

866::: 1 11 879:::110 

o.l 52±O 49 417:::047 

TEF dld net change slgnlf!cantl] rrcr.' bêlse11re a'îC 15 ne! slgr.1flcant1y dlfferent ber ... een greûps 

POST-BOO 

9 36±0 92 

4 76±0 44 

9 64=:0 85 

4 85±O 39 
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TABLE 11. BASAL TEMPERATURE rC) DURING THE VLCD AND 
FLUOXETINE (N=9) AND PLACEBO (N=10) TREATMENT 

FLUOXETINE PLACEBO STUDY 
DAY TEMPERATURE CHANGE TEMPERATURE CHANGE 

BASELINE 36.5±0 j 36.5±0.1 

36 6±0 1 0.1 ±O 1 36.4±0.1 

2 36.7±0 1 0.2±0.1 a 36.5±0.1 

3 367±0.1° 0.2±0.1 36.5±0 1 

4 36.8±0 1*0 0.3±0.1 a 36.4±0.1 

5 36 8±0 1° 0.3±0.1 36.5±0.1 

6 36.8±O 1 a 0.3±0.1 36.5±0.1 

7 36.9±0.1*0 0.3±0.1 a 36.5±0.1 

8 36.9±0.1 *0 0.3±0.1 a 36.4±0.1 

9 36.8±0.1 8 0.3±0.1 a 36.4±0.1 

10 36.9±O.1*0 O.4±0.1 36.5±0.1 

11 36.8±0.1 8 0.3±0.1 8 36.3±0.1 

12 36.9±0.0*o 0.4±0.1 8 36.4±0.1 

13 368±01° 0.3±0.28 36.4±0.1 

14 368±0.1 8 0.3±0.1 8 36.4±0.1 

15 36 8±0 0° 0.3±0.1 a 36.4±0.1 

16 368±0.1° o 3±0.1 0 36.3±0.1 

17 368±0.1 8 ù.3±0 2 36.5±0.1 

18 369±O.1 8 O.4±0.2 36.5±0.1 

19 368±0.1° 0.3±0.2 36.5±0.1 

20 368±0.1° 0.2±0.28 36.3±0.1 

21 369±0.1 8 0.3±0.1 a 36.3±0.2 
22 366±O.1 0.1 ±O 2 36.5±0.1 

Stotlstlcol dlfforences were determlned usmg Repeated Measures ANOVA 
Ali data arc mcan ± SEM 

a 

slgnlflcantly dlHerent trom basellne value (p<0.05) 
slgnlflcantly dlfferent tram baseline value (p <0.01) 
signlflcantty dlfferent tram placebo group (p <0.05) 

-0.1 ±0.1 

-0.1 ±0.1 
-0.1 ±0.1 

-0.2±0.1 
0.0±0.1 

0.0±0.1 
-0.1 ±0.1 

-0.1 ±0.1 

-0.1±0.1 

O.O±O.2 

-0.3±0.1 

-0.2±0.1 

-0.2±0.1 
-0.2±0.1 

-0.1 ±0.1 

-0.2±0.2 

-0.1 ±0.1 

0.O±0.1 

-0.1 ±O 2 

-0.2±0.1 

-0.2±0.2 

-0.1 ±0.1 
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TABLE 12. THYROID HORMONES BEFORE AND AFTER A VLCD AND FLUOXETINE (n=1 0) OR 
PLACEBO (n=10) TREATMENT 

GROUP BASELINE VLCD7 

T4 F 111 ±4 119±5 • 
• (64-144 nmol/I) 00 P 109±6 116±7 

FREE T4 INDEX F 106±4 110±4 
(63-125) 00 P 96±5 104±4 

T3 F •• 2.0±O.1 1.6±O.1 
(1.4-2.6 nmol/I) 00 P 2.1 ±O.1 1.7±O.1 •• 

FREE T3 Index F 1.9±0.1 1.4±0.1 •• 

(1.3-23) 00 P 1.9±O.1 1.6±O.1 

T3 UPTAKE F 0.29±0.01 0.28±0.01 
(0 22-0.32) co P 0.27±0.01 0.28±0.01 

Statlstlcal dlfferences were determlned uSlng Repeated Measures ANOVA 
Ali data are mean ± SEM 

DO 

slgnlr:cantiy different from baselme value (p<O 05) 
s:gnlflcant'y dlfferent from basellne value (p <001) 

normal range 

VLCD14 VLCD21 

111 ±3 112±4 
118±7 106±7 

111 ±3 115±6 
117±5 • 101 ±5 

1.4±O.1 •• 1.2±O.1 ** 
1.5±O.1·" 1.5±O.1·" 

1.4±0.1 •• 1.3±0.1 .... 
1.5±0.1 

.. 
1.4±0.1"· 

" 0.31 ±0.01 • o 30±0.01 
" • o 29±0 01 0.29±0.01 
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TABLE 13. URINARY CATECHOLAMINES DURING VLCD AND FLUOXETINE (N=9) OR PLACEBO (N=9) TREATMENT 

STUDY GROUP DOPAMINE NOREPINEPHRINE 
DAY « 2630 nmol/c) x ( < 591 nmol/d) x 

BASELINE F 2856+196 294+31 
P 2972±304 265~39 

VLCD5 F 2429±146 ** 246±31 
P ** ** 2845±229 220±29 

VLCD6 F 2395±149 ** 2~~9±28 
w* 

p 2819±236 ** ** 218±27 

VLCD12 F 2165±193 * ** 194±26 
p 2542±258 * 166±28<* 

VLCD13 F 2163±157 * 200±24** 
P 2413±254 * 158±24** 

VLCD19 F 1997±115* 170±21 ** 
* 132±20'" P 2412±226 

* ** VLCD20 F 2092±101 194±20 
* ** P 2314±219 134±20 

Statlstlcal dlfferences were determrned usrng Repeated Measures ANOVA 
Ali data are mean ± SEM 
* signlflcantly dlfterent frorn baseline value (p<O.05) 
** slgnrflcantly dlfterent trom basehne value (p<O.01) 
a slgnlflcantly different trom placebo group (p<O.05) 
00 normal range 

EPINEPHRiNE METANEPHRINE NORMETANEPHRINE 
( < 136 nmol/d) x (281-1841 nmol;d) x (502-2531 nmol:d)'" 

50+6 618+63 1718+185 
34±5 485:::51 1574:::233 

66±10**a 623:!:44 1288± 163** 
** 40±7 425:::81 1187:::145 

62±7 ** 580±63 1155±107"* 
** 39±4 428±50 1181±115 

79±12**a 894±79 ** 556±59 
** 37±6 477±66 922±94 

** 73±16 562±83 842±93 
* 848±77 ** 40±7 387±64 

437±50** 743±67 ** 70±11 
** 43±8 406±45 708±70 

** 67±7 512±43 799:±. 74 
** 38±7 412±52 694±72 
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FIGURE 5. TEF AT BASELlNE, AFTER THE VLCD AND AFTER THE BDD IN FLUOXETINE (N=10) AND PLACEBO (N=10) 
TREATMENT. 
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APPENDIX 1 

Informed Consent Document 

e Patient Name: ------- Date of Birth: '-' 
Introduction: l al;ree to participate in a research study of a new 
im/(~~Jtil;aLi()Il;11 drug, fluoxetine, sponsored by Eli Lilly. MY PART IN THIS 
STUDY WILL LAST ABOUT 12 weeks (about 4 weeks during which l 
rem:lin in ho~,piLaI and 8 weeks outsidc of the hospital). About 20 other 
people will abo be in this study. 

Tlw pllrpo~:e of the study i8 ta test if fluoxetine treatment will affect the 
n~~,tiflg mdabolic rate (HMR) and the themùc effect of a standard test meal 
whr1[~ l am in ho~)pit,al and. on a liquid formula very 10w energy diet 
llrovldll1g abont 500 CaloTIc~: pcr day, as well as ta test the efIect of fluoxetine 
on mcl:.lb()li~;m whi1c l am out of the hospltal and eating a conventional 
w(~lJ~ht rcduction dil~t. Tlw~;c measuremcnts indicate the rate at which the 
body l~) burniIlr; calorie~~. The RMR involves lying cOï...llortably on a bed 
uI1d(~r a de:lr canopy hood [or 15-30 mInutes. The thermie effect of a meal 
requin~s lying com[ort:lbly on a bed before and for the 4 hours following 
con:JumpLion of a stndard test rnc:.ù. 

Proc(~durc: In tbi:l study, l will take one of two special drugs. One is 
f1U()XdlIll' , (the invc:itig3.tioIl3.1 drug) and a second is a placebo (sugar pill) 
th3. t lw:) no acLlOn. DUTIllf!, the study l Wlll reccive either placebo or 
11 UOX(~LllW. Nt~idll~r Inor the study physician will know wruch of these 
:;ub:) :lI1Cl':1 l alll Llkmg. This "doublc-blmd" procedure is necessary ta 
ensure unlnaspù ob;-,enratlons and a,ssessment of the effic::.1cy of this new 
tl'ealment by myse1f and the study physIcian. 

I31~f(}re L'ntl~ring the study, l wi.ll be intervie\ved by the study physician, who 
wIll takl' my 11l::,tOry (mcluding my consumpbon of alcohol and my previous 
SrnOklIll"; hahtt~)) and camplde a general physlcal eX3.mination. At the 
lW!i1I1I1lt1L~ of' the stllciy l will h:1vC blood ::md unne tests donc. There ill3.y be 
some p:lIIl or brUl~)m!~ 3.ssod:.lted \\'uh the verupuncture (blood dra'tY'1ng). 
Thl'!)f' tl':;u., Will be done ta ensurp tll:.lt l meet the medic:J.l requirements for 
p:lrtlclpatIrl!~ III the stucly. If l meet thesc requirernents and drC1de to 
l):ll'tlClp:lt(', l wIll bC' seen by the study phySIC1:lll and/or herlhis rese3.rch 
.1., '<,tant d:111:; WllllL' l am in hospit~l 3.nd twi.ce IIlontlùy outside of the 
huc,pll:ll. The purp()~;e of thesc evaluations \\ï11 be to dctcrminc whcthcr the 
trL':ltml:nt lS WOrklnl~ and to be sure it 15 not c:J.using me any harm. At 
l"ll'ry Yls1t afLl'r leanng the ~10Splbl, l WIll be secing 3. dlctlcl:J.n and dactor. 
l w111 \L~ \\'clghcd, :1nd have my pulse and blood preS~'lre taken. In 
lhJ:.;p1t.:.11, l \ ..... lll t'Olll)W 3. convenlional dlet for :J. "b:J.sclinc" pcriod of 4-5 days. 
l wdl thl~n c()mmenœ the study medicltlon (or pbcebo) and the very low 
l'I1crgy (het. On day 1,5, 10, 13, 17 & 21, R~1R Mll be measured in hospital 
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and onceJmonth outsidc of the hospital. 'Thermie dTcd of fi llleal will 1Jl' 
me3.sured willIe 1 am on a nonn;Ù diet, ailer 21 days of the 10w enPIYv dil'l 
and on one outpatient follow-up visit. l reali1C that thc~w h':lt~; nn~'·bl'in'T 

IJ 

done for the purpose of monitoring my physical conùition priDr tn and arr!,!" 
the study. There will be na charge ta me for thet;e ted:., and OH' dinic vi~lit:;. 

!vry reactions ta the mcdication l am b.king dllrin1~ the 5tu!ly \Vi II 1w 
c::uefully monitored. It is extremcly iml)ortant that the st.lldy ph'y~,iei:ln or 
the research aSSJstant bc aware of aIl olher drugs wllich l t:du:, in addItilln 
to the 5tudy drug, while l am particip:ltin~; in the study. 'l'hi:, 1.'','1'11 illdndl':i 
over-the-countcr medications (non-prcscnption drug·:i). Tt i:i illlPOrt:lI1L 
th3.t l discuss aU other medieaL10ns l·bave taken dllnI1/.~ tilt' ~tlldy \Vith lhl~ 
study physician at each of the interviews. AlElO, dnnLlIli~ of cafTt'illl'­
containing or alcoholic beverages and smoking must be av()iü~t1. 

It is also important that l discuss with the siudy phY~liei:ln or re~;\~.ln~h 
assistant aU unpleasant or unusu:ll symptoms which l cxp(~nence, a~) well 
as any positive effects which l may have frorn the medicallOll. 

Risks: l understand there may bc risks for me in beinf; in lIlis stu<ly. 
Fluoxetine has been given ta Qver 6,000 clinical b-ial paLil'rlt,:;; 1.:3 Illlllioll 
p:1tients in tot.:li. In same of these people, certain sicle eiTed:; have bl'l'n 
observed. The most cornrnon sicle eITccts include 11:J.U:3C:l, nerVOU!IIW:i!I, 
in:1bility ta sleep, head:1che, shaking, anxicly, 81(~l~pi!1(~:J~l, dry IIlonth, 
increased swcating, di:1rrhea and dizzine~~j. Alleq~lc rL'aclion:3 lo lllL~ 
medication, including hives, r..lsh, joint pain and swl'lIiIl~~ C:1!l OCClU' in 
sorne people. If l develop a rash or lllvcs, l will tell Dr. lIon'l'r iIIllllC(}iale1y. 

Convulsions have been rcported very rardy. In OIll~ of Uw:,e C:!!,('!), lhe 
po.tient swaIlowed 35 times more medicllle th:J.11 should have \)('en takl'Il. 
One elderly fem.:lic patlcnt dcveloped an inflammatory condition of lhl~ 
lungs called pulmonary alveolitis. The relatlOnslup to tluoxetine ü) 
uncertain. 

Because sleepiness could be a sicle cfTect with fluoxetine, l should not dr-ive 
or operate complicated machinery sueh as a car or truck if l fed sll)l~py. 

If l become pregnant during this study, there may be n:J~:) 1,0 me aIld Illy 

fetus or child that are not known. \Vomen who are c:1p:lbl(~ of [)f'COlllllll; 

pregnant and who wish ta partieipatc in this study II1t1'Jl h(! U!,)!1!; a 
medically aceepted form of birth control. If l am of clllld-b(::lnIlf~ JlotcJltl:d, 
l will tell the study physician or rese:J.rdl as;,istant WInch lllc:thod of lm·th 
control l am currently uSlng. 

l understand l am ta tell Dr. HoITer immediutely if l h:1vr~ any uI1\l!,ual 

health expericnces, inj~ry or b:1d eITect. 

Drugs and procedures in this study IDay involve ri~lks to me that arC! not 
known. 
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Very low enr:rgy dict3 rcsult in a rapid wcight 1088. They are considercd 
safI! whcn IJwdicaIly Bupcmsed and used hy properly selected patients. 
The:~e did~) could be dangerous for li fetus or unborn child. It is essential 
th:lt WOrI1rm Ilot bl; prr~~~nant white following such a diet. These diets may 
bl~ a:;::ocl:ILed with bide effects whir:h indude feelings of chilliness, 
COI1:,tip:.lflO[l, t.r~rnprn:iry 10;::; of mcn~trualion or temporary increased rate 
of hair Jo',:" allhough the:..:,c side effects are most common after periods 
lOIl1({~r than thr~ 3 W(~(:k:; involvcd in this study. Thcre Iruly he an increased 
n:)k of:l g,dl bladd(~r at.t.ack (cholccystiLis). 

13.!:JJI..' .. Üt:.:: 1 IIl:ly bl~n(:fit [rom this study in the following ways: l may see an 
incre:1',I! in lL\1Jl which may hclp me ta la se weight. Even if l am taking 
tlw placdJO, l Nill benefit from weight loss during three weeks of monitored 
clit:l.ing wlih a very low eneq,,,'Y diet in hospital, and outpatient follow-up on a 
c()nv(~nti()ll:d weil~ht reduction diet after l leave the hospital. l will rcceive 
t.lw b~ndiU; of evaillation of symptoms and general health discussions with 
tlw ~jtlldy phT3iciaI1, the health infOrlllation from the laboratary tests, and 
fi Il:ll1 y, Uw chance ta contributc ta a scientific investigation which lliay he of 
bcnefit to p:::lt.lcnts in the future and ta Eli Lilly. 

C_Q..nfi!1!: .. Ilth1lily: Records from the study which identify me will be 
cOldidcntl:l1 except they may he given ta and inspected by the sponsor of the 
~~tlldy (Eli Lilly), the Health Protection Branch and the Food and Drug 
AdIlllIll!)Lration, and will not othcnvise be released exccpt as required by 

_ l.iw. Th(~ spom30r wIll receive a signed copy of this consent agreement. 

Gc:.lIll D..!:.'D:~~1iiilll: If l follow the directions of the study physicians in charge 
of tlWi sLudy, and l am physically injured because of any substance or 
pr()C{~dllre properly E;1ven me undcr the plan for this study, Eli Lilly agrees 
Lo pay aIl rnedical expens'?s necessary to treat such injury wmch are not 
covered by llly own insurancc. 

p :.1 \:.DJ __ !':Jli~: l will not have to pay for any of the medicines, medical 
(!~Glll11I1:J.t]()ns or bboratory i_csts iliat are required in my part of this study. 

V(~11)}_1i~lT': 'P:;1rtic1D::1!iQn: l vl1lunteer ta participate in thls study. l may quit 
at .ln}' tlIlll!. If 1 dcc'1dc not t.1 p:J.rticipatc, or l quit, l ~-ill not be penalized 
;Ind \,·/111 not g1\'e up o.ny benen:-.s w\uch l had before enœring this study. If 
l tll'CHlc not. ü) p,lrt1Clp:J.tc, or l quit, l W111 notify the sturiy physician. 

~J r.'1~1",--111~th .. t:.-,'3üd~· l unJerst:J.nd th3t the study physician or Eli Lilly may 
~;top Illy lh'lI1t~ III the study at any brne wlthout my consent. 11y 
p,lrtll:q1.ltlOI1 nuy be discontlnued if the study physician judges th3t it is in 
my bl,·~t II1tl'rest; If l fa!l ta campIy 'w-nh study procedures; if the project is 
wHhdrJ. \VIl by the sponsor; If the sponsor deerus i t appropnate; or for other 
reaSOIl8. 
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l understand that upon completion or ternlÎnatioIl of the study l mny not 
take a class of drugs caU :M:.AO inlùbitors for a period of 5 weeks afterward. 

InfoDUai10u: l can get more information or answers tn Illy qlle~;t iOll~l about 
the study, my participating in U1C study, and Iny right.s [rom Dr. llofTer, 
who can be telephoned at (514) 8<13-1665. If the study phY~lician h'arn~} of 
important new information that might aITed nly desire to rL'main in thw 
study, the study physician will tell me. 

Qll::dific~tiQns: The study physician h35 toid me that l C:lI1IlOt be in this 
study if l am pregnant or breast feeding a chi1d. l also cannoL be in this 
study if l abuse alcohol or drugs; regubrly use ptoychoLropic dnll;~;, 
including lithium; am being treated with certain high blooù pre~;!)un~, 
antidepressant or thyroid merucations; have gbucama, a hisLory of urinary 
retentian, a history of seizures, or have had a Berio us illnc!:!l that is Ilot 
under control. l am betwcen the ages of 18 and 45 yean,. 

llnderst<lndiu1!: The study physician has explained this study and this 
consent form to me. The study physician has answercd an my questions to 
my satisfaction. l understand what will happen if l agrce ta be part of this 
study. 

VOLUNTEERS'S NAME 

VOLUNTEER'S SIGNATURE 

DATE: TIME: 

PHYSICIAN'S SIGNATURE: 

WITNESS'S SIGNATURE: 

DISPOSITION OF THIS DOCUMENT 

1. Give one copy of the document ro the patient. 

2. Keep one copy of the document in the investigator's records. 

3. Forward one copy of the document ta Eli Li11y attached to lhe 
Informed Consent page of the case report farm a10nr; wlth Vi~)it 1. 

1·)3 


