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STELLINGEN

De energiebehoefte van gezonde volwassen vrouwen is sterk positief gerelateerd
aan het lichaamsgewicht,
dit preoefschrift

Het toenemen in lichaamsgewicht, nadat gestopt is met het voligen van een
afslankdieet, valt niet toe te schrijven aan een verhoogde verteerbaarheid
of beschikbaarheid van de voedselenergie.

dit proefschrift.

Het is een hachelijke zaak conclusies te verbinden aan voedse lconsumptie
gegevens, die met behulp van op enguétes gebaseerde methoden zijn verkregen,

ten aanzien van de energiebehoefte en de efficientie van het energiemetabolisme
van personen met overgewicht.

Lansky, D. & Brownell, K.D., Am. J. Clin. Nutr. 35:727-732, 1982

Warnold, I., Carlgren, G. & Krotkiewsky, M., Am. J. Clin. Nutr. 31: 750-763,1978

dit proefschrift

De term "energie-opname" geeft niet aan of daarmee de bruto, de verteerbare
dan wel de beschikbare energie-opname wordt bedoeld, en is als zodanig onbruik-
baar in fysiologisch onderzoek.

In advertenties van en artikelen over afslankmethoden en afslankmiddelen dient
naast het aantal kilo's dat men kan afvallen, eveneens het aantal kilo's te
worden aangegeven, dat men na het stoppen van de kuur alleen al door maag-

en darmvulling weer aankomt.

De stimulering van het sympatisch zenuwstelsel door overvoeding dient nader
onderzocht te worden, aangezien deze stimulering een verklaring kan zijn
voor de verhoogde incidentie van hypertensie en van hart- en vaatziekten

bij mensen met overgewicht.
Young, J.B. & Landsberg, L., J. Chron. Dis. 35: 879-885, 1982

Omdat gevonden is dat dikke jonge volwassen mannen in hun vrije tijd minder
lichamelijk actief zijn dan de niet dikke, kan worden verwacht dat verder
gaande arbeidstijdverkorting negatieve invloed zal hebben op het resultaat
van acties die tot doel hebben overgewicht bij mannen te bestrijden.
Baecke, J.A.H., Van Staveren, W.A. & Burema, J., Am. J. Clin, Nutr. 37:

278-286, 1983




B. De zinnen " Voor tamelijk dikke mensen {20-25% vetmassa voor mannen, 30-35%
vetmassa voor vrouwen) is de ruststofwisseling circa 10% lager. Omdat dikke
mensen in het algemeen ook minder actief zijn bij grote lichamelijke inspanning
en magere mensen een grotere activiteit vertonen, kan de totale energiebehoefte
voor deze categorie&n ook 10% lager resp. hoger worden berekend.", wekken
ten onrechte de indruk dat mensen met overgewicht een lagere energiebehoefte
hebben dan magere mensen.

Nederlandse Voedingsmiddelentabel, 34ste druk, Voorlichtingsbureau voor de

Voeding, Der Haag, 1983,

9. Gezien de toenemende automatisering van de verwerving, opslag en verwerking
van gegevens in het voedingsonderzoek is het gewenst in de opleiding van
voedingskundigen aandacht te schenken aan de informatica,

10. Het feit dat ratten een normaal lichaamsgewicht in stand houden op ratten-
voer, maar overgewicht ontwikkelen op "cafetaria" voedsel, is een ondersteuning
van de zegswijze: "Verandering van spijs doet eten.

Proefschrift van J.0. de Boer.
Energy requirements of lean and overweight women, assegsed by indirect calorimetry.

Wageningen, 13 september 1%85.
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VOORWOORD

De in dit proefschrift beschreven experimenten maken deel uit van een onderzoek
naar het energiemetabolisme van de mens, dat sinds 1980 op de vakgroep Dierfysio-
logie, in nauwe samenwerking met de vakgroep Humane Voeding, van de Landbouwhoge-
school te Wageningen wordt uitgevoerd. De Nederlandse Hartstichting levert aan dit
onderzoek financig&le ondersteuning.

Aan dit onderzoek hebben vele mensen hun bijdrage geleverd en bij deze geleqen-
heid wil ik enkelen graag bedanken:

Mijn promotor, prof. van Es, die mij inwijdde in de theorie van de energiewis-
seling van mens en dier en die immer, zonder mij enigszins in mijn vrijheid te be-
perken, de proeven op de veet volgde.

Daarnaast mijn andere promotor, prof. Hautvast, die mij weliswaar "op afstand"
begeleidde, maar die altijd tijd had of maakte voor overleg. Beiden wil ik harte-
1ijk danken voor het in mij gestelde vertrouwen.

Mijn begeleider, Joop van Raaij, voor zijn begeleiding, zijn kritische kantte-.
keningen en zeer nauwgezette lezing van de manuscripten.

Heel veel dank ben ik verschuldigd aan het "Humane Respiratieteam", dat bestond
uit:

Joop Vegt, die ervoor zorgde dat de calorimeters “draaiden" wanneer dat nodig
was;

Lian Roovers, diétiste, die-de proefvoedingen samenstelde en zich bekommerde om
het wel en wee van de proefpersonen,

Wilco van Kranenburg, analist, die alle voedingsmiddelen, urines en faeces
heeft geanalyseerd en

Martin Los, die vele uren achter het gasanalyse apparaat heeft doorgebracht om
de zuurstof-en koolzuurconcentraties in de Tuchtmonsters te bepalen.

Heel hartelijk bedankt voor de prettige samenwerking.

Yoorafgaande aan en tijdens de experimenten hebben de discussies met prof. dr.
F. ten Hoor, prof. dr. R.A. Binkhorst, dr. R.G. Egger, prof. dr. P.W.M. van
Adrichem en dr. K. Otten een belangrijke bijdrage geleverd. 1k wil hen graag be-
danken voor hun betrokkenheid bij het onderzoek.

Vele medewerkers van de vakgroep Dierfysiologie hebben een bijdrage geleverd
aan het onderzoek, enkelen wil ik nog speciaal bedanken: W. Hofs, D. Vink, G. van
Gelderen, T. Roos, G. Leenders, G. Bangma en Mw. B. Rambaldi. Verder dank ik



Casja Schonk voor de medische keuringen, Bert Gundlach, Suzan Vermaat-Miedema en
Paul Deurenberg voor de onderwaterwegingen en P. Middelburg voor het oplossen van
de problemen op het financigle vlak, allen medewerkers van de Vakgroep Humane
Voeding.

In alle jaren dat dit onderzoek werd en wordt uitgevoerd heeft de Academie
Diedenoort een deel van de proefvoedingen bereid, In het bijzonder wil ik Anneke
Ameling danken voor de grote hoeveelheden groenten, rijst en gehaktballen, die zij
met haar staf en studenten heeft klaar gemaakt.

ok de doctoraalstudenten, die hebben meegewerkt aan dit onderzoek, wil ik
hierbij dank zeggen: Trudie Montizaan, Lisette de Groot, Marion Derckx, Werner
Schultink, Ria Kobilsek, Ada Geerts, Loes Pouls en Frank Tuhumena.

Heel belangrijke mensen, die hier bijzondere aandacht verdienen, zijn de deel-
neemsters. Zonder hun enthousiaste en toegewijde medewerking zouden deze experi-
menten niet hebben kunnen worden uitgevoerd. Het was hartverwarmend om te bemerken
wat sommigen er allemaal voor over hadden om de proef te doen slagen, Heel harte-
1ijk dank!

Verder wil ik de heer Pothof van de afdeling Voorlichting van de Landbouwhoge-
school bedanken, omdat hij ervoor zorgde dat de persberichten en de advertenties
van dit onderzoek, het benodigde aantal deelneemsters opleverde.

Aan het leesbaar en leesklaar maken van dit proefschrift hebben noq enkele men-
sen meegewerkt, die ik bij deze ook heel hartelijk wil bedanken: J. van Brakel
vaor het maken van de figuren en tekeningen, Seamus Ward voor het corrigeren van
de Engelse teksten en Thea van Bemmel, Herma Schoeman en Evelyn Minderaa voor het
uittypen van het manuscript,

Tot slot wil ik mijn man, Jacob Jan Bakker, heel hartelijk bedanken voor zijn
voortdurende steun, begrip en enthousiaste aansporingen gedurende deze jaren.

juni 1985
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SAMENVATTING

De prevalentie van overgewicht in de Westerse wereld en de verhoogde kans
op sterfte en ziekte van mensen met overgewicht zijn de aanleiding tot vele onder-
zoekingen naar de balans tussen de energie-oprame en het energieverbruik van
mensen. Er zijn nog maar weinig gegevens over het energieverbruik gedurende 24
uur (24 uurs energieverbruik) en de energiebehoefte van mensen met een normaal
gewicht en mensen met overgewicht. Om hierin wat meer inzicht te krijgen is in
1980 een onderzoek gestart om, met behulp van indirecte calorimeters, die geschikt
zijn voor het verblijf van mensen van enkele dagen, dit energieverbruik te meten.
Tijdens deze metingen kregén de deelinemers een proefvoeding verstrekt, zocat de
energie-opname bekend was. De energiebehoefte kon dan berekend worden, gebruik
makend van het gemeten 24 uurs energieverbruik en de energie-opname.

In dit proefschrift worden de experimenten beschreven, die de afgelopen drie
jaar zijn uitgevoerd, aangaande de energiehehoefte van vrouwen zonder en met over-
gewicht.

In de inleiding (hoofdstuk 1) wordt een definitie gegeven van overgewicht. In
dit hoofdstuk wordt ook ingegaan op de gezondheidsrisico's van mensen met overge-
wicht.

Hoofdstuk 2 behandelt de reproduceerbaarheid van het 24 uurs energieverbruik
bij mensen. Hiertoe werd het energieverbruik van tien vrouwelijke deelnemers twee
maal gedurende drie achtereenvolgende dagen in de calorimeter gemeten. De periode,
die tussen beide meetperioden lag, varieerde van 2 tot 24 maanden. De omstandig-
heden waaronder gemeten werd, wat betreft energie-opname en lichamelijke activi-
teit in de calorimeter, werden constant gehouden tijdens de twee meetperioden.

Eén deelneemster viel gedurende de periode tussen de meetperioden 13 kilo af, en
haar gegevens zijn niet in de resultaten verwerkt. Uit het experiment kwam naar
voren dat de variatie in 24 uurs energieverbruik binnen personen en tussen meet-
perioden klein is, mits de omstandigheden hetzelfde zijn en de deelnemers reeds
goed bekend zijn met de calorimeter tijdens de eerste meetperiode (binnen-
persoons variatieco&fficidnt ca. 2%). Met deze resultaten kan worden berekend
hoeveel 24 uurs metingen per periode en hoeveel perscnen nodig zijn om een ver-
schil in 24 uurs energieverbruik met een bepaalde significantie te kunnen toetsen.

Hoofdstuk 3 gaat over de energiebehoefte van vrouwen zonder en met overgewicht



Het 24 yurs energieverbruik van 29 vrouwen met een normaal gewicht en van 18
vrouwen met overgewicht werd gedurende 3 achtereenvolgende dagen gemeten, nadat
ze reeds 5 dagen een proefvoeding hadden gegeten. De preefvoeding verschafte zo-
veel energie dat de energiebalans van beide groepen vrouwen praktisch nul was.
Daarem kon het gemeten 24 uurs energieverbruik dienen als schatting van hun ener-
giebehoefte.

Het hleek dat de energiebehoefte van de vrouwen met overgewicht in absolute zin
hoger was dan die van de vrouwen zonder overgewicht. Echter als de energiebehoefte
werd uitgedrukt per kilo vetvrije massa of per kilo lichaamsgewicht dan was deze
gelijk aan of lager dan die van de vrouwen zonder overgewicht. Een multiple re-
gressie analyse op deze gegevens wees uit dat het 24 uurs energieverbruik kon
worden voorspeld uit het Tichaamsgewicht en het lichaamsvetpercentage (multipTe
r = 0.91). De gevonden resultaten worden in dit hoofdstuk vergeleken met die van
andere onderzoekers.

In hoofdstuk 4 wordt ingegaan op de validiteit van een methode om de qebruike-
lijke voedselconsumptie te meten. De methode is de 7-daagse weeg- en opschrijfme-
thode, Hiermee werd de voedselconsumptie in het normale leven gemeten van die deel-
neemsters, waarvan ook het 24 uurs energieverbruik in de calorimeter werd gemeten
(hoofdstuk 3}. De resultaten van de weeg- en opschrijfmethode werden gevalideerd
tegen die van de indirecte calorimetrie. De weeg- en gpschrijfmethode bleek een
Juiste schatting te geven van de gebruikelijke energie-opname van vrouwen met een
normaal gewicht. Echter, de gebruikelijke energie-opname van de groep vrouwen met
overgewicht werd met deze methode onderschat., Dit was hoofdzakelijk te wijten aan
4 deelneemsters, die erg lage energie-opnames rapporteerden in relatie tot hun
energieverbruik. Er wordt dan ook aanbevolen om de gerapporteerde voedselconsump-
tie te controleren met behulp van een methode, die onafhankelijk is van rappor-
tage.

In het experiment, beschreven in hoofdstuk 5, is getracht om de energiebehoefte
van mensen te verhogen door ze onregelmatig te laten eten (1 dag te weinigen 1
dag te veel}. Dit experiment werd uitgevoerd met twee groepen deelnemers, elk be-
staande uit 7 vrouwen en 1 man. De ene groep consumeerde eerst een proefvoeding
die elke dag dezelfde hoeveelheid energie leverde en daarna een proefvoeding die
de ene dag 50% en de andere dag 150% van die hoeveelheid leverde. De andere groep
volgde het omgekeerde schema. Het 24 uurs energieverbruik werd gemeten tijdens
beide soorten proefvceding gedurende 3 of 4 achtereenvolgende dagen. De onregel-
matige voeding bleek, in tegenstelling tot de verwachting, de energiebehcefte niet
te verhogen. Dit wil echter niet zeggen dat een onregelmatige voeding, die
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alterneert tussen een paar dacen te weinig en een paar dagen teveel, niet het ver-
wachte effect te zien geeft.

Hoofdstuk 6 beschrijft het effect van een 8 weken durende lage energie-opname
op de energiebehoefte van vrouwen met overgewicht. Aan dit experiment hebben 14
vrouwen deelgenomen. Echter de gegevens van 2 vrouwen zijn niet verwerkt in de re-
sultaten, aangezien het twijfelachtig was of zij zich aan de voorschriften hadden
gehouden. Het 24 uurs energieverbruik van deze deelneemsters werd vier keer ge-
meten: de eerste keer tijdens een proefvoeding, die de energiebehoefte nagenoeg
dekte {100% voeding), gevolgd door een meting na 5 dagen op een vermageringsproef-
voeding (4.2 MJ/d). Vervolgens volgden de deelneemsters 6 weken lang een voorge-
schreven vermageringsdieet (4.2 MJ/d)}. Na deze periode werden zij weer 2 keer ge-
meten en wel de eerste keer na 5 dagen op de vermageringsproefvoeding en de tweede
keer na 5 dagen op de normale proefvoeding (100% voeding). Het 24 uurs energie-
verbruik van de deelneemsters daalde in de eerste week op de 4.2 MJ proefvoeding
met 9%. Na acht weken op een vermageringsvoeding was dit gedaald tot 15%. Nadat
de deelneemsters weer een nermale hoeveelheid hadden gegeten lag het 24 uurs ener-
gieverbruik 10% lager, dan vdor het vermageren. De gemiddelde energiebehoefte van
de deelneemsters was na het afvallen gedaald met 1.2 MJ/d. Deze daling was groter
dan was voorspeld op grond van de verandering in Tichaamsgewicht en lichaamssamen-
stelling. Het is niet bekend of deze grotere daling een gevolg is van de lang-
durig lage energie-opname of deze tijdelijk is, of dat het misschien een indicatie
is van een lage energiebehoefte als men een normaal gewicht heeft, hetgeen heeft
geleid tot het ontwikkelen van overgewicht.

De algemene discussie volgt in hoofdstuk 7. Hierin worden enige sugaesties ge-
daan in welke richting dit soort onderzoek zou kunnen gaan. Eveneens worden enkele
aanwijzingen gegeven met betrekking tot de behandeling van overgewicht.

Een appendix geeft een gedetailleerd overzicht van de bereiding en samenstel-
ling van de proefvoedingen en van de calorimeters en de indirecte calorimetrie.
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SUMMARY

The prevalence of overweight in the developed world and the increased mortal-
ity and morbidity visk of overweight people stimulate research into the im-
balance between energy intake and energy expenditure. Little information is
available about the 24 hour energy expenditure and energy reguirement of lean
and overweight people. This thesis describes experiments on 24 hour energy
expenditure, measured in whole body indirect calorimeters, energy intake
and energy requirements of lean and overweight female subjects.

The experiment described in chapter 2 was performed to gain an insight into
the reproducibility of measurements of 24 hour energy expenditure in human
subjects. Ten female subjects were measured twice over three successive 24
hour periods, under similar conditions in the calorimeter, with an interval
of between 2 and 24 months. One woman Tost 13 kg during the interval; her
data were excluded from analysis. The data from this experiment indicate that
the varijability in 24 hour energy expenditure within subjects, between periods
of measurements, is small under similar conditions and after sufficient
adaptation to the calorimeter (within subject coefficient of variation ca 2%).
The results are discussed with regard to the length of the trial and the number
of subjects required to test for a difference in 24 hour energy expenditure.

Chapter 3 deals with the energy requirement of lean and overweight women.
The 24 hour energy expenditure of 29 lean and 18 overweight women, after
& days an an experimental diet, was measured over 3 successive days by indirect
calorimetry. The observed mean 24 hour energy expenditure was considered to be
an estimate of the energy requirement as energy balance was close to zero for
both groups of women. The energy requirement of the overweight subjects was
higher than that of the Tean subjects. However, the energy requirements of the
overweight subjects,relative to fat free mass and body weight, were respectively
similar to and lower than those of the lean subjects. A multiple regression
analysis was performed to predict 24 hour energy expenditure (energy re-
quirement) from variables related to the 24 hour energy expenditure. The
24 hour energy expenditure of the adult female subjects was best predicted by
body weight and body fat percentage. The data on energy reguirements of Tean
and overweight subjects are compared with data of other investigators,
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Chapter 4 deals with the comparison of metabolizable energy intake, during
normal 1ife, with the abserved mean 24 hour energy expenditure in the calori-
meter. The metabolizable energy intake was measured using a 7 day weighing
record method, This method was assumed to provide an estimate of the wsual
energy intake required to maintain body weight (energy requirement). The 24 hour
energy expenditure measurement was also considered to give an estimation of the
energy requirement. The latter estimate was considered to be the most accurate.
The estimated metabolizable energy intake was validated against the observed 24
hour energy expenditure for the groups of lean and overweight women, The 7 day
weighing record method provided an accurate estimate of the usua? energy intake
of lean women. However, the use of this method to estimate wsual energy intake
of overweight women remains questionable,

Chapter 5 describes the effect of alternating daily energy intake on energy
metabolism. Theoretically one might expect that alternating the energy intake
would increase 24 hour energy expenditure in comparison with a constant daily
energy intake. This would result in a zero energy balance at a higher level of
energy intake. The experiment was performed with two groups of subjects, each
consisting of 7 females and one male. Cne group consumed first a diet providing
a constant daily energy intake, and then a diet with an alternating daily energy
intake {one day low, one day high). The other group followed the reverse protocol.
Twenty-four hour energy expenditure was measured on both diets and energy
balance was calculated. The result, that alternating daily energy intake does
not affect energy balance, is discussed with regard to the expected theoretical
effect. It is suggested that alternating energy intake might affect energy
balance, if it is alternated over perieds longer than one day.

Chapter 6 deals with the effect of an eight week low energy intake on the
energy requirements and energy metabolism of overweight women. The experiment
initially involved 14 women, but because of questionable adherence to the
experimental protocol by two subjects, the data of only twelve subjects are
presented. Twenty-four hour energy expenditure of these subjects was measured
four times. The first measurement was made when they were consuming an experi-
mental diet that provided approximately the energy reguired to maintain body
weight {100% diet); this was followed by a measurement after 5 days on a weight-
reducing experimental diet {4.2 MJ/d diet). The subjects then consumed a pre-
scribed diet of 4.2 MJ/d during 6 weeks. After this period they were measured
while still on the 4.2 MJ/d experimental diet, and then.again after & days of
refeeding on the 100% diet. The 24 hour energy expenditure of the overweight
women decreased by 9% within the first week on the 4.2 MJ/d experimental diet.
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After & weeks on a low energy intake the 24 hour energy expenditure on the
4.2 MJ/d experimental diet had declined by 15%. After one week of refeeding
with the 100% diet, 24 hour energy expenditure was still 10% lower than the

initial value. Energy requirement of the subjects was calculated before and after

weight reduction, using data on the energy balance and metabolizable energy
intake on the 100% and 4.2 MJ/d diets. Energy reguirement of the subjects after
weight reduction had decreased by 1.2 MJ/d, which was more than would be pre-
dicted from the change in body weight and body fat percentage by the equation
presented in chapter 3. It rémains to be established whether this lower energy
requirement than predicted (adaptation} is a consequence of the Tong term low
energy intake or whether it is a temporary phenomenon or an indication of a

low energy requirement that may have caused overweight.

The general discussion follows in chapter 7. In this chapter suggestions
for future research on energy expenditure and energy requirement are presented.
The chapter also considers some implications of the results of the experiments
presented in this thesis for the dietary management of overweight.

An appendix describes in more detail the experimental diet and the
calorimetric measurements.
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1. INTRODUCTION

In 1980 a study on energy metabolism of human subjects was started at the
Department of Animal Physiclogy, in cooperation with the Department of Human
Nutrition, at the Agricultural University of Wageningen, The energy ex-
penditure of humans was measured using whole body indirect calorimeters,
which had originally been used for energy metabolism experiments in husbandry
animals. These calorimeters were refurnished for use by men and women,

The aim of the first experiment was to assess the feasibility of using the calorime-
ters for measuvements on human subjects and to examine the energy requirements
of humans. The results of this experiment were published by Van Es et al. (1984},

This thesis describes the experiments in this study of human energy metabolism,
with emphasis on the energy metabolism of overweight subjects. These experiments
were focussed on the energy requirements of lean and overweight women, the
effect of an alternating daily energy intake on energy metabolism and the
effect of a long term low energy intake on the energy metabolism of overweight
women. This work was financially supported by a grant of the Netherlands Heart
Foundation.

OVERWEIGHT AND HEALTH

Definition of overweight
Overweignt is definedas an excess of body weight, which may be either fat mass
or fat free mass or both. It is expressed by a weight for height index (Body
Mass Index: BMI=Weight (kg)/Height? (m?)}. The term obesity refers to an excess
of body fat mass. Body fat may be assessed from, among others, body density
measurements, skinfold measurements, body potassium measurements etc, The terms
overwe;ght and obesity are often used in the same context, but they do not
necessarily express the same thing, However, overweight individuals who are
not engaged in heavy muscular work or sports will generally also be obese.
Garrow (1981} proposesa cut-off point of BMI 2 25 for obesity or overweight,
The same is suggested in an abstract by James (1985) on the working definition
of what 1s meant by overweight. Hautvast and Deurenberg (1385) recommend,
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especially in young adults, a primary intervention to reduce overweight at a

BMI between 25 and 30. The National Health Council of the Netherlands (Advies,
1985) advises accepting a moderate degree {BMI between 25 and 30) of overweight,
provided there are no health complications. However, when & BMI of 30 is observed,
intervention is advised regardless of the presence of health problems.

In this thesis a cut-off point of 25 kg/m? is used, Using this value, preva-
lence of overweight in the Netherlands amounts to about 25 - 30% in adults aged
18-65 (Kok et al.,1981) and to about 24% for young adult men and 14% for young
adult women aged 19-31 (Baecke et al.,1983a). The prevalence of obesity
(BMI 2 30) is at present about 3% in Dutch adults (Kok et al.,1981; Baecke et al.,
1983a).

Health risks of overweight

The mortality risk of overweight adults increases slightly above a BMI of 25,
with an acceleration when BMI's larger than 30 are reached (Dyer et al.,
1975; Keys, 1980). A positive relationship between overweight and several
risk factors for cardiovascular disease has also been observed (Berchtold
et al., 1981; Larsson et al,, 1981), Larsson et al, (1981) reported that in
moderately overweight men the morbidity risk for hypertension, diabetes
mellitus, kidneystones and gall bladder disease was increased, In middle-
aged women weight gain was positively correlated with the incidence of angina
pectoris and hypertension (Noppa, 1980). Weight gain was also significantly
correlated with systolic and diastolic bloodpressure, fasting bloodglucose,
serum cholesterol, serum triglycerides and uric acid. However, the weight
change explained only a small percentage of the change in these risk factors.

Recently attention has been focussed on the distribution of the excess body
fat in the body. When the excess body fat is concentrated mainly in the
abdominal region (which may be indicated by a high ratio of waist to hip or
waist to thigh circumferences) significant associations with diabetes mellitus,
hypertension and gall bladder disease in women aged 40-59 and with menstrual
abnormalities in women aged 20-30 were observed (Hartz et al., 1984),
Relatively more fat around the waist (as compared to the hips) was associated
with higher disease prevalence even among women with comparable total body
fat. It was suggested that abdominal obesity is a "malignant" subgroup of
obesity which should be treated even when present only to a limited extent
(BjBrntorp, 1985).
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The high prevalence of overweight and the health risks associatedwith it, are
reasons to try to prevent and treat overweight. Furthermore maintenance of
a reduced body weight after weight loss seems difficult, as illustrated by
a report of Drenick and Johnson (1978) on a long term follow-up of previously
extremely overweight subjects: Fifty percent of the subjects returned to
their original weight within two or three years; ten years later only seven
of the initial 121 patients had remained at the reduced weight. Dwyer and
Berman (1978} showed that about 60% gained weight after weight loss, in a two
year follow-up study on members of a commercial slimming c¢lub. These findings
all raise the questions: "Why are many people overweight?" and "Why do they
remain overweight?". One of the possibilities is that overweight people
have a lower energy requirement or use dietary or body energy more efficiently
than lean people. A lower energy requirement may result from a lower physical
activity in overweight people., This possibility is, however, not supported
by the findings of Baecke et al., (1983b), Lincoln (1972), Maxfield and Konishi
(1966) and McCarthy (1966). Nevertheless, the results of food consumption
studies suggest that overweight people have a lower energy requirement or a
higher efficiency of energy utilization than lean people. In those studies
it was found that overweight people eat as much, or even Tess than lean
people (Beaudoin and Mayer, 1953; Thomson et al., 1961; Kromhout, 1983); this is
also true when the results are cerrected for body weight change (Baecke et al.,
1983b). However, the findings seem to depend on the dietary assessment method
used to determine energy intake. Beaudoin and Mayer (1953) found that the one-
and three-day food record gave Tower energy intake values in overweight
women than in lean women, but that the dietary history method gave the opposite
results.

Another way to assess energy requirement of pecple may be by measuring their
energy expenditure and using this to calculate their energy requirement. For
this purpose whole body direct and indirect calorimeters can be used to
estimate the energy expenditure of lTean and overweight subjects (Irsigler et
at,, 1979, Ravussin et al,, 1982, Blaza and Garrow, 1983). In our research
program whole body indirect calorimeters are used to assess energy requirements
and energy expenditure of lean and overweight subjects., The difference between
our experiments and those by other investigators is that our study attempts
as far as possible to simulate a normal 1ife within the experimental setting.
This is done by the introduction of a standard daily physical activity schedule,
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which includes five 15 minute bicycling sessions, by using an experimental
diet that resembles a normal Dutch diet and by allowing the subjects to smoke,
drink coffee and perform some spontaneous activities during the calorimetry

period.

QUTLINE OF THIS THESIS

As mentioned above the whole bedy calorimeters were used to study energy
requirements and energy metabolism of Tean and overweight people. The ex-
periments presented here, mainly involved women, because women are 1ikely
to show a greater response than men, in experiments of this type. The experi-
ments all consisted of a period of a few days at home, while consuming the
experimental diet, followed by a period of 2-4 successive days in the calori-
meter.

Since 1ittle is known about the reproducibility of such measurements in
human subjects, ten subjects were measured twice under similar conditians,
with an interval of 2 - 24 months. The results of this reproducibility
study are presented in chapter 2.

Chapter 3 describes the experiment on the energy requirements of lean and
overweight women, Since the results of this experiment indicated the opposite
of the results of the food consumption studies mentioned above, the results
were compared to estimates of energy intake in normal life, in the same women,
obtained using a 7 day weighing record method. Chapter 4 deals with this
comparison.

In the context of prevention and treatment of overweight the effect of
a daily alternating energy intake on energy requirement was examined.
Theoretically, one might expect that alternating energy intake elevates
energy expenditure, compared to that with a similar constant daily energy intake,
This would mean that energy balance might be achieved at a higher level of
energy intake, Chapter b describes this experiment.

The commonly observed weight gain after successful weight Toss in overweight
people was the reason for studying the change in energy requirement and energy
netabolism of overweight subjects after long-term Tow Energy intake. The results
of this experiment are presented in chapter 6.

A general discussion of the experiments described in this thesis is given in
chapter 7.

The experimental diet and the calorimetry measurements and procedures are de-
scribed in detail in the appendix.
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ABSTRACT

1. Ten female subjects completed two experimental periods {period I and pericd
11). Each of the periods consisted of consumption of a weight maintenance
diet for 6 or 8 days, faeces and urine collection during the Tast 4 days,
and occupation of a whole body indirect calorimeter during the last 3 days.
Three 24 hour energy expenditure measurements were performed during the
stay in the calorimeter. The energy intake was the same in both periods for
all subjects, except one, The time interval between the two periods varied
from 2 to 24 months. Reproducibility of the energy intake and 24 hour energy
expenditure measurement was assessed at group and individual Tevel. One sub-
ject Tost 13 kg in the interval between experimental periods; her data were
excluded from analysis of reproducibility between the periods of measurement,

2. Food, urine and faeces were analysed for energy. There was no significant
difference in mean digestibility and metabolizability between periods. The
within-subject coefficient of variation of metabolizability of the experimen-
tal diet between periods was 1.7%.

3. Mean 24 hour energy expenditure (MJ) over 3 days did not differ between period
1 {8.78 5D 0.63) and period II {8.73 SD 0.66). The within-subject coefficient
of variation in mean 24 hour energy expenditure over 3 successive days be-
tween periods was 3.1%, but decreased, after deletion of data on subjects
who were Tess adapted to the calorimeter, to 1.9%.
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4, The results are discussed with regard to length of trial and the number of
subjects required to test for a difference in energy metabolism.

INTRODUCTION

To investigate the effects of thermogenic stimuli -such as physical activity,
cold or heat exposure, nutrient intake, smoking, drugs, etc.- on 24 hour energy
expenditure,measurements are often performed on the same subject with and with-
out the thermogenic stimulus (Dauncey, 1980; Blaza & Garrow, 1983; Dauncey &
Bingham, 1983; Hofstetter et al., 1983; Dallosso & James, 1984; Van Es et al.,
1984). For planning these experiments the size of the sample (number of sub-
jects) must be estimated. For this estimation the investigator must decide upon:
a. the size of the true effect (d) of the stimulus on 24 hour energy expenditure,
that is regarded as important
b. the desired probability (1-B) of obtaining a significant result if the true
difference is d
c. the significance level o of the test, which may be either one- or two-tailed
(Snedecor & Cochran, 1967).
In paired samples an assumption must be made of the standard deviation of the
true difference in 24 hour energy expenditure. In this case knowledge of the
within-subject variation or reproducibiTity of a single 24 hour energy expenditure
measurement may be helpful.
So far, few data are available on the reproducibility of 24 hour energy expen-
diture {24hEE) measurements at group and individual levels. Dallosso et al.
(1982) and Garby et al. (1984) found in male subjects with fixed physical ac-
tivity within-subject coefficients of variation (CVw} of a single 24hEE measure-
ment of 1.5% and 2.2%, respectively, with an intervening period of one week.
From two 24hEE measurements in the control period in studies of Webb & Abrams
{1983) and Webb & Annis {1983) Cv,'s of 3.3% and 6% were calculated, the time
interval in the first study being about 14 days. Garrow & Webster (1985) stated
that Blaza (1980) had found a mean difference between duplicate measurements of
2% in six obese women,
All of these estimates of CVW in 24hEE measurements were derived from measure-
ments with direct calorimeters, except for the figure of 1.5% which originates
from indirect calorimetry (Dallosso et al., 1982). The va includes errors
of measurement, besides sources of variance Tike biological variability and dif-
ferences in behaviour, Since techniques of direct and indirect calorimetry dif-
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fer, figures derived from direct calorimetry may not be appropiate for use in
indirect calorimetry. Furthermore most of the va's originate from duplicate
measurements with a time interval of twe weeks or less. In the studies on ther-
mogenic stimuli, however, the time interval between measurements varied from a
few days to one month, and in studies on the effect of long-term over-feeding
and under-feeding (for instance slimming) on energy metabolism, time intervals
of 4 weeks and more are nat uncommon (Norgan & Durnin, 1980; Webb & Abrams,
1983; Webb & Annis, 1983; Bessard et al., 1983).

The aim of this article is to present data on the reproducibility, at group
level and individual level, of energy intake and 24hEE measured by indirect
calorimetry, The data concern 10 female subjects who were measured twice, each
time during three consecutive days, with the same energy intake and the same
standardized physical activity pattern, and with a time interval of between 2 and
24 months.

MATERIALS AND METHODS

Subjects

The subjects were ten apparently healthy women. Each completed two experimental
periods (periocd I and period II) of which the design is given below. Character-
istics of the subjects are given in table 1., Three subjects were smokers; these
were allowed to continue smoking during the experimental periods.

Subjects 1 to 6 had already spent one or four days in the calorimeter prior to
experimental period I. It may, therefore, be assumed that these subjects were
familiar with, and well adapted to, the calorimeter. Subjects 7 to 10 were fam-

Experimental period I Experimental periodIl
Day number lLi2i3la]sls]7]8] time—interval HBMM
2—24 months
Weight maintenance diet » I:::I [:
Faeces and urine collection ——3 —
Calorimetdrsession —3 —

Figure 1, Timetable of the subjects.
* duration of experimental diets was 8 days for subjects 4 to 10, and 6 days for subjects 1 to 3
in experimental period I



- 23 -

iliarized by clear and careful explanation of the procedures and the calorimeter
one to two months before and the evening before the measurements started,

Experimental design

Figure 1 summarizes the experimental timetable. Each subject was submitted to
two experimental periods, period I and period II. The subjects followed the same
protocol in both experimental periods except for subjects 1 to 3 whose experi-
mental period I lasted 6 days (fig. 1). Each experimental period consisted of
the consumption of an experimental diet {for 6 or 8 days), which was designed to
meet the individual energy requirement of the subject. Faeces and urine were
collected during the last 4 days and the subjects occupied the calorimeter dur-
ing the last three days of each experimental period. Three 24hEE measurements
vwere made during each calorimetry session.

Some of the data originate from two different studies, which had both been ap-
proved by the Ethical Committee of the department of Human Nutrition, Agricul-
tural University, Wageningen.

Diets

The diets were designed with the use of the Dutch food composition table (1981).
The contributions of energy from protein, fat and carbohydrate to the metaboliz-
able energy intake of the experimental diet were 14%, 40% and 46% respectively,
simulating the composition of an average Dutch diet,

Food items, food preparation, storage and sampling procedures have already been
described by Van Es et al. {1984). The food was weighed out to the nearest 0.1 g.
The subjects had to eat and drink everything provided.

The diet during experimental period I was identical to that in period II, except
for subject 1, who consumed 1.2 MJ/d Tess in experimental period II.

Gross energy intake was calculated by multiplying the weight of the provided
foods with their energy content. Subtraction of energy losses in faeces and
urine from gross energy intake yielded the metabolizable energy intake.

Collection of faeces and urine

Faeces and urine were collected during the last 4 days of each experimental
period. Faeces were collected, refrigerated and subsequently pooled, weighed,
freeze-dried and sampled. Urine collection started and ended after voiding in
the morning. Urine was collected in 1-litre plastic bottles containing mercury-
jodide as a preservative, It was then stored in the refrigerator, pooled,
weighed and sampled.
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Measurements of energy espenditure

Apparatus: Two whole body indirect calorimeters were used. The calorimeters and
gas exchange measurements have already been described by Van s et al. (1984).
Three consecutive 24 hour gas exchange measurements were made during each experi-
mental period. Each measurement started at 7.30.

The 24 hour composite samples of the air entering and leaving the calorimeters
were analysed volumetrically for oxygen {0,)- and carbon dioxide {C0,) concen-
tration using a Sonden apparatus.

Brouwer's equation (1965) was used to calculate 24hEE from 0, consumption; €0,
production and urinary nitrogen {Ny):

24hEE (k&) = 16,18 x 0, consumption (1) + 5.02 x C0, production (1)- 5.99 x Nu {g).
Before calculation of 24hEE, 0, consumed and CO, produced by burning cigarettes
was subtracted from 0, consumption and CO, production. The correction term for
protein oxidation in the equation (-5.99xN,) Towered 24hEE by an average of 0.7%.
This term was used only in the calculation of the mean 24hEE over 3 days. In
single 24hEE data this correction term was neglected, thus resulting in about
0.7% higher 24hEE values.

Procedure in the calorimeter

The two calorimeters were used simultaneously. Subjects could see each other
through a large window in the connecting wall between’ the calorimeters, and
could talk to each other by intercom. Subjects wore their own clothes and ad-
justed their clothing to their own comfort. The ambient temperature was set at
21-22°C during the daytime, and at 19-209C at night, but was adjusted when sub-
jects felt uncomfortable. Relative humidity was kept between 60-80%.

Subjects entered the chamber in the evening 8-9 h before the gas exchange measure-
ment started. They were awoken at 7.45 and followed a standard daily activity
schedule. This schedule included 5 times 15 min bicycling on a hometrainer at a
speed of 24 km/h, without load: at 8.45, 12.15, 13.30, 17.30 and 22.30. Subjects
prepared for bed at 22.45 and were in bed from 23.15 until 7.45. The rest of the
day was filled with sedentary activities and some spontaneous activities, like
preparing coffee, tea or meals, washing dishes etc. The schedule was meant to
simulate a 1ight housekeeping- or sedentary working-day.

Analyses of food, exereta and cigarettes
Energy content of food items, urine, faeces and cigarettes was determined using
a static bombcalorimeter. Nitrogen content of urine was determined by the Kjel-
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TABLE 1

Characteristics of 10 female subjects at the time of experimental periods I and II. Individual differences,
between period ! and I1, in body weight (BW)'and body fat percentage (BF)? are indicated by ABW and ABF,

subject age*  height BW I BW ] ABW BF 1 BF I ABF interva?

year m kg kg kg 4 % % months
1 22 1.77 63,0 62.6 0.4 22,5 23.4 -0.9 13
2 23 1.73 7.1 69.9 1.2 36,1 - - 2
3 23 1.66 68.7 71.5 -2.8 32,7 6.4 ~3.7 12
4 28 1.73 54.1 55.0 -0.9 20.3 19.0 1.8 7
5% 36 1.63 59.0 60.8 -1.8 2. - - 5
[ 24 1.68 67.3 65.0 2.3 35.4 3.8 3.5 7
7 25 1.63 54,4 55.4 -1.0 25.5 26.7 -1.2 10
8 25 1.62 63.5 64.9 -1.4 28.5 32.5 -4.0 4
9" 29 1.76 60.4 58.4 2.0 24,2 21.1 kR | 24
10 3 1.66 113.2 1006 12.6 40.9 36.3 4.6 1t
Mean® 27 1.69 62,4 62.6 -0.2 27.1 27.3 -0.2 10
sd 5 0.06 6.0 5.9 1.8 5.4 6.5 N 3

'mean body weight during 3 day calorimetry session

Zhody fat % derived from underwaterweighing

Sage at time of experimental period ]

Y smokers

523::;;?‘ subject 10 excluded from mean BW I, BW 11,ABW, BF 1, BF II and ABF, because of large body weight

dah1 method (International Organization for Standardization, 1979) using mercury-

oxide as a catalyst.

Analyses of results

Reproducibility is defined as the degree of agreement between repeated measure-
ments, using one technique on the same subject or on the same group of subjects
at different times. It depends on the variance due to error, which includes
variance due to errors in measurements, interaction terms, biological variabil-
ity and behaviour. This variance due to error will be referred to as within-
subject variance.

Reproducibility at the group level was tested using Student's t-test for paired
samples. When the difference between mean values was not significant {p > 0.05),
the measurement was considered to be reproducible at the group Tevel.
Reproducibility at the individual level is expressed by the within-subject co-
efficient of variation (CVW). A small CVw means that the measurement is highly
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reproducible. The CV was estimated as follows: the mean of individual differ-

ences and the var1ance of these differences (SDd1f) were calculated. N1th1n-

subject variance may be derived from SDd1f (SD = SDd1fxD 5). The CV,, (=

was calculated for all the data presented here.

Three different va‘s between periods were calculated for 24hEE:

(n CVw3 was calculated from the individual differences in the mean of three
subsequent 24hEE measurements (day 6+7+8; fig. 1) between the two periods.

x100%)

ean

In this calculation 24hEE was not corrected for protein oxidation.
(2) CV,. was calculated from the individual differences in the mean of two sub-
sequent 24hCE measurements (day 6+7; fig 1} between the two periods,
(3) CV 2 was calculated from the individual differences in the 24hEE for one
day (day 6; fig. 1) between the two periods.
Analysis of variance was performed to test for an effect of the sequence of days
spent in the calorimeter, and of the period of measurement on 24hEE. The CVW
within periods was calculated from these computations. Calculations were per-
formed using SPSS (Nie et al., 1975)

RESULTS

Body weight and body composition

Table 1 shows the change in body weight and body composition of the individual
subjects between the experimental pericds. Subject 10 Tost 13 kg in the 11 month
interval between the experimental periods. Her data were excluded from analyses
on reproducibility between periods. Mean body weight and body composition did
not differ between periods I and II. The within-subject coefficient of vari-
ation in body weight was 2.0%, and that in body composition was 8.0%.

Energy intake

Individual gross energy intake, digestibility and metabo!izabiiity in each ex-
perimental period are presented in table 2, Data on subject 1 were excluded
from testing for differences in gross energy intake and metabolizable epergy
intake between periods, because for experimental reasons her gross energy in-
take was not the same. Her data were included, however, in analyses on digest-
ibility and metabolizability of the diet. Mean differences in gross energy in-
take, digestibility, metabolizability and metabolizable energy intake between
periods were not significantly different from zero. Reproducibility at the in-
dividual level, as indicated by CVy of digestibility and metabolizability were
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TABLE 2
Gross energy intake (GE}, digestibility (DEY) and metabolizability (MEX) of 10 female subjects during experi-
mental periods I and II. Differences between periad I and II are indicated by AGE, ADEY and AMEZ.

subject GE I GE II AGE DEX 1 DEX II ADEX MEZ 1 MET 11~ AMER
MJ MJ M % % H £ % %

1+ 11.29 9.72 1.67 92.7 95.0 -2.3 83.6 91.2 -2.8

10.28 9,98 0.29 93.5 93.4 0.1 89.7 89.4 n.3

3 10.29 10.24 0.05 92.8 92.0 0.8 3.4 88.0 0.4

4 9.64 9.48 0.16 93.0 §2.2 0.8 8.9 8E.4 0.5

5 10.70 10.60 0.10 96.9 91.8 5.1 92.6 87.9 4.7

6 10,28 10.41  -0.13 93.8 94.3 -0.5 89.2 90.5 -1.3

7 10.49 1.7+ -0.22 94.6 93.7 0.9 90.8 89.8 1.0

B 10,21 10.37  -0.06 93.9 93.3 0.6 B9.8 89.0 0.8

] 10.50 10.54  ~0.44 85.2 52.1 3.1 90.9 8a.3 2.6

10 11.19 11.39  -0.20 91.7 94,5 -2.8 86.8 90.1 -3.3

mean? 10.31* 10.34% -0,03 94.0 93.1 1.0 89.9 89.2 0.7

sd 0.31 0.45 0.23 1.4 1.1 2.1 1.3 1.2 zA

‘Gross energy intake lower in experimenta)l period II for experimental reasons
*data of subject 10 not inclyded, becayse of large weight change
*data of subject 1 excluded from mean values of GE and AGE

1.7% and 1.7%,

FEnergy expenditure

Data on 24hEE measurements are shown in table 3. There was no indication that
the 24hEE within experimental periods differed systematically between days. The
within-subject coefficient of variation of 24hEE measurements in experimental
period I was 2.6% and that in period II 1.8% (data of subject 10 included).

Mean 24hEE {corrected for protein oxidation) over 3 days (MJ) in period I was
8.78 (SD 0.63) and in period II 8.73 (5B 0.66). Analysis of variance showed that
the variance due to experimental period did not reach significance, The cvw3

was 3.1% (SDw3 = 270 kd). The larger Cv,, in  24nhEE in period I (2.6%), compared
to that in period Il (1.8%), suggests that the subjects in experimental periad I
may have been insufficiently adapted to the calorimeter. Data of subjects 7

to 9 were therefore excluded from analysis (as already mentioned, these subjects
were less familiar with the calorimeter). After exclusion of their data, the
CVw3 diminished to 1.9% (SDwa = 164 kJ; table 4), Table 4 presents values of
the CV . and CV_ of 24hEE, based upon data of al) subjects (except nr 10) and



- 728 -

TABLE 3

Individual ‘24 hour energy expenditure [24hEE) data{MJ) and individual differences (A} in 24hEEL (MJ) between
periods (A1 = Z4hEE day 6 period I - 24hEE day 6 period [T ; A2 = mean Z0hEE daysB+7 period [ - mean 24hEE
days 6+7 period Il ; A; = mean 29hEE days 6+7+8 period I ~ mean 24hEE days 6+7+8 period II)

PERIOD 1 PERIOD 11 A

subject 6 7 8 6 7 8 1 2 3
i 8.49 8.45 8.51 8.38 8.17 8.4z 9.1 0.19 0.16
2 8,23 2,07 8.02 7.96 8.20 8.1 0.27 0.07 0.03
3 8.32 8.36 8.57 8.76 8.41 8.82 -0.44 -0.24 -0.24
4 8.31 7.85 7.99 8.23 7.98 B.18 0.08 -0.02 -0.08
5 9.14 8.79 §.13 8.56 9.05 8.80 0.58 0.17 0.22
& 9.56 9,37 5,28 9.59 9.78 9,98 -0,03 -0.22 -0.38
7 9.46 9.68 8.99 8.34 8.57 8.58 1.12 1.10 0.87
5.94 8.51 9.18 9.03 9.04 8.87 -0.09 -0.32 -0.10

9.66 10.1% -2 9.81 10,12 9.78 -0.15 -0.08 -1
10 14,04 13.93 13.36 12.66 12.42 12.57 1.38 1.44 1,23
mean? 0.16 0.07 D.05
SWy.e 0.46 0.43 0.38
Hiyg 0.32 0.30 0.27

W

Ino data on Z4hEE due to technical failure

2data of subject 10 not included, because of large weight change between periods.
*standard deviaticn of the individual differences

“within-subject standard deviation

on the data from the well-adapted subjects.

DISCUSSION

Energy intake

Since digestibility and metabolizability of this experimental diet were fairly
constant at the group Tevel, the reproducibility of metabolizable energy intake
is good, provided of course that gross energy intake remains constant.

At the individual level, variability in metabolizable energy intake may be due
to the variation in gross energy intake (CVw = 1.6%) as well as to variation in
metabolizability (CVw = 1.7%). Variation in gross energy intake, although
exactly the same amount of food and the same food items were provided, may be
ascribed to variation in energy density of the foods between experiments, and
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to errors of measurement, Dairy products and sausages Tmparticular were subject
to {seasonal) variation in energy content between experiments. Taking into account
the two above mentioned va's, metabolizable energy intake may show a CVw of
V(1,62 + 1.72)= 2.3% (95% confidence interval 1.5% to 4.4%). By preparing experi-
mental diets in a large batch for a whole series the va in energy intake may be
diminished, for the difference in gross energy content between diets will have
disappeared. It is concluded that this variation in enerqy intake is small, and is
likely %o have very little impact on 24hEE..

TABLE 4

Kithin-subject coefficients of variation between periods when 1, 2 or 3 subsequent 24 hour energy expenditure
measurements per period are performed, Within-subject standard deviation is presented between parantheses{kJ)

Z

n=g n=6
within-subject coefficient of variation 1 3.7% (323) 2.8% [238)
within-subject coefficient of variatien 2 3.4% (301) 1.6% (133}
within-subiect coefficient of variation 3 3.1% (270) 1.9% (164)

‘data on subject 10 excluded
lexcluding data from subjects less well adapted to the calorimeter

Energy expenditure

Our results show that mean 24hEE over 3 days with a standardized daily activity
pattern is highly reproducible for groups, provided no significant change in body
weight or in body composition has occurred. The fact that the CV, decreased
after adaptation to the calorimeter indicates that reproducibility at the indi-
vidual level improves after adaptation of the subjects to the calorimeter, One
day's adaptation some weeks before the start of the experiment may be suffi-
cient.

The observed within-period CVw's in 24hEE (2.6% and 1.8%) are well within the
range of values found by other investigators (Blaza, 1980; Dallosso et al.,
1982; Webb & Abrams, 1983; Webb & Annis, 1983; Garby et al., 1984}. These CVw's
are, however, not entirely comparahble to those of the other investigators, be-
cause they originate from consecutive measurements. They may therefore be more
strongly influenced by autocorrelation in 24hEE than the va's of the others.
The most comparable va's are those presented in table 4. It may be assumed
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that these Z4hEE measurements within subjects were independent, as the interval
between measurements was rather long. The value of val = 3.7% (n=9; 95% confi-
dence interval 2.5% - 7.1%) was obtained using similar methods to those of the
ogther investigators, except that the interval between measurements was much
longer. This Cle is higher than the 1.5%, 2.0% and 2.2% mentioned by others
{Dallosso et al., 1982; Blaza, 1980; Garby et al., 1984). The CV,,, of the well
adapted subjects (2.8%; 95% confidence interval 1.7% - 6.9%) is not significantly
different from two of the earlier mentioned estimates: 2,0% and 2.2%. It should be
noted that in our experiment sources of variation were probably present that were
absent or limited in the experiments of other investigators, First, physical activ-
ity, body weight, body composition and Tiving circumstances may have changed,
thus influencing energy metabolism. Body weight showed a small va; body fat
percentage, however, showed a relatively large CVW. This large CVw may be due

more to errors in the body density measurement than to true changes in body fat
percentage. Secondly, metabolizable energy intake on the experimental diet showed

a between-period va of 2.3%, and this may have had a slight effect on 24hEE.
Thirdly, spontaneous activities and behaviour of the subjects in the calorimeter
may have differed between days and periods, although a standard activity pat-
tern was prescribed. Another source of variation may have been the time of 24hEE
measurement with regard to the menstrual cycle. Bisdee % James (1983) reported
that sleeping metabolic rate increased, from the preovulatory to premenstrual
stage of the cycle, by 6%. Webb (1985} mentions that the effect of the stage

of the ovulatory cycle is strong in women in their 20's {7 to 15% increase in 24hEL
after ovulation), but that this effect is reduced or absent in women in theird40's.
The calorimetry sessions in our experiment were planned between menstruation
periads, but since in some subjects the length of the menstrual cycle was un-
predictable, this planning failed in some instances. Garby et al. (1984} and
Dallosso et al. (1982) did not have this source of variation, because they used
men, Webb & Abrams {1983) and Webb & Annis {1983), however, also used female
subjects; this may be one of the reasons for the higher CVw in 24htE in their
experiments.

Table 4 shows that the va in 24hEE between periods decreases as the number of
subsequent measurements is increased. The vag, however, is smaller than the

va3 in the 6 well adapted subjects. This seems likely to be an artefact, but

the CVw values given in table 4 were used to calculate the sample size required
to test a change in Z4hEE induced by, e.g., a thermogenic stimulus. The chosen
levels of significance (a) are 0.05 and 0.071 {one-tajled) and the chosen prob-
ability (1-g} 80% and 90%. The expected change in 24hEE was selected as 3%, 5%
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or 10%. The sample sizes required, when 1, 2 or 3 consecutive measurements are
performed, arve given in table 5.

TABLE §

Number of female subjects required to test a change in 24 hour energy expenditure (24hEE)} within subjects of
3% (260 kJ), 5% (430 kJ) and 0% (860 kJ), with significance levels of a = 0,05 or o = 0,01 and a probabili-
ty (1-8) of BOZ and 90%, when 1, 2 or 3 consecutive 24hEE measurements are performed per sybject. The within-
subject coefficients of variation used are 2.84% (238 kJ) for 1 day, 1.6% {133 kJ) for 2 day, and 1.9% {164 kJ)
for 3 day measurements. (graphs by Owen (1962) were used),

EXPECTED CHANGE IN 24hEE

33 5% 10%
nurber of 24hEE _—— -_— —_—
measurements B 0.2 0.1 0.2 0.1 0.2 0.1

o = 0.05 {one-tailed)
1 3 g 4 5 3 3
2 4 & 3 3 3 3
3 5 & 3 4 3 3
x = 0,01 {one-tailed)
1 12 14 5 7 4 4
2 § 7 4 4 3 3
3 7 9 5 5 3 4

It is clear from this table that no beneficial effect is to be expected from
increasing the number of measurements per subject, when the effect to be tested
amounts to 10% or more of the 24hEE. However, in calorimetric studies intended to
detect small differences in 24hEE, i.e. 5% or Tess, with a high level of signifi-
cance and probability, performing several consecutive measurements per subject
may be advantageous., The figures in the table show no benefits to be gained by
performing three rather than two measurements per subject.

In conclusion, considering the within-subject coefficients of variation in 24hEE,
the reproducibility of 24hEE is high, even over a long period of time., This is
true provided,that body weight and body composition have net changed signifi-
cantly during the interval, that energy intake and physical activity during the
measurements are the same and, last but not least, that the subjects are already
well adapted to the calorimeter. Part of the within-subject coefficient of vari-
ation is due to errors in measurement, suggesting that energy metabolism is a
fairly constant phenomenon under comparable circumstances. Because the reproduc-
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ibility of the 24hEE measurements in female subjects is high, one measurement

on relatively few subjects may suffice te test an expected change of 10% or

more in 24hEE. To test smaller changes in 24hEE (5% or Tess) it may become prof-
itable to increase the number of consecutive 24hEE measurements, rather than
increasing the number of subjects,
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ABSTRACT

This energy balance study was designed to estimate the energy requirements of
lean and overweight women., Twenty-nine Tean and eighteen overweight women con-
sumed a diet providing enough energy to maintain body weight (energy regquirement
level) for 8 days. The last 80 hours of the 8 day experiment were spent in a
whole body indirect calorimeter. Three 24 hour energy expenditure measurements
were made on each of the subjects. A standard physical activity schedule was im-
posed on the subjects during their stay in the calorimeter. This schedule simu-
lated a light activity work- or light housekeeping dav.

The mean body weight of the lean subjects was 59 = 1 kg (mean t SEM), and that of
the overweight subjects 94 = 5 kg. Fat free mass {FFM) was higher in the over-
weight subjects (52 t2 kg) than in the lean subjects (45 + 1 kg; p < 0.001).
Actual metabolizable energy intake was measured by analyzing food, urine and
faeces for energy. Mean energy intake was 8.88 + (.13 MJ in the lean subjects and
10.12 £ 0.29 MJ in the overweight subjects. Mean 24 hour enerqy expenditure
(24hEE) of the lean subjects (8.58 £ 0.13 MJ) was lower than the mean energy
expenditure of the overweight subjects (10.70 £ 0.45 MJ}; p < 0.001). Energy
balance, calculated as energy intake minus mean 24 hour energy expenditure, was
close to zero in both Jean and overweight subjects. Twenty-four hour energy expen-
diture was, therefore, used to estimate energy reguirement,

Twenty-four hour energy expenditure was positively correlated with body weight
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(r = 0.91), FFM (r = 0.78) and urinary creatinine excretion (r = 0.79).

Multiple regression analysis showed body weight to be the best single predictor
of 24 hEE. However, body fat % did contribute 2% to the total explanation of the
variance in 24hEE. Energy expenditure while sleeping in bed, similar to resting
metabolic rate, was best predicted by a combination of body weight, 24 hour
creatinine excretion and smoking during the preceding daytime,

The observed EE values in the lean and overweight subjects are discussed with ref-
erence to data from other studies. It is concluded that, in consideration of
counselling and treatment of overweight, our data may be useful for prediction of
the energy requirements of women between 20-50, in normal life.

INTRODUCTION

Many people in affluent societies are overweight. Overweight may be defined as an
excess of body weight in relation to height. It is normally expressed by the Body
Mass Index (BMI; weight(kg)/height2{m}). Garrow (1} proposes as a cut off point,
for overweight as well as for obesity, which is an excess of body fat, a BMI of

25 kg/m2. Prevalence rates of overweight in the Netherlands (2,3) are approximate-
ly 25-30% for males and females (18-65 yr) and 24% for males and 14% for females
in a young adult population (19-31 yr). The health risk associated with overweight
{4), the tendency of overweight persons to remain overweight and the weight gain
after weight reduction (5,6,7) stimulate the search for underlying causes for the
imbalance between energy intake and energy expenditure.

Spitzer and Rodin (8) reviewed studies on the eating behaviour of normal weight
and overweight individuals. They state that "....research evidence from laboratory
studies suggests that overweight subjects do not eat more than normal weight sub-
jects...", but also that "...it appears thait there is somewhat more support for a
relationship between body weight and amount ordered and/or consumed in naturalis-
tic studies than in laboratory studies". They suggest that these conflicting find-
ings may be due partily to the overweight population under study; ji.e. in most
studies overweight subjects were in a weight-maintaining and not in a dynamic
weight-gaining phase. A food consumption study using a 2 d food record {9) re-
vealed a negative correlation between body fat percentage and energy intake in a
young adult population even after adjusting for changes in body weight. These
findings suggest that the overweight may have a lower energy requirement and/or
use their food energy more efficiently than lean people, provided their physical







