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The aim of this study was to evaluate the use f[lt?C]-sodium bicarbonate/urea technique to measure the
change in total energy expenditure after weighs land a period of weight maintenance. Eleven health
subjects (6 men and 5 women aged 50 + 3 yrs, BMI 32.1 kg/m, body fat 38.7 + 3%) underwent 8 weeks
of energy restriction using a combination of ‘Ma#f™’ formula and one small meal per dag.8 MJ/day).
For an additional 2-weeks, subjects resumed a $odid diet that contained enough energy to stabitiady
weight at the newly reduced level. Body composititstal energy expenditure (TEE), resting energy
expenditure (REE) and the thermic effect of a 2.7té41 meal (TEF) were measured at both weeks a.@nd
At week 10 as compared to week 0, body weight deee by 12.2 1.6 kg (12.5%)R < 0.001). Total fat and
lean mass decreased by 8.4.0 kg (20.4%) and 380.7 kg (6.7%), respectivel?(< 0.001). REE decreased
by 500+ 128 kJ/day (5.6 1.3%) P < 01902). Decreases in the TEE (0£18.7%) and TEF (1.4 0.9%) were
not significant. In conclusion, althoughC]-sodium bicarbonate/urea was well tolerated addndi interfere
with normal daily activities, it did not have suifént sensitivity to accurately measure weight logkiced
changes in TEE in the range of 0.1-10%.

Key Words: energy expenditure, thermic effect of feeding, weight loss, low calorie diet, clinical intervention.

Introduction body size"'® At present few studies have simultaneously

Most obesity treatments involve energy restrictiorinduce assessed the impact of diet-induced weight lossres-

a negative energy balance and promote weight D&t- living TEE as well as REE, TEF and physical activify.
induced weight loss is oftéit, but not alway%® accom- A relatively new alternative to doubly labeledter and
panied by a decrease in total energy expenditusE)That whole-body indirect calorimetry for the measuremenht
can predispose to weight regain over time if nangen- TEE is the }*C]-sodium bicarbonate/urea method. It is an
sated by a proportional reduction in habitual epengake, isotopic dilution technique that involves subcutause

or an increase in voluntary energy expenditure. TE@®is- infusion of }“C]-sodium bicarbonate/urea and collection of
prised of three components: resting energy expemditirine. The specific activity of CQincorporated into uri-
(REE) accounts for 60-75% of TEE! the thermic effect ofnary urea is measured, from which TEE can be indjrect
feeding (TEF) accounts for 6-15%'2 and energy expenecalculated.

diture due to physical activity (includes voluntaapd in-  The method is unique because it allows thessssent of
voluntary activity) accounts for the remaining podiion. CO, turnover and TEE under free-living conditions over a
Previous studies have suggested that the majdritypt all, period of 24 hours (or multiples theredf).In addition, it is

of the reduction in TEE following weight loss is acoted considerably cheaper10-fold) than doubly labelled water,
for by the cumulative reduction in one or more tsfdom- it uses simple laboratory equipment and results Emwob-
ponentS** As REE is the major determinant of TEE fained withi_n several hours of the L_Jrine coIIecI_i(MDre-
sedentary people, it is likely that a persistentreise in OVer, f“C]-bicarbonate/urea can provide information about
REE following an energy-restricted diet, is largedspon- i E—
sible for the positive energy balance and weighgire that CO'espondence address: Professor Gary Wittert, University of
. ; oS . Adelaide, Department of Medicine, Royal Adelaide pits,
is often seen when energy intake returns to its*rpstricted Adelaide SA 5000

levels*****> There is also evidence that the reductionT): +61-08-8222 5502: Fax: +61-08-8223 3870

TEE involves decreases in the TEF;® and decreases ifEmail: gary.wittert@adelaide.edu.au

the energy cost of physical activity because ofralker Accepted 10th October 2005
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physical activity when used in conjunction with it
calorimetry for measuring REE and TE¥F? Two studies
in healthy mel**and a third in men with small-cell lung
cancer'® have shown that the values of Cfroduction
and TEE measured using*¢]-bicarbonate/urea are
within 2 to 5% of those obtained using whole-bodgti4
rect calorimetry over a 1-day or 4-day period. didition,
Gibney and colleagu&sfound in six grossly obese wo-
men that free-living TEE, measured using’C]-

Dietary prescription

Over the period from week 0 to week 8 all subjects
followed a fixed energy restricted diet to inducenani-
mum weight loss of 10%. The daily energy provigeds
3,300 kJ/day and it reflected a mean restrictiof@$fo of
daily energy requirements. Energy was predominatetly
rived from a liquid dietary formula (Modifast™, No-
vartis, Australia) that contained 50% of the t@taérgy as
protein, 40% as carbohydrate and 10% as fat; stirgil

bicarbonate/urea as compared to doubly labeledrwatemicronutrients were incorporated in the formula. The
was similar (mean difference of 3.6%). Accordingly, majority of subjects had 5 sachets of the Modifagbt

these previous studies have shown ti{&]fbicarbonate/
urea may be a reasonable alternative to whole baby
rimetry and doubly labeled water, for measuring TEE.

The aim of this study was to examine the usthe

mula per day. Several subjects, however, replased
sachets of Modifast™ with one low calorie meall470
kJ) at night. The low calorie meal consisted of dl.2®
lean meat, chicken or fish plus green vegetablesatad.

[ C]-sodium bicarbonate/urea technique for measusing Following the 8-week energy-restrictive phase, scigj

decrease in total energy expenditure after weiggg and

a period of weight maintenance. We hypothesizetl dha weeks.

resumed a solid food, low-fat diet for an additiotvao
Subjects were instructed to consume enough

reduction in TEE may be accounted for by a cumulativeenergy to maintain body weight at the newly reduced

reduction in REE and TEF.

Resear ch Design and M ethods
Subjects
Fifteen subjects (6 men/ 9 women) with a BMI ofajex

level. The energy level of the weight maintenapeeod
was calculated from each subject’s resting metalralie
multiplied by a physical activity index. Restingtabolic
rate was not directly measured at the end of tleeggn
restricted period. Instead, it was calculated gisine

than 27 kg/rhwere recruited by public advertisement for Schofield formul& that incorporates the measured value

a weight loss trial at the Royal Adelaide Hospitden

of body weight after weight loss. A suitable phgsic

were included if they were over 35 years of age andctivity index was derived from physical activityform-
women had to be postmenopausal or sterile. Exalusioation collected by the dietitian at week 8 andldetahat

criteria included malignancy; type 1 or 2 diabateslli-
tus; renal, liver or thyroid disease; unstable itard
vascular, respiratory or gastrointestinal disordensl sig-
nificant weight loss in the month prior to commaencthe
study. Subjects on anti-hypertensive, lipid lowgri
respiratory or gastrointestinal medication wereedsko
maintain them at pre-study doses. A detailedrm&dion
session attended by all subjects stressed the famumar
that they be motivated to lose approximately 10%hefr
initial body weight. All subjects gave informed itken
consent to participate in the study, which was aygd

specified indexes (multiples of REE) for eight diéfet
levels of activity>>** Prior to commencing the study,
subjects received detailed dietary guidelines andeal
plan from a dietitian experienced in the use of Mod
fast™. Subjects were asked to refrain from drinkahgp-
hol throughout the 10-week study. Once a weekHer
first two weeks of the energy-restrictive phaseyjetts
visited the same dietitian to receive the formuld a
dietary counseling. Thereafter, they received fgtitly
counseling until the commencement of the weightnmai
tenance phase where they resumed counseling once a

by the Human Ethics Research Committee of the Royakeek. A three-day food diary (commenced the dagrpr

Adelaide Hospital.

Experimental protocol

to the energy expenditure measurements being madle a
continued until the end of the TEE measurement) was
collected at weeks 0 and 10. For each dietary phase

The study was conducted on an outpatient basis I¥er energy intake (EI) and macronutrient compositions wa
weeks. It consisted of 8 weeks of energy restrictice.  determined from food diaries using Diet 1 Nutritn
week O to week 8) and 2 weeks of energy balanee (i. software (Xyris Software, Highgate Hill, Queensland
week 8 to week 10). Measurements of body weight andustralia). This program is based on Australian food
composition, TEE, REE, TEF and respiratory quotienicomposition tables and food manufacturer's data. In
(RQ) were made at week O (before energy restricoil  addition, the ratio of RQ-to-FQ (FQ represents food
at week 10 (after 2 weeks of prescribed energynicala quotient) was determined. RQ/FQ is an additiondkin

for maintenance of the reduced body weight as asdes  to the equation of TEE-EI that is used to refleet state
week 8). In addition, body weight was recordedrg®  of energy balance of an individual; a RQ/FQ of 1
weeks while subjects were at the research unitliiary  indicates that energy intake matches energy expesdi
counselling. For each subject, all measurements we The FQ of the subjects’ diet was calculated using th
per-formed in the morning, on the same day of teekv equation cited by Toubro and colleagéesThe cal-
and at the same time of day. Following TEE measureeculation was based on the average macronutrient com
ments on the two separate occasions, subjects eted@  position of the diet that the subjects consumed the 3-
questionnaire evaluating the intrusiveness of t€]{ days of the energy expenditure measurements. Bastin
sodium bicarbonate/urea method on their daily tiles RQ, instead of mean 24-hour RQ was used in the cal-
Throughout the study all subjects were asked toimo@t culation of the RQ/FQ ratio.

their usual physical activity routine.
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M easur ements no sign of leakiness at the infusion site or witly af the
Body weight and composition connections for any of the 11 subjects. On thersgclay
Body weight (Seca™ digital scales, model 220; Wed-of the infusion, subjects completed a 24-hour usaee
derburn Scales, Hilton, South Australia) was reedrth  after voiding the first specimen of that mornindig8ots
the morning after emptying the bladder. Subjectsewo of the 24-hour urine collection were stored at €20ttil
light clothing and bare feet. Total fat mass, ltditady  analyzed for the specific activity of urinary urea.

lean mass and abdominal fat mass were assessagl usin The specific activity of urinary urea was measl
whole-body dual-energy X-ray absorptiometry (DEXA) using a method based on that of Elia and colleatjues.
(Norland densitometer XR36; Norland Medical SystemsAdded to a 500ml round-bottom flask was: urine con-
Fort Atkinson, Wisconsin, USA; CV of 2.3% for tofalt  taining 12 mmol urinary*{C]-urea, sodium citrate (1M;

mass and 2.1% for total lean mass). 100 ml; pH 5.2) and variable amounts of distillealt&r to
achieve a final volume of 300 ml. The pH of the arin
Total energy expenditure (TEE) solution prepared for each assay was always belbwA5

TEE was measured using thé*d]-bicarbonate/urea silicone stopper (24/29) containing a nitrogen tirdad
method!’ an isotopic dilution technique that indirectly outlet tube was inserted into the ground joinisate the
calculates TEE from the measured specific activity ofsolution. With the outlet tube exposed to the aphese,
CO; incorporated into urinary urea. An area of skirtle®  nitrogen gas (>99.999%) was bubbled through tha-sol
abdomen was anaesthetized with 2% lignocaine hydrdion at 4 L.min* for 3 minutes and at 0.5 L/min for 2
chloride (Delta West Pty Ltd; Bentley, Western Aastr minutes to remove traces of air. The gas outlet tuag
lia), and a small flexible infusion cannula (MMT@$o0f- then immersed in a 50 ml volumetric flask that eamtd
set Infusion Set with a 60 cm tube); MiniMed Techno-a carbon dioxide trapping solution (0.305 M; 8.2 i
logies; West Chatswood, NSW, Australia) was ingkrte ethanolic potassium hydroxide with an indicator @8).
subcutaneously while subjects were supine. A boluShis trapping solution was designed to react with 2.
priming dose of“C-urea (9.25 kBq 0x0.25 puCiin 1 ml  mmol CG gas and form an unreactive precipitate of po-
of water for irrigation) (Amersham Pharmacia Bidtec tassium bicarbonate. The addition of Jackbean areas
Castle Hill NSW, Australia) was administered, and(Type lll; 1000 unit.mif; 4 ml; Sigma Aldrich, Castle
thereafter the infusion cannula was connected20 sl  Hill, Australia) initiated the conversion of urinaf*‘C]-
syringe (Terumo Syringe with Leur Lock tip; Terumo urea to }*C]-CO, where the gas evolved was delivered to
Corporation, Springfield SA, Australia) containitig.2 + the trapping solution via carrier gas at a floneraf 0.5
0.08 ml of a sterile and pyrogen-freé(]-bicarbonate L/min. The reaction was complete when the trapping
solution (64 kBq orx 1.74 + 0.01 uCi/ml). The*fC]-  solution changed from purple to colourless (intiiza
bicarbonate solution was administered via a comhstarthe consumption of 2.5 mmol GO The trapping solution
infusion syringe driver (SIMS Graseby MS16A Syringewas diluted to 50 ml with ethanol and sampls3;5 ml
driver; SIMS Australasia PTY.Ltd; Bundall QLD, each) were dispensed under nitrogen atmosphere into
Australia), over two consecutive 24-hour periodg.(E). scintillation vials containing 10 ml of scintillambcktail
(Starscint; Packard BioScience Company, Meriden,JJSA

Day 1 Day 2 Day 3

48-hr [14C]-bicarbonate infusion

24-hr urine save
< >

3-day food and activity diaries

< >
Figure 1. The 48-hour infusion of'fC]-sodium bicarbonate/urea used to measure totagjgreapenditure.

On day 1, at approximately 9 am, a dose“&]furea (9.25 kBq or0.25 nCi) was administered via a small flexibleruaa that was
inserted into the subcutaneous layer of fat oratidomen. Thereafter, the infusion cannula was aiadeéo a 20 ml syringe containing 91
kBq or=24.7 uCi of sterile and pyrogen frééd]-sodium bicarbonate. Th&C]-sodium bicarbonate infusion continued from dayntil the
morning of day 3. After the first morning specinarurine on day 2, all urine was collected oveltdwing 24-hour period. Aliquots of the
24-hour collection were frozen in order to measheespecific activity of urinary urea from which ERvas calculated.

The 48-hour infusion commenced immediately after theSamples were counted in duplicate using a liquid-sc
measurement of REE (on day 1). The first 24-houth@f fillation counter (Beckman Instruments; Gladesyille
[**C]-bicarbonate/urea infusion is necessary to allber ~NSW, Australia) and the background corrected mean
solution to equilibrate with the body’s bicarbonatmls. value was divided by the moles of €@ give the
Total activity from the infused“{C]-bicarbonate over the specific activity of fC]-urea (moles of CO= moles
48-hour period was 91 kBq (er24.7 uCi/ml). There was urea). The specific activity ofC]-urea was used in the
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following equation to predict total G@roduction per A value for TEF was determined at 20-minute intesval

day"": from the measurement of postprandial REE (i.e. rigsti
CO, production (mol/day) = 0.95 x 0.85 x infusédd]- REE was subtracted from the mean postprandial REE
bicarbonate (dpm/day) which was calculated every 20 minutes). The 20-tainu
specific activity of urea (dpm/mol of GD TEF values were then averaged to determine the mean

TEF over the entire 180 minute period. TEF was ex-
The calculation of C@ production is based on two pressed as a percentage of the energy consumeauduri
assumptions: that (i) the recovery df{] exhaled as the test meal.
gaseous CQis 95% of the total amount of’C] that was
infused? and (ii) the specific activity of urinary urea is Assessment of physical activity level
equivalent to 85% that of GOn arterialised blood or To ascertain that voluntary physical activity reneain
breath?® From the total C® produced, TEE was calcu- stable over the 3 days of energy expenditure measur
lated based on the assumption that,@@s an energy ments, a three-day physical activity diary was raaimed.
equivalent of 535 kJ/mol. This value approximates th Individuals were instructed on how to complete idmr
value obtained in subjects close to nutrient badlamhile  and were provided with written guidelines. The diar
consuming a dietary intake with a food quotientaddqa = commenced the day prior to the energy expenditi@a-m
0.85)%" surements being made and continued until the eribeof
Prior to using the{C]-bicarbonate/urea method to TEE measurement. The investigator reviewed this record
measure changes in TEE during dietary interventioms, o with the subject at the completion of the TEE measure
group carried out preliminary research to deterniiee  ment and subjectively graded each day’s overalViact
reproducibility and reliability. Repeated measuratae from a table that specified physical activity indexXmul-
were made at least 7 days apart in free-living,givei tiples of resting metabolic rate) for eight diffetdevels
stable, non-obese and obese subjects. We foundhtat of activity.>>>* In addition, the level of physical activity
method had an intra-assay CV of 3.9 + 0.3% [ran§® 1 derived from the diary was compared to a level lof-p
to 5.89%] in non-obese subjects (8 men) and, 3®B3+ sical activity calculated from measured TEE divided b
[range 1.24 to 5.69%] in obese subjects (6 men/9neasured REE'
women). The CV between study days was 4.8 £ 1%
[range 0.95 to 9.24%] in the non-obese subjects9and  24-hour urinary creatinine
1.3% [range 1.74 to 18.03%] in the obese subjects. Urinary creatinine was measured using the Jaffe rea
ctior’® to determine the completeness of the 24-hour urine
Resting energy expenditure (REE) and Respiratory  save.
quotient (RQ)
Fasting REE and RQ were measured over 30 minutes lyuestionnaire assessing the suitability and comfort of
indirect calorimetry using a ventilated canopy &welta-  the [*C]-bicarbonate/urea method
trac™ metabolic monitor (Datex Division Instrumen- The intrusiveness of theC]-bicarbonate/urea method
tarium Corp., Helsinki, Finland). The equation inco and its’ effect on usual daily activity was evakdhtsing
porated in the Deltatrac™ for the measurement of REE a questionnaire that rated, on a scale from 1 totH®
REE (kJ/day) = 5.50 VO(ml/min) + 1.76 VCQ (ml/min)  suitability and comfort of wearing the syringe ision
—1.99 W (g/24h) pump, and the intrusiveness of the 48-hour infusion
Calibration of the Deltatrac™ was performedobe  Subjects were also asked whether the method in¢erfe
each measurement. Subjects lay supine on a bed inwath their normal lifestyle.
thermoneutral environment with a clear plastic howdr Statistical analysis

their head and shoulders, and the REE and RQ were "Rl data are represented as means + SEM, unless-othe

corded for 30 minutes. The first 10 minutes of datae . o - . i

discarded to ensure all subjects had reached lequit wise specnﬁed - Statistical analysis was performethg

and the remaining 20 minutes of data were aver eld SPSS for Windows 10.0 software (SPSS Inc, Chicago,
9 ag USA). The effect of weight loss was assessed using

_rep_re_sented the values for fasting REE and RQ. 'Ijhnymt repeated-measures ANOVA with variables measured at
individual CV of the Deltatrac system was estalgdho o :
. . weeks 0 and 10 as the within-subject factor. Thgst

be 1.7 + 0.41% for fasting REE, 3.10 £ 0.8% for fagti -

was not specifically powered to look for effectsgeinder
RQ, and 7.8 + 1.5% for TEE. . .

on energy expenditure, but there were approximately
equal numbers of both genders and so we considered
reasonable to include gender as a between-sulgjetotr f
Simple linear regression was used to determinadize
ﬁlonship between energy expenditure and body compo-
sition and the method of Poehlman and Toth was tsed
%hormalize energy expenditure for body size and asmp
sition® Significance was set &t< 0.05.

Thermic effect of feeding (TEF)

Immediately following the measurements of fastingER
and RQ, each subject consumed, within 20 minutes,
2791 kJ test meal. The meal consisted of 4 sbtegite
bread, 10g of Flora Lite™ margarine, 50g of lean le
ham, 21g of Kraft Free™ cheese, 30g of lettuce g350
orange juice, and a 31g fruit museli bar, and tleenm
nutrient composition was 18% of the total energy adResults

protein, 62% as carbohydrate and 20% as fat. &ftere  Subject characteristics

subjects returned to the hood for 180 minutes durin Of the fifteen subjects who were recruited for #tedy,
which RQ and REE values were recorded continuouslyonly eleven (6 men/5 women) completed it. Three wome
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withdrew due to family and work commitments duringlost a further 2.2 kg during the prescribed weigiainte-
the course of the study. Data from another subj@s nance phase was removed from the analysis, thalbver
excluded from the analysis because she declinad, faveight loss for the remaining 10 individuals wast no
personal reasons, to have the fif4C[-bicarbonate/urea significant @ = 0.08). Total fat mass and total lean mass
measurement of TEE made. The physical characteristicgt week 0 and week 10 are shown for all subjeciabie
of subjects at baseline are shown in Table 1. 1. Total fat mass decreased 8.4 + 1.0 kg (20.46%61.
range —13.2 to —-27.2%) from week 0 to week P& (
Energy intake and urinary creatinine during the 3 days  0.001) and this represented 68% of the total wdiggs.
of energy expenditure measurements Abdominal fat mass decreased 2.3 £ 0.4 kg (22.382%,
The mean energy intake over the 3 days of the energwnge -12.2 to —34.8%)p€0.001). After 10 weeks, total
expenditure measurements was 8022 + 682 kJ/dagdgranlean mass was reduced 3.8 + 0.7 kg (6.7 + 0.9%geran
5110 to 12619 kJ/day) at week O as compared to %7000.8 to —8.5%) P <0.001) which represented 31% of total
317 kJ/day (range 3871 to 6992 kJ/day) at weekP¥0 ( weight loss. There was no affect of gender on the r
0.001); the mean change was 2326 * 556 kJ/daydrang duction in fat mass, but abdominal fat mass wasaed
5627 to 790 kJ/day). The percentage of energweldri approximately 59% more in the men than in the women
from carbohydrate (42 + 2 vs 43 £ 2®=0.8), fat (32 + (-3.2 + 0.3 vs -1.3 £ 0.2 kg? = 0.003). There was a
2 vs 29 + 1.2%P = 0.1), and protein (20 + 1.1 vs 22 + greater reduction in lean mass (by 51%) in the then
1.6%, P=0.2) were similar at week 0 and week 10. Al-in the women (-4.9 £ 1.0 vs -2.4 £ 0.6 IR)= 0.056).
though subjects were asked to refrain from alcalevke-
ral subjects had reported having a social drink Hred Total and resting energy expenditure, and the thermic
mean energy derived from alcohol was 3.0 + 1.4edkv effect of feeding
0 vs 3.0 + 1.4%. At week 0 as compared to week 10ndividual values and the means of the group for TEE,
fasting RQ (0.80 + 0.01 vs 0.78 = 0.02), FQ (0.85 v REE, and TEF at weeks 0 and 10 are shown in Table 2.
0.84), and the RQ-to-FQ ratio of the diet (0.910v85)  After a mean weight loss of 11.8%, TEE expressechas a
were not different #>0.1). Twenty-four hour urinary absolute value was not statistically reduced (mdan
creatinine (Table 2) was similar at weeks ® £0.23) crease in TEE was 181 + 454 kJ/day; or 0.18 + 3.7%,
indicating that the subjects’ 24-hour urine collees range —24% to 22%). This finding remained consiste

were likely to be complete. after the removal of subject number 5, who was not
weight stable at week 10. TEE was associated wéh le
Body weight and composition mass and fat mass at week 0 (r = 0.88 for lears rmiad

The change in body weight over the course of thee8kw r = 0.62 for fat mass®? < 0.05) and at week 10 (r = 0.88
period of energy restriction and the 2-week perafid for lean mass and r = 0.62 for fat mé3s; 0.05).

energy balance is shown in Figure 2. After 8 weeks From week 0 to week 10, the change in TEE nor-
energy restriction, mean body weight decreasedlby4# malized for lean mass, was 11 + 1.2% (from 9912.3 £
1.8 kg (range -6 to -27 kgpP€0.001). After a further 2 1020 at week 0 to 8784 + 928 kJ/day at week AL&;
weeks at prescribed energy balance, body weight ha@l07). TEE was greater (by80%, P= 0.06) in the men
decreased an additional 0.51 + 0.3 kg (range @238..4  than in the women, at both week 0 (13751 + 17784/

kg) (P = 0.04). There was, however, an effect of gendet 460 kJ/day) and week 10 (13320 + 1622 vs 9566k 6
on weight loss from week 0 to week 8. From week 8 kJ/day).

the end of week 10, women lost an additional 1(22tkg Resting energy expenditure (expressed as solab)

(P = 0.004) of weight, whereas body weight remaineddecreased by 507 + 125 kJ/day (or 5.6 + 1.3%, rabge
stable for the men. When female number 5 (Tablevhp, to + 2.8%) after 10 weeksP(= 0.002). REE was

110 - ER phase EB phase

» »
> < >

105 4 T b

A

100 A
95 4
90 o
85 A
80 4
75

Body Weight (kg)

70 L) L] L] L] L] 1

W eek

Figure 2. Change in body weight following 8 weeks of energgstrietion (ER phase, weeks 0 to 8) and 2 weeks ajhte

maintenance at energy balance (EB phase, week&® o the 11 subjects who completed the studstal@are expressed
as means * SEM. Weeks 0, 2, 4, 6, 8 and 10 werega@@d using repeated-measures ANOVA with gendehas
between subiject factor'Significant reduction in weight from week 0 to wekP < 0.001. *Significant reduction in

weight,P = 0.04
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Table 1. Age, BMI and body composition at week 0 and weeloflthe 11 subjects who completed the study

Age (yrs) BMI (kg/m) Weight (kg) Fat mass (kg) Lean mass (kg)
Subject/ Gender Week 0 Week 0 Week 10 Week 0 Week 8 Week 10 Week 0 Week 10 Week 0 Week 10
1/F 54 30.9 28.1 82.1 77.0 75.5 39.8 34.0 43.2 41.5
2/F 44 32.0 28.0 83.0 72.5 725 40.7 33.4 42.3 39.2
3/F 61 33.8 27.9 79.5 69.5 68.0 40.6 33.3 39.0 34.7
4/F 60 28.1 24.0 66.0 58.0 57.0 34.2 27.4 31.7 29.6
5/F 60 40.1 36.7 100.1 93.0 915 58.0 50.3 42.0 2 41.
6/M 51 28.4 25.9 91.0 83.5 83.0 29.1 24.9 61.9 58.1
7IM 41 37.2 32.1 105.0 90.5 90.5 37.8 29.0 67.2 561.
8/M 49 29.6 26.2 83.5 73.0 74.0 29.2 20.7 54.3 53.3
9/M 34 52.1 49.4 168.6 141.7 142.7 75.9 58.5 92.7 428
10/M 48 28.7 25.1 92.0 81.5 80.5 30.4 23.4 61.6 257.
11/M 45 34.9 28.9 101.0 84.0 83.5 42.4 30.9 58.6 652
Mean + SEM 50+3 34.0+1.7 30.2+2.2 95.7 +8.0 4.08 6.4 83.5+6.6 41.7+4.2 33.2+35 54.025 50.3+4.6

BMI, body mass index. Week 0 measurements weresipadr to dietary intervention, week 8 measuremerdre made immediately after 8-weeks of enerdyicgen and week 10 measurements were made after a
further 2-weeks of energy balance. The physicatacteristics of subjects at week 0 were assdssédferences using a one-way ANOVA with gendsttlae fixed factor

Table 2. Energy expenditure variables at week 0 and at W8dkllowing 8 weeks of energy restriction and Zeke of weight maintenance

TEE (kJ/day REE (kJ/day PA index derived from-  PA index derived fron TEF (% EI 24h urinary creatinir
day diary TEE/REET mmol/L

Subject/Gender Week 0 Week 10 Week 0 Week 10 Week OVeek 10 Week 0 Week 10 Week 0 Week 10 Week 0 Week
1/F 10245 9618 6320 6149 15 1.6 1.6 1.6 9.2 8.8 8 9. 9.8
2/F 10335 10041 6827 6290 15 15 15 1.6 9.0 4.3 071 9.5
3/F 8804 8578 6883 7074 15 15 1.3 1.2 5.1 2.9 87 8.2
4/F 7954 7888 5121 5028 15 15 1.6 1.6 8.1 6.7 75 7.2
5/F 9863 11675 7683 7040 1.5 15 1.3 1.7 6.0 4.2 .8 19 13.2
6/M 11231 10562 7819 7062 15 15 14 1.5 9.5 105 16.2 12.2
7™M 15955 12081 9791 9077 15 15 1.6 1.3 7.6 8.0 4 1 9.4
8/M 13013 13397 8165 7912 1.7 1.7 1.6 1.7 4.6 9.0 381 151
9/M 21207 21137 14628 13505 1.7 1.7 1.5 1.6 9.1 2.0 17.8 18.7
10/M 8740 10628 8221 7894 15 15 11 1.4 9.7 6.3 8 8 9.6
11/M 12360 12114 9184 8071 1.7 1.7 14 15 10.3 110. 16.7 17.9
Mean £ SEM 1179211165 11612+1070 8244+49 77371664.55+D.03 1.55+ 0.03 1.47+0.04 1.51+0.05 8.0+ 6.6%£0.9 13.0£1.3 11.9+1.2
Change -181 + 454 -507+1251 0.0+0.012 0.05+0.06 -1.420.9 1.10.1

TEE, total energy expenditure as measured usinff#Bgbicarbonate/urea method; REE, resting energgmeatipure measured by indirect calorimetry and dileted hood; PA index, physical activity index ised
from the physical activity diary kept over 3 daystee TEE measurement; TEF, the thermic responae2itf1 kJ test meal, expressed as the % increaseigy per kJ intake over 3 hours Week 0 andat®were
compared using repeated-measures ANOVA with gemsléine between subject factdBignificant decrease in absolute REE from weekWeaek 10P = 0.002
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associated with lean mass at both weeks 0 (r=095, weight was associated with a 17% decrease in TEE nor-
0.001) and 10 (r = 0.9 <0.001). REE was associated malized for lean mass. Using whole-body calorigéir

with fat mass at week 0 only (r = 0.6%<0.02). The 7 obese women, Froidevaux and colleaffutsund that
change in REE normalized for lean mass was from 662BEE measured at 12 weeks post-weight loss (15.4 kg or
+ 699 at week 0 to 5512 + 603 kJ/day at week RG=( 19%), remained 15% (or 1.5 MJ/day) lower than aeba
0.001). There was an overall effect of gende=(0.04) line. In the present study the change in TEE, eveenw

on REE (expressed as an absolute) at both week3d @6 normalized for lean mass, was variable and noteglto
1043 vs 6575 + 423 kJ/day) and week 10 (8920 +\854 changes in either body weight or composition, which
6316 *+ 373 kJ/day) such that men had a higher REE thavere similarly variable. One of the 11 subjectd hade-
women; this effect remained significant after ndima crease in TEE of 24%, and 2 experienced an incr@ase i
zation for lean mas$?(= 0.001). The mean TEF did not TEE of approximately 20%. For the remaining 8 indi-
change significantly from week 0 to week 10 (mean d viduals, the decrease (7 subjects) or increaselje®) in
crease 1.4 £ 0.9%, range -7.1% to 4.4%) (Tablét®re TEE ranged from 0.33% to 6.9%. As a result of the

was no affect of gender on TEF. variability, the study had only 65% power to detect
mean decrease in TEE of 10%. Upon resumption of a
Physical activity usualad libitum energy intake, a persistent decrease in

The average daily physical activity index derivednfr TEE of 1 to 7% could potentially lead to a weight iaga
the 3-day physical activity diaries was not difféireat  of approximately 2 to 9 kg over 1 year and therefioiis
week 10 as compared to week 0 (1.56 + 0.03 vs 4.56 important that future studies using tHéC]-bicarbonate
0.03) (Table 2). The level of physical activity eadited method identify and resolve potential sources abrer
from measured TEE divided by REE was also notwithin specific subject populations as well as utd a
different from week 0 to week 10 (1.47 + 0.04 v811+ larger sample size to detect small changes in TEE in
0.05) (Table 2). The physical activity index derifemm  heterogeneous populations.
the diary as compared to that derived from TEE/REE, Recognised sources of error within thé&'C[-
were similar at week 0 and at week B0x0.1). Gender bicarbonate/urea method include: i) the preparatiod
had no effect on the physical activity index detifeom  administration of the'fC]-bicarbonate solutions, ii) the
the activity diary. assumptions that 95% of the infused labelled isvered

as breath C¢ and that the specific activity of urinary
Suitability and comfort of the [*C]-bicarbonate/urea  urea was approximately 85% of gaseous,Cil) the
method choice of energy equivalent for GOPilot work per-
None of the subjects reported any adverse readtiong  formed by our group (unpublished) found that theame
the infusion of the 'C]-bicarbonate/urea solution. Dis- day-to-day variation in TEE for 8 non-obese men was
comfort associated with the 48-hour infusion of fodu-  4.8%, of which ~3.9% was due to analytical errotha
tion was given a mean rating of 2.3 £ 0.4 (range 3.5) measurement of the specific activity of urea. Tdvsrall
on a scale from 1 (painless) to 10 (painful). Thenfort  error was the same as reported by Elia and collsague
of wearing the syringe infusion pump over 48 haaorthe  (range for day-to-day variation was 2.4 to 6%), dmel
free-living environment was rated 4.6 + 0.44 [raigw  TEE values they reported were similar to our observed
8.5] on a scale from 1 (uncomfortable) to 10 (camfo values:’?° The present study was the first study to exa-
table). The suitability of wearing the syringetsion  mine the use of‘fC]-bicarbonate/urea to measure weight-
pump in the subjects’ free-living environment wased loss induced changes in TEE in an obese populadiuah,
5.2 + 0.53 [range 2 to 7.5] on the scale from 1 grac- the mean day-to-day variation was 9.7% (of whict6%3
tical) to 10 (practical). When asked if the methotkr- was due to analytical error within the assay far spe-
fered with their normal lifestyle 58% of the sulifec cific activity of urea). Because the day-to-dayiaton
replied ‘No’. Activities that subjects cited asfdifilt to  in the non-obese group as well as the analytical evas
perform while wearing the infusion pump included less than 5%, we are confident that the first sewt
showering and bending over (another subject whti-par error stated above was well controlled. Insteagl,sws-
cipated in a pilot study for the use of this methoadur pect that the second and third assumptions stdiedea
department reported that it prevented him from awing  may not be precise enough for an obese populatiom w

but not from running or cycling). had recently lost a significant amount of weigkurther-
more, the choice of energy equivalent for G@ay not be
Discussion valid for this population. In 6 weight-stable griyssbese

The [C]-sodium bicarbonate/urea method was easilymean BMI 52 kg/f) women, Gibneyet al.,*® showed
applied and well tolerated by all subjects, budid not that these assumptions were valid and the TEE values
have sufficient sensitivity to measure weight logiced obtained were the same as measured using gaseous ex
decreases in TEE in the range of 0.1 to 10%. change in the respiration chamber. However, ndiesu
Based on the literature that had shown a temuin ~ have yet used thé*C]-bicarbonate/urea in a mixed popu-
TEE after weight lods***we expected that the fall in lation of obese men and women who have recentlgmnd
TEE would be approximately equal or greater than a 0.8§one significant weight loss. Accordingly, valiidet of
to 1% per 1% decrease in body weight. For exampleassumptions ii and iii still need to be performedain
Leibel et al.,* using doubly labelled water to measuredobese but recently weight-reduced population, dnisl t
TEE in 7 men and 11 women, observed that the stabilrequires that exhaled’C]-CO, as well as {'C]-urinary
zation of body weight at a level 10% below theiahit urea, are measured at specific periods throughost t
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measurement day(s). In this study, we used theevalu in TEE of 9 to 18%, after body weight was stabilizéd a
535 kJ as the energy equivalent of {digécause the ma- reduced level, was due to a persistent and laidection
cronutrient and energy intake collected from thijetts  in REE (both 14%J:® In the present study, REE ex-
indicated that they had a food quotient of 0.8201#88, pressed as an absolute value, was reduced by 584
and were therefore close to nutrient balance. hwédl  following weight loss, and when normalized for leaass
documented that obese individuals often under-tepothe decrease in REE was variable (ranged from 14 % to
their energy and macronutrient intakes and we fomre 26 %). Therefore another reason why this study n@y n
calculated that if this did occur, the food quotiemght have detected a decrease in TEE is because the decreas
equate to< 0.8 or> 0.9. In the present study, this may in REE itself was small and given that the study was
result in an error in TEE of 600 kJ/day or6%. Further designed to detect a 10% or greater fall in TEE, then
research is required to determine the exact eneqgy-  statistical power becomes an issue. Neverthelesagu
valents of CQwhen individuals are in various phases ofdouble-labelled water or whole-body calorimetryheat
energy and macronutrient balance. investigator$”* have observed that a coincident fall in

Although we acknowledge that a lack of stai@t TEE may not be occur if there is only a small redurciio
power is probably the main reason that we obseneed REE Furthermore, even if the decrease in REE is greater
significant decrease in TEE, there are several atsees than 10%, a fall in TEE may not necessarily be obskrve
that may have contributed to the lack of effectesbed in  In 18 obese women, Amatruds al.,” observed a 12%
this study, and they might also help explain inistest (748 kJ/day) decrease in REE, but no significanrtifal
findings within the literature. Firstly, placingl @ubjects TEE (measured using doubly labelled water) after body
on a fixed intake of 3300 kJ/day may have causedico weight was reduced and stabilized 26% below thialini
derable differences in the energy deficit betwadnjexts, weight.
which in turn may have contributed to the variapiin The thermic effect of food, expressed as aqragage
the energy expenditure response. The aim of thdystu of ingested energy, is generally 6-1%%° However,
was to see whether energy expenditure was reduterd a values as low as 2% have been observed in some indi
a weight loss of more than 10%, and accordinglydie¢  viduals®**3! In this study, the average thermogenic
was designed to guarantee this magnitude of wéiglst response to a standard 2791 kJ test meal was 88tebef
We expected that the decrease in TEE would have beemd 6.6% after weight loss. There was, however, sub-
greater in those individuals who lost more wei@#.dis-  stantial variability between individuals in the oga in
cussed above, however, the change in TEE was variablEF; 8 subjects had a decrease in TEF of 0.2 to 7.1%
and we did not observe an association between thghereas in 3 subjects the TEF increased by 0.44%.4.
reduction in TEE and body weight or composition. TheSince the mean error in the measurement of TEF ¥%,7.8
timing of energy expenditure and body compositionchanges smaller than 8% may not be accurately teeltec
measurements may also in part explain disparatiénfys.  Consequently, from this study, no conclusions can b
Several studies have measured energy expenditune-m made regarding the effect of diet-induced weiglsslon
diately after energy restrictid’® and as such the results TEF.
may reflect a metabolic adaptation to an acute thega In order to minimize the impact of variatioimsphy-
energy balance and/or the reduced cost of subgisxkte sical activity from obscuring the effect of weigbss on
dation due to the reduced energy intake. Stuteshave TEE, subjects were asked to maintain a constant tvel
assessed the changes in TEE during energy restrain voluntary activity throughout the study. The diangthod
after a period of weight maintenance at the redleeel of assessing voluntary activity levels was usethab the
have demonstrated that TEE returns to baseline @&fter subjects could account for the activity that they fen-
15 monthg DeGroot's study, and oth&%* show that gaged in during baseline measurements, and therefor
TEE is not always reduced following stabilisation at amaintain the same patterns throughout the studgy Th
reduced body weight. It could be argued that abmrmf  average daily level of voluntary physical activite-
the subjects in the present study were still inadesof mained similar before and after weight loss. Thegs,w
dynamic weight loss at the week 10 measurement diowever, a trend for the activity index derived nfro
energy expenditure. Removing subject number 5 (Wh@EE/REE to increase from week 0 to week 10, for 8 of
lost a further 2.2 kg between weeks 8 to 10) froendata the 10 individuals. This suggests that an incréagsvo-
analysis showed that the remainder of the group walsintary activity may have offset some of the redurcin
weight stable. Regardless of whether or not thie o REE and thereby masked a fall in TEE. Additionally, it
subject was removed from the data analysis, TEE wias nmust be acknowledged that the energy cost of palysic
significantly reduced at week 10 as compared telbes  activities changes as the body composition of iidldigls
Poehiman and Toth have also demonstrated that thechange. Therefore, even when subjects reportedip-mai
statistical procedure used to normalize energymdipgre  tain similar activity patterns during a study, #eatfience
for body size and composition may also lead toedéfiit in the assigned activity index of as little as @night
results. They concluded that dividing energy exftenel  cause an estimated error of ~16% in energy regeinésnm
by weight or body composition is not appropriatd data  (or 1.4 MJ/d) in individuals with identical REE vakie
should be normalized using a regression-based apipro  Unfortunately the accurate measurement of physictd

We hypothesized that a reduction in TEE follayin vity remains problematic and all of the existinghe
weight loss would be accounted for by cumulative re niques have numerous limitations. Consequentlyis it
ductions in REE and TEF, and possibly involuntary phy-extremely difficult to precisely determine the migde
sical activity. Several studies have shown thaeerehse of measurement error that arises from these inacias.



Use OffC]-sodium bicarbonate/urea to measure total enexggnditure

315

This study confirms previous reports that #&hour

10.

infusion of [*C]-sodium bicarbonate/urea is accepted and

well tolerated by subjects and does not prevenimabr

daily activities®* Some individuals reported that ben-

ding over and showering were more difficult thamals
and in one case, running or cycling had to be gubexd
for swimming. This study used the¢]-sodium

11.

bicarbonate/urea method to measure TEE over a single

24-hour period, but others have shown that thishoukt

can be well-tolerated for at least 5 consecutivesda® 13,
Given the variance observed in the 24-hour measemesm
of TEE in the present study, future studies usitg]f

14.

sodium bicarbonate/urea may provide greater insigbt
the relationship between weight loss and chang@&m,
if the infusion is continued over 2 to 3 days.

In conclusion, the current study suggeststtief-“C]-

sodium bicarbonate/urea method cannot yet accyrate
measure decreases in TEE after moderate weightross T

free-living obese populations. Due to the obsefaege
degree of variability between subjects for the ¢feanin

TEE and body composition after weight loss, future

research using the method must identify potentateses
of error within the technique and optimize it uslagger

and more homogeneous populations. Approachesd@clu

16.

measuring TEE at energy balance as well as at pesitiv

and negative energy balances in a whole-body iadire 17.

calorimeter. The measurement of exhafé@JfCO, must
be incorporated into all further research using tiech-
nique.
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