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Energy restriction, the basis for successful ageing in man?

Erica J.M. Velthuis-te lVierik and Henk van den Berg

TNO Nutrition and Food Resea¡ch Institute, Zeist, The Netherlands

Nutrition Reseørch 1994; 7: lll3-1134

ABSTRACT

Restriction of energy intake (ER) without essential nutrient inrake deficiency retards ageing
and extends life span in various animal species. Although several potential mechanisms
have been put forward, the mechanism behind this phenomenon remains unknown. This
review describes the effects of ageing and energy restriction on three physiological systems
(energy expenditure, free-radical activity and endocrine regulation) that are involved in the
metabolic adaptation to ER and that seem to play an important role in the ageing process.
Since ageing is a general biological phenomenon it seems likely that ER has the same
beneficial effect on the ageing process in man. This article summarizes the effects of ER
and ageing on these three physiological systems in both animals and man and attempts to
explore the potential application of ER in man.
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INTRODUCTION

The phenomenon that restriction of the intake of energy while maintaining the intake c

adequate amounts of essential nutrients can retard ageing and extend life span has been firs

discovered in the thirties by McCay et al.l Since then similar results have been observe

in a great variety of animal species such as rats, mice, fish and flies (for reviews see''t'

Moreover, energy restriction not only retards ageing but also prevents or delays the onst

of many age-related diseases in animals.a

The mechanism through which energy restriction modulates the ageing process i

unknown and is difficult to assess as determinants of the ageing process itself have not yt

been identified. The physiological systems involved in, or affected by, the metaboli

adaptation to energy restriction seem to play an important role in the ageing procesr

Reported effects of ageing and energy restriction on metabolic rate, the neuroendocri¡

system and oxidative stress, i.e. free-radical production and scavenging capacity, are at leal

suggestive of common or integrated modes of action.

In this article the effects of energy restriction and ageing on these three physiologici

systems will be summarized and discussed. It is beyond the scope of this article to revie'

all studies and reports published on the mechanisms and physiological systems involved i

the intriguing, but very complex, relationships between metabolic adaptation, energ

restriction and ageing. In this article we present the 'state of the art' and discur

experimental studies to explore the potential application of energy restriction in mar

stimulated by the ideas of Weindruch and Walford3 and their suggestions for a dietar

regimen of 'undernutrition without malnutrition'.

THE EFFECTS OF AGEING AND ENERGY RESTRICTION ON ENERG

EXPENDITURE

The basal metabolic rate (BMR) is defined as the rate of energy expenditure in a subje

who is fasting and completely relaxed in a thermoneutral environment. In practice, tl

resting metabolic rate (RMR), in the postabsorptive state and physically at rest, is usual

the best approximation of the BMR that can be achieved. The terms are us(

interchangeably here.

Ageing and energy expenditure

Ageing is associated with a decline

mainly due to the loss of fat-free

significant effect of age on RMR

in RMR.5-8 Some studies indicate that this decline

mass (FFM) with age,e'ro but others demonstrated

which is independent of the loss of fat-free ma
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(FFM).11'12 Since these contradictory findings might be a consequence of different levels ol
physical activity in elderly people, Poehlman et a1.12 compared RMR in sedentary younger
and older men with individuals of similar age who regularly participated in aerobic exercise
Besides an age-related decline in RMR (which was independent of FFM) it was noted thal
regular physical activity diminished this age-related effect.

Thus, with ageing, BMR is reduced in the elderly and this decline is largely, bur
probably not totally, due to the age-related fall in fat-free mass. The fall in FFM and BMR
with age might be attenuated by regular physical exercise.

Animals

Sacherl3 proposed that energy restriction influences the ageing process by reducing the
metabolic rate, i.e. by reducing 'the rate of living'. McCarter et al. studied BMR in rats
after restricting their energy intake for 6 months,la and during their total life span.ls They
did not find a difference in metabolic rate per kilogram fat-free mass between male
Fischer 344 rats fed ad libitum and rats on a food-restricted regimen (40% reútction). These
findings suggest that energy restriction does not lower the metabolic rate per unit of
metabolic mass. This negative answer to the question 'Does food restriction retard ageing
by reducing metabolic rate?' has been criticized by Lynn and Wallwork.r6 In their opinion,
the problem with McCarter's calculation is that they related oxygen consumption to fat-free
mass rather than to functional metabolic mass. Lynn and Wallwork hypothesize that the
flow of electrons to oxygen must be faster through the metabolic mass of the animals fed
ad libitum, since the amount of metabolizing tissue in both ad libitum fed and restricted
animals was calculated to be approximately equal but oxygen consumption was higher in
the ad libitum fed animals.

As contrasted with McCarter's finding, BallorlT'r8 observed in obese male and female
Sprague-Dawley rats a decrease in 23-hour and in resting oxygen uptake after 11 weeks of
moderate (-2580) and severe C\OVI) energy restriction. When corrections were made for
body weight, moderate restriction had little effect on metabolic rate, whereas more severe
deprivation lowered metabolic rate, even when metabolic rate was expressed per kgo 75, one
of the methods commonly used to correct for the reduction in metabolic rate that occurs as
a consequence of the loss of body mass alone.

As indicated, changes in body composition, i.e. functional metabolic mass rather than
FFM, play an important role in the change in BMR. However, since accurate measurements
in vivo of functional metabolic mass are not yet available, one can only use FFM as an
indicator. A decrease in FFM leads to a decreased BMR. Therefore, loss of FFM during
periods of energy restriction should be minimized. From these animal studies it seems that
energy restriction lowers metabolic rate due to the loss of FFM. However. more severe
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energy restriction (5070) in adult rats may lead to a more efficient metabolic rate, i.e. i
larger decrease in BMR than can be explained by the loss of FFM, which probably reflectr
reduced functional activity.

Man
One of the first experiments into the effects of energy restriction in man has been performer

by Keys et al. in the early 1950's.1e In their Minnesota Experiment, in which 32 health5

men received 5O% of their habitual intake (semi-starvation), the investigators demonstratec

that BMR decreased during semi-starvation. After 24 weeks of semi-starvation mean oxyger
consumption had decreasedby 38.97o, per square meter of body surface by 31.37o, per k6

of body weight by 19.5% and by 15.57o per kg 'active tissue' (active tissue = bod)
weight - (extracellular fluid + fat + bone mineral)). At the end of the experiment there war

no further change in BMR, indicating that a new equilibrium had been reached.

Most of the more recent experimental studies into the effects of energy restriction or

energy metabolism have been performed in obese people. In several studies a veryJow.
caloric diet (1,380-4,180 kJ/day) during a few weeks resulted in a decreased BMR.20-2

Except in one study,2o this fall in BMR was still significant when expressed per kg bodl
weight or per kg FFM. In longer-term studies (12-48 weeks) in obese subjects an absolutr
reduction in BMR has been found23-27 although in most of these studies these reductions

were no longer statistically significant when expressed per kg body weight or per k¡
pp¡11.22'zs'zt These experimental studies suggest that in obese subjects energy restriction lead¡

to a decreased BMR and that over a short period this decrease may be due to a decreasec

metabolic activity of the tissues, but that in the long run the loss of body tissue contributer
to the lowered BMR.

In people on a habitually low energy intake the reduction in BMR may be in the ordel

of l0%.Å In an epidemiological study into the relationship between RMR and differen
parameters of body size it has been observed that, per kg FFM, RMR in the obese wa¡

higher than in normal-weight subjects,2e but after weight loss this RMR seems to be similal
to that of women who have never been obese.3o These epidemiological results suggest thar

obese persons may be less efficient in energy utilization. Shetty and Soares3r'32 observed

in chronically undernourished labourers with a lower daily energy intake than thr
age-matched control group, that the average BMR was lower in the undernourishec

labourers in absolute terms, but also per kg body weight per day, per kg FFM per day anc

per unit body surface area. From this study, Shetty concluded that a decreased body weight
adjustments in physical activity and possibly an increased metabolic efficiency in energl
utilization contribute to the maintenance of energy balance. In adolescent girls sufferinp
from anorexia nervosa RMR, either expressed in absolute values or per kg body weight or

per kg FFM, was found to be significantly lower than in matched controls, which mosl
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probably is an adaption to semi-starvation.33'34 The results of BMR measurements ir

anorexia nervosa patients are similar to those in Keys' experiment mentioned before.
From several reviews on the effects of a negative energy balance it can be concluder

that the BMR per kg body weight is not significantly reduced in moderate undernutrition
Only when the energy deficit is severe, i.e. much body weight has been lost, there is i

measurable fall in BMR in absolute terms but also per kg body weight. This fall in BMI
will be greater in lean than in obese subjects.2a35-3'1

In summary, it may be concluded that, although the limits are hard to define, in botl
animals and man severe energy restriction lowers RMR expressed in absolute terms. Fron
studies performed in man it appears that the effect is greater in lean subjects than in thr
obese, due to a relatively greater loss of FFM. Loss of FFM should therefore be minimized
Long-term energy restriction, for example in undernourished labourers and in anorexii
nervosa patients, decreases the activity of metabolic tissue and probably increases metabolir
efficiency, since in these studies RMR expressed per kg FFM was also reduced. Decreaser
metabolic activity might be the result of decreased thyroid function or sympathetic nervour
activity. The effect of energy restriction on the (neuro)endocrine balance will be discusset
elsewhere in this manuscript.

EFFECTS OF AGEING AND ENERGY RESTRICTION ON FREE-RADICAI
ACTIVITY: OXIDATIVE STRESS AND DNA DAMAGE

Oxidative stress

Free-radical reactions have been suggested to be responsible for the progressivr
accumulation of age-related degenerative changes and to a loss of functional capacity dut
to oxidative damage. This implies that reactive oxygen species, or free radicals, arr
produced incidentally and uncontrollably during aerobic metabolism. Once generated, frer
radicals initiate or promote the deleterious reactions that underlie the ageing process.

The suggestion by Sacherl3 that energy restriction reduces the metabolic rate, and b1

doing so, retards the ageing processes has been widely embraced. Indeed, Harman3s linkec
this hypothesis to the 'free-radical theory of ageing'. His view was that by lowering thr
metabolic rate, the rate of electron transport in the respiratory chain will be lowered, leadinp
to decreased production of free radicals and cell damage and thereby to a decreased ageinp
rate. The findings of Chipalkatti3e that energy restriction in mice reduces the damage ir
tissues by free radicals support this hypothesis. Cutlera0 divided mammalian species intc
three separate categories according to thei¡ metabolic potential: averaged over their total life
span rnost mammalian species expend abolt 220 kcal/g body weight, cat and non-humar
primates about 458 kcallg, and man, capuchins and lemurs about 781 kcallg. Within these
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three categories the basal metabolic rate is apparently inversely related to species-specifir
life span, which supports the rate of living theory. According to Cutler ageing is partly dur

to free-radical-induced changes in the differentiated state of the cell. In his view, thr

optimal state of differentiation gradually degenerates into a state of'dysdifferentiation' ar

a result of genomic damage by long-term exposure to free radicals. A higher rate o
metabolism accelerates this process.

Another mechanism by which free radicals can modulate the ageing process has beer

postulated by Sohal and Allen.ar'A2 They hypothesize that ageing is due to the loss o
balance between prooxidants and antioxidants in cells, which is necessary for tht

maintenance of the differentiated state of cells. Whether ageing is due to increased levell
of prooxidants (accumulation of free-radical damage) or to decreased antioxidative capacit¡
remains unknown. Roa et al.a3 studied the effects of ageing and energy restriction ol
enzymes involved in free radical detoxification in rats. They observed that the activity an<

the mRNA levels of superoxide dismutase (SOD), catalase and glutathione peroxidast
(GSH-Px) were diminished in older animals and that this decrease was eliminated by energ¡

restriction. This indicates that the beneficial effect of an energy-restricted regimen is relater

to the maintenance of the free-radical scavenging capacity, which is controlled at the leve
of gene expression. These and other changes that occur in ageing but are prevented b¡

energy restriction are summarized in Table 1.1. The data suggest that there is indeed r

relationship between ageing and the activity of antioxidant enzymes as well as betweer
ageing and lipid peroxidation. Generally speaking, in most studies mentioned, a decreast

of the activity of antioxidant enzymes such as SOD, catalase and GSH-Px has been founr
while lipid oxidation increases. This indicates the involvement of peroxidative deterioratior
in the ageing process. Energy restriction, however, seems to improve protection agains

peroxidation in animals, which may result in the life-prolonging effect observed in animals
As compared to younger people, in older people an increased plasma malondialdehydt

content (a marker of overall lipid peroxidation),4-a6 decreased vitamin E level,aa'as decreasec

vitamin C levelas and decrease¿++'+s or unchanged6 GSH-Px activity have been observed ir
cross-sectional studies. From a longitudinal studyaT it appeared that those subjects who dier
during the study had a low SOD inducibility by paraquat (mean 2.47o) at the beginning ot

the study as compared to the survivors (mean 277o). These findings in human studie:

support the observations on free-radical damage and ageing in laboratory animals
Unfortunately, no human studies are available into the effects of ageing and energl
restriction on antioxidants or oxidative stress.
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Table 1.1. Age-related processes and the effect of energy restriction

Enzyme change with
ageu

effect of ER
with ageb

species ref

(Ct-Zn) SOD activity

mRNA level

mRNA level

(Mn)SOD activity

mRNA level

SOD activity
SOD activity

Catalase activity
Catalase activity
Catalase activity

Catalase activity

mRNA level

mRNA level

GSH-Px activity
GSH-Px activity
GSH-Px activity

mRNA level

mRNA level

cyt. P450 mRNA level

cyt. P450 destruction by H202
lipofuscin

TBARs

MDA-oxydation capacity

Lipid peroxidation

Lipid peroxidation

peroxidizability of membr.

J

I

J

J

,t

J

J

I
J

,l

I

,f

I
1

I
J

I
I
I

d

d

n

n

d

n

n

d

d

d

e

d

n

d

n

n

d

n

d

d

d

d

d

d

d

d

rat

rat

mouse

mouse

mouse

mouse

rat

rat

mouse

rat

mouse

rat

mouse

rat

rat

rat

rat

mouse

mouse

rat

rat

rat

rat

mouse

rat

rat

43

43

1,02

r02
t02
103

t04
43

1,02

1,04

103

43

r02
43

1,04

105

43

r02
1,02

106

43

43

107

103

104

106

" I - increase; J = decrease; - - no effect.n n = no effect of energy restriction on age effect; d = diminishing age effect by energy restriction;
e = enhanced age effect by energy restriction

DNA damage

Energy restriction reduces the incidence of spontaneous tumours and delays their
appearance'3'48 Besides lower levels of ingested dietary carcinogens, a decreased metabolic
activity and increased detoxification of free radicals through ER could decrease the
endogenous levels of DNA damage. Indeed, protection of DNA damage by ER has been
observed in rat liverae'so and in the rat's mammary gland.ae Moreover, enhancement of both
specific activity and fidelity of DNA polymerases has been observed in energy-restricted
mice.5r
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Damaged DNA is repaired in vivo by exonucleases and the resulting free water-solub

8-hydroxydeoxyguanosine (8OHdG) is excreted in the urine. Loft et al.s2 observed th
SOHdG excretion decreased with increasing Body Mass Index. The authors speculated th

this may relate to the fact that obese persons have a lower metabolic rate than lean one

As discussed before, obese people have a equal or even higher metabolic rate per kg FFI

than lean ones. The decreased SOHdG excretion in the obese may therefore also be due r

decreased DNA repair.

Energy intake and human cancer incidence has also been the subject (

epidemiological studies. In a review by Weindruchs3 a number of studies are summarizr

in which a relationship between high energy intake and the development of certain hum¿

cancers were reported, since a positive association between Body Mass Index or relatir

body weight and cancer has been demonstrated in most of these investigations. On the bas

of these studies and convincing evidence from studies in rodents he hypothesized that fl
anticancer actions of ER, which are so evident in rodents, may also apply to man.

EFFECTS OF AGEING AND ENERGY RESTRICTION ON ENDOCRIN

REGULATION MECHANISMS

Normal usage of neurons over a prolonged period of time may result in 'wear and tear

Ageing is accompanied by changes in hormonal secretion (blood hormone levels), hormon

responsiveness and neural activity. These changes in the neuroendocrine system have bet

related to specific ageing phenomena such as loss of bone mass, decrease in prote

turnover and in decline of reproductive capacity. Generally, ageing is characterized by r

apparent decrease in homeostatic capacity. Hormones can accelerate or inhibit the ageir

process. Much of the ageing action of hormones comes from long-term studies of roden

subjected to hypophysectomy, thyroidectomy, ovariectomy or orchidectom!. Loss ,

hormones through surgical removal of these endocrine glands slows ageing in many tissu,

and must (in)directly affect the rates of physiological ageing and development of age-relatt

diseases. On the other hand, the evidence that hormones can produce anti-ageing effec

comes mainly from studies in older rats that demonstrate that hormone elevation (gonad

hormones, growth hormone (GH), somatomedins) can inhibit or reverse certain ageir

changes.sa

Changes in food intake and ER induce also a profound effect on hormonal and neur

activity. The life-prolonging effects of ER have been causally related to ER-induced effec

on the neuroendocrine system. ER generally results in decreased neuroendocrine functir

which might have a conserving effect.s5 Several excellent reviews have been written on tl

effects of both ageing and ER on neuroendocrine activity. In this review we will brief
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summarize the main systems involved and discuss especially the interactive effects of both
ageing and ER.

There are several hormonal systems which can be modulated by ageing and/or energy
restriction: 1) the sympathetic nervous system, 2) thyroid hormones, 3) anterior pituitary
hormones and 4) hormones related to glucose homeostasis. In this chapter the effects of
energy restriction on these systems will be described with, for each system, some
introductory remarks on the changes with advancing age.

Stimulation of the sympathetic nervous system, with concurrent release of noradrenaline and
adrenaline, increases the metabolic rate of many tissues and stimulates many organs of the
body' In animals' urinary excretion of adrenaline and noradrenaline increases during
ageing,56 while cardiac catecholamine levels at rest and in response to acute exercise decline
with age.57 Human population studies indicate an increase in plasma catecholamine levels
with advancing age.58'sn This age-related increase in catecholamine concentration seems to
be the consequence of an increased spill over into the plasma rather than a decreased
clearance rate. In response 1o stress, the average plasma level increases to a greater extent
in the elderly than in younger individuals. However, although the average levels of plasma
adrenaline and noradrenaline during stress are greater in the elderly than in younger
subjects, it is noteworthy that there is a substantial heterogeneity among elderly subjects.
The age-related enhancement of catecholamine concentrations suggests that with advancing
age a diminished responsiveness to p-adrenergic modulation seems to occur.5t,5e The
underlying mechanism related to the age-related change in sympathetic nervous activity
remains to be explained.

In Table 1.2 the main results of studies into energy restriction and the neuroendocrine
system are summarized. Changes in urinary levels of catecholamines can be secondary to
altered rates of synthesis, release, turnover and excretion, and to any combination of these.
Underfeeding generally results in reductions in both noradrenaline release and clearance
rates such that the decrease of the plasma concentration of noradrenaline is minimal.fl
However, a fall in plasma noradrenaline has been observed in obese human subjects
undergoing therapeutic semi-starvatior,tt''o' and diminished plasma noradrenaline levels are
found in patients suffering from anorexia neryosa.ór These results indicate that sympathetic
nervous system activity is suppressed by energy restriction.

Thus, with advancing age the sympathetic nervous system seems to be affected but the
precise mechanisms are unknown. Energy restriction results in decreased sympathetic
function which in turn might be responsible for the observed lowered metabolic rate
observed in energy-restricted subjects.
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Ageing. energ]¡ restriction and th]¡roid hormones

The thyroid gland secretes two significant hormones, thvroxine (T4) an

3,5,3'-triiodothyronine (T3). Part of T4 is converted into T3. T3 is about four times ¿

potent as T4, but is present in the blood in smaller quantities and persists for a shorter tirn

than does T4. Both are very important in stimulating metabolic rate and thus play a

important role in energy balance. Thyroid secretion is controlled primarily by thyroit
stimulating hormone (TSH) secreted by the anterior pituitary gland.62

Thyroid failure is common among the elderly.63 The natural history of thyroid failur
has been investigated in a four-year longitudinal study.e It has been found that elevate

TSH levels with normal T4 levels are common in otherwise healthy elderly subjects an

that progression to thyroid failure is common in such subjects. Those with greater elevatior
of TSH or with low to normal T4 values were more likely to progress to thyroid failur
than those with smaller elevations of TSH and those who did not have low to normal T
levels. The age-related decrease in T4 concentration might not be due to a decline of th
secretory function of the thyroid gland, but to an increase in metabolic clearance of T4.

In order to understand the effects of energy restriction on basal metabolic rate thyroi
hormone metabolism has been studied. Short-term animal studies (4-10 weeks) showed thi

energy restriction decreases T4 and T3 concentration but does not affect TSH level.66'

l,ower T3 and T4 levels, but no effect on TSH, could indicate a decreased responsivenes

of the hypothalamic-pituitary axis during underfeeding. Results from long-term animi

studies show no effect on T4 and TSH but the effects on T3 reported are conflicting: on

study noted a decreased whereas another reported no effect on T3.óe

In man the effect of energy restriction on thyroid hormones has also been studier

Short-term very-low-caloric diets (VLCD) in obese people generally results in decreased T

levels and unaltered T4 and TSH levels.20'21'6e -¡"n days of total energy deprivation i

normal-weight man showed early reductions and later increments of T3 and rT3 levels an

a slight and late decrease of T4. Besides these effects, a minute decrease in TSH has bee

seen.7o These studies indicate that T3 plays an important role in the adaptation to conserv

energy stores during energy deprivation. In an epidemiological study Soares and Shetty

noticed that undernourished men had a lower BMR and a lower T3 level but similar T

levels as normally fed controls.

There are only a few studies that have looked at the effects of both ageing and energ

restriction on thyroid hormones. It has been noticed that in old ad libitum fed rats, but n<

in food-restricted rats, T4 levels were significantly lower than in young rats. Serum level

of T3 were unaffected by age or diet.71 However, in another study energy restriction coul

not prevent the age-related fall of T4.6e

In summary, animal and human studies suggest that ageing results in lower T4 levelr

possibly due to an increased clearance rate. This effect is probably attenuated by ER. Th
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observed lower peripheral conversion of T4 into T3 in both man and animals contribute
to a more efficient energy balance by lowering BMR per unit active tissue in th
undernourished.

Since the neuroendocrine system plays a critical role in body functions such a
development, growth, metabolism and immune functions. During early and mature life i
may have an equally important role in regulating the decline in body functions during late
life.72 Meitesss observed three ageing events in the rat: 1) the decline in ability of thr
pituitary to secrete gonadotropic hormones, 2) the progressive increase in pituitary secretior
of prolactin (PRL) and 3) the decline in secretion of growth hormone and somatomedir
(insulin-like growth factor, IGF), and the resultant decrease in protein synthesis. Thesr
ageing phenomena have several features in common. One is that the principal cause fo
their occurrence lies mainly in hypothalamic dysfunction. There seems to be evidence fo
a decrease in release of gonadotropin releasing hormone (GnRH), the peptide that contro¡
secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH). The decreast
of GnRH is probably caused by the decline in noradrenaline activity. Another commor
feature is that these three ageing events appear during the first third to half of the rat's lifr
span of about three years.tt For example, the oestrous cycle in female rats becomes irregular
when they are only 7-8 months old, and by 10-15 months of age they cease to cycle anc
enter into a constant oestrous state without ovulation. In the ageing woman menopausc
generally occurs between 40 and 50 years of age.73 However, caution should be exercisec
before assuming that results of these animal studies can be extrapolated to man. The
changes in pituitary hormones with ageing in man are summarizedby Blackman.Ta In this
review increases in both basal serum LH and FSH, but decreased testosterone levels are
mentioned. Furthermore, variable responses of basal levels of PRL, GH and IGF to ageing
have been reported.

Underfeeding has been reported to suppress the secretion of hypothalamic, pituitary
and target gland hormones. Table 1.2, which summarizes results of several studies, shows
that energy restriction leads to decreased serum levels of at least three anterior pituitary
hormones (FSH, LH, PRL) in animals. Campbell et a1.75 injected their acutely starved (no
food for 7 days) and chronically starved (no food for 7 days followed by % of initial
average for 2 weeks) rats with LH-releasing hormone (LHRH) and thyrotropin-releasing
hormone (TRH). After this injection serum LH and TSH rose significantly in all groups of
rats and FSH and PRL rose in the acutely, but not in the chronically, starved rats. These
data suggest that the reduction in anterior pituitary hormone levels are due primarily to
reduced hypothalamic stimulation rather than to the inability of the pituitary to secrete
hormones.



In animal studies that studied both ageing and energy restriction an increase in serum
prolactin with age was observed, but not in the restricted rats. Testosterone and LH levels
decreased with age with higher levels in the energy-restricted rats.un,71

In 1986, SapolskyT6 postulated his hypothesis about the neuro-endocrinological basis
of ageing. His hypothesis was based on the notion that the neurons in the hippocampus,
which have a high density of glucocorticoid receptors, are involved in the negative feedback
regulation of glucocorticoid secretion and that stress-induced increases in plasma
glucocorticoid concentration, which inevitably occur during the course of daily life, down-
regulate these hippocampal glucocorticoid receptors. This may result in periods of
hypercortisolism. With advancing age periods of glucocorticoidal excess causes degeneration
of hippocampal neurons. Together, these effects form a feed-forward cascade of sustained
hyperadrenocorticism. However, studies into ageing and the hypothalamic-pituitary-adrenal
axis could not completely confirm Sapolsky's hypothesis. In aged Brown Norway rats an
increased adrenocorticotropic hormone (ACTH) response to a conditioned stress stimulus
was found but there was no impairment of the negative feedback action of glucocorticoids.
However, the data supported the concept of an age-induced change in the balance of central
corticoid receptor-mediated effects which consequently affects the set-point of homeostatic
control and in turn, may progressively lead to a condition of age-related neuroendocrine
disturbances.TT On the basis of the 'glucocorticoid cascade hypothesis' it could be predicted
that basal plasma corticosterone levels begin to elevate progressively on a given age. This
prediction was not corroborated by the results of a longitudinal study of ad libitum fed male
Fischer 344 rats.18 Although an increase occurred between 9 and 13 and between 15 and 19

months of age, no further increase occurred between 19 and 25 months of age, while there
was no increase with age in the food-restricted rats. The delay in recovery of plasma
corticosterone levels upon stress was an important piece of evidence in the development of
Sapolsky's hypothesis. In the same Fischer 344 rats it was found that the return of plasma
corticosterone levels in ad libitum fed rats toward basal levels after a restraint stress is
lower in rats 18-19 months old than in those 5-6 months old. However further slowing at

23-24 months, as would be expected on the basis of the 'glucocorticoid cascade hypothesis',
was not observed. In addition, both food-restricted rats and ad-libitum fed rats of the same
age exhibited similar time courses of recovery of plasma corticosterone levels upon stress.

This study shows that the hypothesis that food restriction, at least in part, retards the ageing
process by preventing the development of hyperadrenocorticism may be incorrect.
Furthermore, the two studies described indicate that the 'glucocorticoid cascade hypothesis'
does not describe a major aspect of the ageing process.

18
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Ageing. energy restriction and hormones related to glucose haemostasis
Glucose and free fatty acids are the two main substrates for energy production and thus arr
regarded as the major metabolic fuel. Insulin and glucagon play an important role in tht
regulation of the fuel system. Insulin secretion is stimulated by elevated blood glucost
levels. In skeletal muscle and in adipose tissue, insulin increases glucose transport, glucost
oxidation, glycogen and protein synthesis, but inhibits proteolysis and lipoprotein lipasr
(LPL) activity. In the liver, insulin inhibits gluconeogenesis, and very-low-densitl
lipoprotein secretion. Glucagon, a hormone that is secreted when the blood glucosr
concentration falls, has several functions which are diametrically opposed to those ol
insulin. Stimulated glycogenolysis and increased blood glucose concentration are the mosr
important effects of glucagon.

One of the well-known features of ageing in both animal and man is the progressive
development of impaired glucose tolerance. The precise mechanism is not known yet, bu1
several reasons have been suggested for this deterioration. Amongst these are skeletal
muscle insulin resistance,Te'8o impaired glucose oxidation in sensitivity to insulin
stimulation,sr decreased pancreatic insulin response to glucose stimulus,s2 and decreased
response by the liver to the down-regulation by insulin on glucose output.8o Results of a

recently performed in-vitro study in the whole perfused pancreas and islets of Langerhans
of Fischer 344 rats, indicate that glucose-stimulated insulin excretion is not significantly
altered with age. However, it appeared that maintenance of insulin secretory capacity by
ageing male rats is achieved by enhancement of p-cell sensitivity to glucose.83

Energy restriction influences glucose homeostasis. In rats maintained on a lifeJong
restricted energy intake the progressive early peak of plasma glucose upon oral glucose
loading, which occurs in ad libitum fed animals, does not occur. Nor did the energy-
restricted animals show an increase in peak value with age, which was found in the ad
libitum fed animals.uo Low glucose and insulin concentrations have often been observed
during periods of energy restriction.5e'85-87 The decrease in insulin levels in energy-restricted
animals and man indicates that insulin is the primary signal responsible for fuel control
during fasting in order to survive periods of energy restriction.sT Reduced glucose levels
might be another mechanism by which energy restriction can retard ageing since Ceramis8
advanced the hypothesis that glucose serves as a mediator of ageing. This hypothesis is
based on the fact that non-enzymatic reactions occur between glucose and tissue protein,
termed 'glycation of protein'. Lower glucose concentration and percentage glycosylation of
haemoglobin were found in energy-restricted ruIs (607o of ad libitum)se but not in monkeys
fed 70Vo of ad libitum.s These results suggest species-specific glucose metabolism and
makes extrapolation to man difficult.



Table 1.2. Effect of energy restriction on the hormone system.

Hormone" Effect Subject Period Diet Ref
Adrenaline (pl)

OD
(pt)

(u)

Noradrenaline (pl)

appeafance

clearance

non-obese men

non-obese women

obese women

non-obese men

non-obese men

non-obese men

non-obese men

non-obese women

obese women

non-obese men

rats

rats

rats

obese men

obese women

obese adults

non-obese men

rats

rats

rats

non-obese adults

obese women

obese women

obese men

obese adults

non-obese men

rats

rats

¡ats

non-obese adults

obese women

obese women

obese men

obese adults

non-obese men

10 days

7 days

ca. 3 months

10 days

10 days

10 days

10 days

7 days

ca. 3 months

10 days

28 days

18 days

7 days

6 weeks

15 days

13 weeks

10 days

1 8 days

28 days

6 months

10 days

15 days

4 weeks

6 weeks

13 weeks

10 days

18 days

28 days

6 months

10 days

1 5 days

4 weeks

6 weeks

13 weeks

10 days

400 kcal/day

15 kcal/kg bVday

800 kcal/day

fasting

400 kcal/day

400 kcal/day

400 kcal/day

15 kcal/kg bWday

800 kcal/day

fasting

25%a reduction

25Vo or 50% reduction

fasting

600 kcal/day

320 kcallday

320 kcaUday

fasting

257o redtction

257o reduction

4OVo redtction

400 kcal/day

320 kcallday

730 kcallday

600 kcal/day

320 kcallday

fasting

25Vo or 50% reduction

25Vo redtction

40Vo reduclion

400 kcal/day

320 kcallday

T30lkcalday

600 kcal/day

320 kcaUday

fasting

(pt)

(pl)

(u)

6C

5ç

3C

7C

6C

6C

6C

5ç

3C

7C

66

108

t5

96

21

109

70

108

66

68

60

21

21

96

109

70

108

66

68

60

21

20

96

109

70

TSH

'r4

T3

;
J

J

J

J

¿

,l

,l

,l

,l

)o
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Table 1.2 continued

Hormone Effect Subject Period Diet Ref.
rT3

Growth Hormone

IGF-1

IGF-1 mRNA

IGF-binding protein

FSH

LH

Prolactine

Prolactine mRNA

Testosterone

Cortisol

Insulin

Insulin receptor

non-obese adults

obese women

obese men

obese adults

non-obese men

rats

fats

rats

non-obese men

non-obese men

rats

rats

mice

rats

rats

rats

rats

female rats

male rats

rats

mice

rats

non-obese men

rats

rats

rats

monkeys

non-obese women

non-obese men

mice

10 days

4 weeks

6 weeks

13 weeks

10 days

18 days

10 weeks

7 days

7 days

10 days

28 months

28 months

30 months

28 months

7 days

7 days

1,0,20,24 months

12 months

12 months

7 days

18 months

10,20,24 months

10 days

10,20,24 months

6 weeks

70 days

36 months

7 days

7 days

30 months

400 kcal/day

730 kcallday

6ü) kcal/day

320 kcallday

fasting

25Vo o¡ 50% reduction

507a reduction

fasting

fasting

fasting

407o reducfion

40Vo reduction

52Vo reduction

40o/o rcdtction
fasting

fasting

307o reduction

6 hours/day

6 hours/day

fasting

507o reduction

30% reduction

fasting

30% reduction

40Vo redtction

657a reduction

307¿ reduction

15 kcal/kg bWday

fasting

527o reducfion

I

I
I
,f

,l

J

I
I

I

J

.1.

J

'l,

J

I
1

1

J

J

.t.

,1.

J

I

60

20

96

109

70

108

67

75

87

70

110

110

111

110

75

75

112

1,13

113

75

114

112

70

1,12

86

85

90

59

87

111

" (pl) = analysis in plasma; (u) = analysis in urine
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In conclusion, ageing affects the hormonal system in both animals and man which
manifested in dysfunction of the sympathetic nervous system, decreased T4 concentration

decreased secretion of gonadotropic hormones, and decreased glucose tolerance. This ca

be a result of 'wear and tear' with advancing age. Energy restriction also lowers tl
function of the neuroendocrine system by lowering noradrenaline and T3 in both anima

and man and by lowering FSH, LH, and PRL levels which has only been studied in rat

This confirms the hypothesis that ER may have a conservative effect. Moreover, the findin

that ER prevents the decrease in T4, testosterone and LH provides more evidence for th
hypothesis.

IMPLEMENTATION OF AN ENERGY RESTRICTED DIET

When comparing effects of energy restriction, which have been investigated in both anima

and man, no obvious discrepancies have been found. From this point of view ER could har

a anti-ageing effect in man as well. However, looking at human studies on energy restrictic

it is obvious that, except for Keys' semi-starvation study and some short-term starvatic

studies, most (if not all) studies have been done in obese people. The diets that these obe¡

received were mainly very-low-caloric diets (VLCD's). This is contradictory to the anim

studies in which normal-weight animals were restricted to a less stringent low-caloric die

Thus, to compare the outcomes of animal studies to studies in man it is necessary

perform a study in which normal-weight people receive a moderately energy-restricted di

while maintaining an adequate intake of essential nutrients. To which extent this ener¡

supply should be restricted is open to discussion. However, this restriction should I

achieved in such a way that it is acceptable to the subjects and does not lead

deterioration of physical or mental performance capacity or to other health risks whr

maintained over a longer period of time. Thus, the feasibility of moderate energy restrictir

needs to be studied. It should also be investigated whether long-term moderate ener¡

restriction leads to a new energy balance at a lower basal metabolic rate. A lower ener¡

metabolism due to energy restriction would support Harman's hypothesis which is bast

on the metabolic rate and the generation of free radicals.

With regard to the onset of energy restriction Yu et al.el showed that energy restrictir

started at early adult life was as effective in extending maximum life span of rats than wht

it was started soon after weaning. This proves that energy restriction does not act I

slowing growth and delaying development. Thus, it is not necessary to apply such a regimt

to children. The effects of starting at any later age than early adult life still needs to I

investigated.

Of the three macronutrients present in food, fats provide the most convenient al
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concentrated source of energy, since 1 gram of fat provides approximately 37 kJ, whereas
carbohydrates and proteins provide about 16 and 17 kÍg respectively. In most affluent
societies fat usually contributes 35 to 457o of total energy. Animal and human studies have
shown that diet composition, particularly dietary fat intake, can significantly affect the
amount of body fat.n-e6 In accordance with the growing evidence of a positive association
between dietary fat and obesity, coronary diseases and. cancer, nutrition experts are
recommending that intake of fat be reduced to ca. 3O% of total daily energy intake. The
possibility of replacing fats in foods through the use of alternative ingredients has generated
substantial interest among the food industry and nutrition professionals as well as among
the lay public and news media.

The question that arises from our point of view is 'Does fat (and/or carbohydrate)
substitution lead to energy restriction?'. In other words, is it possible to reduce one,s energy
intake through the consumption of fat (and sugar) substitutes? As an approach to study
whether fat substitutes decrease energy intake, Lyle et al.e7 made use of historical dietary
records. When fat-free foods were substituted in seven selected food categories (cottage
cheese, cream cheese, sour cream, dressings for salads, frozendesserts, process cheese and
commercial sweet baked foods), mean energy intake decreased by 460 kJlday (ca. 6.2vo of
total energy intake). It should be noted here that in this study it was not known whether
energy compensation would occur. Unfortunately, the existing published body of research
literature, summarized by Mela,es does not directly and clearly answer this question. Most
of the studies have been conducted in small patient populations within the confines of a
laboratory or clinic or in free living healthy subjects given fixed meals or limited selections
and have generally been of short duration. In most experiments in which free living subjects
were offered foods covertly reduced in energy content, compensation for most or all the
'lost' energy occurred through increased consumption of these or other foods. With regard
to fat substitutes in particular, the picture is less clear, but it would seem that þossibly not
complete) energy compensation could be expected, accompanied perhaps by a moderate
reduction in proportion of energy derived from fat.e8 Another number of studies confirm that
a compensatory increase of fat reduction is very limited, i.e. that fat reduction has a
beneficial effect on energy intake.ee'l0r It is clear that there is a lack of consensus on
whether fat substitutes will lead to energy restriction. Studies published on this subject have
been carried out in relatively small groups and over a relatively short period of time.
Therefore, long-term studies in large groups of consumers might provide more information
on the compensatory behaviour in subjects consuming fat and/or sugar substitutes.

Besides the hypotheses on which this paper is based, there certainly are other theories
about the routes by which energy restriction may retard ageing. There is still a big challenge
in learning how energy restriction retards ageing but more importantly, although it will be
hard to introduce it as an intervention, in finding out the relevance for man.
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Outline of the thesis

The studies described in this thesis proceed from the phenomenon, described first by
McCay et al.,i that restriction of the energy intake, while maintaining the intake of
adequate amounts of essential nutrients, can retard ageing and extend life span in
rodents. Moreover, diseases associated with ageing are retarded in their onset by energy
restriction (ER). Initially, ER was started soon after weaning, but appeared also to be
effective when introduced to adult animals.2 Without question, ER is an important tool
of the experimental gerontologist for studying the ageing process. However, little is
known regarding its applicability as an intervention with respect to human ageing.
Weindruch and Walford3 state that they feel that this dietary regimen would be effective
in humans, but they also discuss potential dangers and disadvantages. Stimulated by the
ideas of Weindruch and Walford and their suggestions for a dietary regimen of
'undernutrition without malnutrition' the potential application of energy restriction in
man has been studied.

In the first chapter the literature describing the effects of ER on three physiological
processes related to ageing, i.e. adaptation of energy metabolism, free radical reactions
and antioxidative capacity, and modulation of the endocrine system, have been
summarized. From this review the following conclusions were drawn:
- In both animals and man severe energy restriction lowers the resting metabolic rate

(RMR), expressed in absolute terms. Long-term energy restriction, for example in
undernourished labourers and anorexia nervosa patients, decreases the activity of
metabolic tissue and probably increases metabolic efficiency, since in these studies
RMR expressed per kg fat-free mass was found to be reduced.

- In animals, a decrease in the activity of free radical scavenging enzymes with
increasing age has been found. ER, however, seems to maintain and/or improve
protection against free radical damage in these animals, which may play a role in the
life-prolonging effect. Unfortunately, data on the effects of ageing and ER on damage
due to free radicals or free radical scavenging capacity in man are absent.

- Ageing affects the hormonal system in both animals and man which is manifested in
dysfunction of the sympathetic nervous system, decreased T4 concentrations,
decreased secretion of gonadotropic hormones, and decreased glucose tolerance. This
can be a result of 'wear and tear' with advancing age. ER prevents the decrease in
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T4, testosterone and LH which provides evidence for the hypothesis that Eì

maintains the functional integrity of the neuroendocrine system.

Although there certainly are quantitative differences in metabolism between animals an,

man, the effects of ER, with regard to the three physiological processes mentioned i
Chapter 1, described in both animals and man did not seem to differ between thes

species. Based on this knowledge one can argue that ER might have an anti-agein;

effect in man as well. Therefore, there is a challenge in learning how ER retards agein;

and in finding out the relevance for man. However, the lifeJong animal studies are harc

if not impossible, to mimic in interventions with humans. Therefore, this project wa

started with a 1O-week intervention study in order to investigate the applicability as wel

as potential health benefits or risks of a moderately energy restricted diet, aimed at 20ot

ER. The results of this study, performed in 24 healthy non-obese middle-aged men, ar

described in the next five chapters. In Chapter 3 the effects on 'general health

parameters such as lipid profile, blood pressure as well as physical and ment¿

performance are presented. The effects on physical performance are further elaborated ir

Chapter 4. Chapter 5 describes to which extent energy metabolism and bod.

composition are affected by the imposed level of energy restriction. The effects or

fibrinolytic factors are reported in Chapter 6.

Since the beneficial effects of ER on the ageing process might proceed by lowerinl
the production rate of free radicals þrobably secondary to a lower metabolic rate) and/o

by the maintenance of (or enhancing) effective scavenging capacity of free radicals th

effects on the primary antioxidant defence system (antioxidant enzymes as well a

antioxidant vitamins), oxidative damage and on markers of genotoxicity were alsr

investigated in order to compare the effects of short-term ER in man with the effect

observed in animals (Chapter 7).

This first study was performed under strictly dietary controlled conditions and does nc

provide information about the feasibility to reduce the energy intake under 'free living
conditions. Therefore, a second study was executed under 'free living conditions' ir

which the potential of reduced-fat products to reduce the energy intake was investigated

This study was part of a multi-centre sturly, the MSFAT-study (i.e. Multicentre Study or

FAT reduction), on the health effects of consumption of reduced fat products. Th

control and reduced-fat products were provided through a realistic shop in order tr

mimic a 'free living' situation.

The design of this 6 month parallel comparison trial has been described extensively ir

Chapter 8. In the MSFAT-study the same parameters as in the first study wer,
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measured. The effects on fibrinolysis and glucose tolerance are presented in Chapter 9
Since both energy restriction as well as dietary fat intake might affect the antioxidative
capacity, again, parameters that reflect the antioxidantþrooxidant balance were
measured, the results of which are reported in Chapter 10.

To summarize, the studies described in this thesis are performed in order to answer the
following questions:

' What is the potential of implementation of an ER-diet tenable for the longer term?
- what level of ER will be appropriate for the long term?
- how can an ER-diet, acceptable for the long term, be achieved in man?. Does ER result in health benefits and/or health risks?

' Does short-term ER affect the antioxidant/prooxidant balance, a potential underlying
mechanism of the beneficial effects of ER, in man?

Finally, in Chapter 11 the results presented in these thesis are discussed in view of these
questions.
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ABSTRACT

Energy restriction (ER) retards the ageing process in animal models. It is possible that ER
has a similar effect in humans. As a first approach to look after the potential application of
ER in man the feasibility of a moderately energy-restricted diet was studied. 24 middle-aged
non-obese men, selected from men responding to advertisements in regional newspapers,
participated in the study. After a run-in period subjects were divided into two gráupr, u
control group (n = 8) and an ER group (n = 16). Groups were matched on age and body
mass index. The effects of 10 weeks of moderate ER (80% of habitual energy intake) on
body composition, general health (blood pressure, lipid profile, routine clinical chemistry
and haematology), physical and mental performance, and feelings of hunger, satiety and
state of mind were measured. Subjects in the ER group lost about 7.4 x2.6 kg weight
(P < 0'001). This weight loss concerned mainly loss of fat mass. Diastolic and systolic
blood pressure decreased significantly within the ER group (p < 0.05 and p < 0.01
respectively). The increase in HDl-cholesterol level was significantly related to weight loss
(P < 0-05). These results show beneficial effects of 10 weeks of moderate ER on blood
pressure and lipid profile without adverse effects on physical and mental performance and
feelings of hunger, satiety and mood.
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INTRODUCTION

McCay et al.1 were in 1935 the first to find that the restriction of energy intake, w:

adequate administration of essential nutrients, can retard ageing and extend life span in ra

Since then, this finding has been confirmed and extended in a great variety of anin

species such as rats, flies, mice and fish (for reviews see'''). Moreover, it appeared tl
energy restriction (ER) not only extends life span but also prevents or delays the onset

many age-related diseases.3

Since ageing is a general biological phenomenon it is likely that energy restriction t
similar effects in man. Most human studies on energy restriction deal with involunt¿

situations of energy restriction and malnutrition of essential nutrients (e.g. war), with fasti

or with very low caloric diets in obese men or women.}' From these studies one canr

conclude whether moderate energy restriction is beneficial for non-obese human beings. ,

important aspect of extrapolating results of animal studies to the human situation is I

uncertainty about the acceptability of long-term voluntary energy restriction by humans,

well as the uncertainty about undesirable side effects.

It is hard, if not impossible, to simulate life-long animal studies on energy restricti

in human studies. However, as a first approach at least two aspects can be studied in m¡

1) acceptability and feasibility; feelings of hunger and satiety, effects on general heal

physical and mental performance and 2) comparison of the results of short-term ER in n
with short- and long-term animal studies.

It is difficult to assess the level of energy restriction in man. In their semistarvati

study, Keys et al.6 showed that 5)o/o ER led to decreased performance which is I

acceptable for the long term. According to Apfelbaum,t it is likely that adult men can adr

over time at a reduced body weight to about 7,537 kJ (1,800 kcal)/day, without continut

weight loss. Rosss observed in his animal studies that severe energy restriction at older ¿

leads to a decreased life expectancy. However, the lifespan of older rats could be extenc

by a less severe regime of energy restriction. Thus, the age-dependend safe level of enel

restriction in man can only be surmised.

Because of the anti-ageing effects of energy restriction and because of the lack

knowledge about the effects of moderate energy restriction we performed an experiment

which 24 non-obese healthy middle-aged men volunteered to use a moderately enerl

restricted diel (80% of habitual intake). As a first step to explore the applicability t

feasibility of moderate ER in humans, we assessed the effects on general health, physi

and mental performance, feelings of hunger, satiety, and state of mind.
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SUBJECTS AND METHODS

Subjects

Twenty-four apparently healthy middle-aged men (mean 42.9 yr; range 35_50 yr) selected
from men responding to advertisements in regional newspapers, participated in this study.
Subjects who had a normar body mass index (BMI) (mean 24.6; range 20.6-27.2), did not
take medications, did not smoke, and drank less than four alcoholic drinks per day were
included in the study. Each subject was medically screened by a physician. Routine clinical
chemistry, ECG, blood pressure and lipid profile had to be within normal ranges. subjects
who reported to have an extremery high or low energy intake (< 9,300 and > 73,200kJ/day)
were excluded from the study. The study protocol was approved by the Institute,s Medical
Ethical commitee and the participants signed an informed consent form. After completing
the study the subjects received a suitable reimbursement.

Studv desipn

Before the experiment started the participants' habitual energy intake was estimated by
means or a7-day dietary record method. Each participant was visited at home by a qualified
dietitian, who presented and explained this method. The subjects were instructed to record
all foods and drinks consumed and to continue their habitual tifestyle and consumption
pattern' During these 7 record days the dietitian contacted them once by telephone to check
whether there were any questions. After the 7-day period subjects were visited again by the
dietitian to scrutinize the records so that questions as to quantity or vague descriptions could
be resolved' subjects were asked to weigh themselves every morning in underwear before
breakfast and to record their weight to check for weight maintenance.

During the first two weeks of the experiment (run-in period) all subjects received a
weight-maintaining test diet based upon the outcome of the 7-day dietary records. Since
energy intake varied among individuais the subjects were divided into six .energy groups,
with different levels of energy intake, ranging from 9,304 to 73,147 kJ (stepwise increase
by ca' 710 kJ)' when subjects lost weight during this run-in period they were reassigned
to a higher energy group.

After these two weeks the subjects were divided by lot into two groups: a control
group (8 subjects) and an energy-restricted group (ER group; 16 subjects). These groups
were matched on age and BMI. During the next 10 weeks the 8 control subjects were kept
on their weight-maintaining diet, while the other 16 subjects received a test diet that
contained 80% of the energy of their habitual (weight-maintaining) diet, and micronutrient
levels approaching Recommended Dietary Allowances (RDAs). The z0To energy restriction
was achieved by substituting low-fat margarine for margarine, light soft drink for soft drink,
artificial sweetener for sugar, low-fat coffee cream for coffee cream, salad dressing for



mayonnaise, and skimmed yoghurt for whole yoghurt. In this way the intake of fat ar

carbohydrates was reduced while the intake of protein was maintained. This implied th

the relative contribution of carbohydrates and fat to energy intake slightly reduced whi

that of protein increased. An example of a weight-maintaining test diet and an energ'

restricted test diet is presented in Table 3.1.

The total experiment lasted 12 weeks. During the experiment the subjects visited tl
institute every evening to have dinner and to receive their food for the next24 hours. Tl

subjects were not allowed to eat or drink anything but the food they received (exce

water).

Measurements of weight, feelings of hunger and satiety and mood were recorded ever

week before dinner. Mental performance was measured every other week before dinne

Body composition, blood pressure and physical performance were measured at the end r

the run-in period and at the end of the experiment. At the end of the run-in period and

the end of the experiment blood samples were taken for routine clinical chemistry, lip

profile and haematology analysis. The study design is schematically presented in Figure 3.

run-ln
period

intervention
period

week

body weight
under-water weight
blood pressure

blood sample
phys. performance
hunger/satiety
mood
mental performance

Figure 3.1. Study design

Materials and Methods

Body composition. The subjects were weighed in underwear every week (Berkr

Ridderkerk, The Netherlands) before dinner. Body composition was computed fro

measurements of body density using the hydrostatic weighing technique of Brozek et a

Underwater weight was determined with a balance (Berkel, Ridderkerk, The Netherlanc

and residual lung volumes were determined by helium dilution and a spirometer (Volute

Mijnhardt, Bunnik, The Netherlands).

Blood pressure. Blood pressure was measured in supine position by means of

oscillometric method using a digital blood pressure monitor (Omron, Tokyo, Japan) aft

the subject had laid down for 1-5 minutes.

?6

l0 11, 12
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Table 3.1. Example of a weight-maintaining test diet and an energy ¡estricted test diet."

Weight-maintaining Energy Restricted

Breakfast

Lunch

Snacks

Dinner

Total energyb
Fat

Carbohydrates
Proteins

1 slice of brown bread
5 g margarine
20 g cheese, full-cream

3 slices of brown bread
15 g margarine
2 slices of luncheon meat (30 g)
1 slice of saveloy (15 g)
orange or apple

1 slice of Dutch honey cake
20 g cake
250 ml soft drink
200 ml orange juice
2 cups of tea
3 cups of coffee
30 g sugar
27 g coffee cream
% liter low-fat milk

100 g minced meat
100 g paprika sauce
125 g beans
125 g potatoes
75 g uncooked vegetables
15 g mayonnaise
150 g whole yoghurt with fruit

9,304 kJ
37% of total energv
51t/o of total energy
73Va of total energy

1 slice of brown bread
5 g low-fat margarine
20 g cheese, full-cream

3 slices of brown bread
15 g low-fat margarine
2 slices of luncheon meat (30 g)
1 slice of saveloy (15 g)
orange or apple

1 slice of Dutch honey cake
2O g cake
250 ml soft drinþ rlight'
200 ml orange juice
2 cups of tea
3 cups of coffee
30 g artificial sweetener
22.5 glow fat coffee cream
% liter low-fat milk

100 g minced meat
100 g paprika sauce
125 g beans
125 g potatoes
75 g uncooked vegetables
15 g salad dressing, 2SVo oil
150 g skimmed yoghurt with fruif

7,51t kI
37o/o of total energy
48o/a of total energy
77Vo of total energy

' Differences between the two groups are indicated in bold.b Energy and macronutrient contents were calculated with the computerized Netherlands food composition
rable (UCV/NEVO).



Blood analysis. Blood was drawn from an antecubital vein after an overnight fast. Fo

the analysis of lipid profile (triglycerides, total cholesterol, HDl-cholesterol, LDL
cholesterol) commercially available kits were used (Boehringer Mannheim Diagnostica

Amsterdam, The Netherlands; Hitachi 911, Japan). HDl-cholesterol was measured in thr

supernatant fraction after LDl-cholesterol precipitation. Routine clinical chemistry (urea

creatinine, uric acid, total protein, ALAT, ASAT, GGT, albumin, alkaline phosphatase) war

performed with a Hitachi 911, Japan (Boehringer Mannheim Diagnostica, Amsterdam, Tht

Netherlands). Haemoglobin concentration and haematocrit were determined by using a semi

automatic computer-equipped haematology analyser (Sysmex K1000, Japan; D41000
Japan).

Physical performance. Physical performance was measured by means of al

electromagnetically braked bicycle ergometer (HL-600R, Lode BV, Groningen, Tht

Netherlands). The subjects were encouraged to keep on cycling until exhaustion while worl
load was increased every three minutes according to the supramaxirnal 12 min test describer

by Ástrand and Rodahl.t" Maximum oxygen uptake (VOr-max) was measured using ar

Oxycon-4 (Mijnhardt, Bunnik, The Netherlands) in order to establish aerobic capacity. I
blood sample for the determination of lactate was taken five minutes after cessation of tht

test (Boehringer Mannheim Diagnostica, Amsterdam, The Netherlands).

Hunger and satiety. For estimating the subjective hunger and satiety feelings, everr

week before dinner, five so-called visual-analogous scales were used. These scales consis

of horizontal lines with a length of 15 cm, the left and right ends marked with the termr

weak and strong. The subjects were asked to express their feelings at that moment abou

1) having appetite for a meal, 2) having appetite for something sweet, 3) having appetitr

for a snack, 4) satiety and 5) faint with hunger, by making a vertical mark on the scale. Thr

length between the left end of the scale and the vertical mark made by the subject server

as the parameter used in the analysis.

State of mind (mood). The mood of the subjects was measured every week beforr

dinner using a shortened Dutch version of the 'Profile of Mood States' questionnaire." Thi,

questionnaire consists of 32 items measuring five dimensions: 'Depression', 'Anger'
'Fatigue', 'Vigor' and 'Tension'. For every item in the questionnaire the subjects had tt

mark to what extent the item was applicable to his feelings (not at all, a little, somewhat

rather, very much).

Mental performance. For the measurement of mental performance a Taskomat tes

station was used (IZF-TNO, Soesterberg, The Netherlands'2). The subjects had to perforn

a tracking task and a continuous memory task at the same moment. The task lasted 612

minutes. The track was a sawtooth pattern moving upward on the screen. The subject

controlled a little gate by means of a joystick and had to keep the gate centered on the line

The distance between the center of the gate and the track was recorded at 32.6 s. intervals

38
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The mean standard deviation of the distances of each run was used in the analysis. During
the tracking task the continuous memory task was also performed. Every 2.7 s. a lettet
appeared above the gate of the tracking task. The subjects were instructed to react by
pushing a button as soon as an A, B, c, or D (targets) appeared above the gate. The
subjects were told to refrain from reacting when any other letter appeared. During this test
run 107 letters appeared including 2L targets. The number of hits (a), correct rejeJions (d),
false alarms (b) and misses (c) were recorded. From these data the accuracy of target
detection or 'index of discrimination' was calculated, formulated as d, = tn((a*O)/(b*c)j.ß
To prevent undefined cases of d', data with a value equal to zero were reset to 0.5. This
means that d' = 8.90 when no mistakes were made and d, = g.r7 when one mistake was
made' For hits, reaction time was also recorded. Repeated performance on a test leads to
an improvement of the score. To avoid bias introduced by a learning effect the subject had
a pre-experiment practice during which both the tracking task and the continuous memory
task were performed until a plateau value was reached.

Statistics

From most parameters (body weight, blood pressure, physical performance, lipid profile,
haematology) data were collected at the beginning and at the end of the experimental
period' Changes within groups were tested for significance with the paired Student,s t-test,
and differences in changes between the two groups were tested using the unpaired Student,s
t-test.

Since measurements of hunger and satiety, the profile of mood states, and mental
performance were done repeatedly during the whole experiment, regression lines of the data
for each subject were calculated. Differences in slopes of these regression lines between the
two groups were tested with the unpaired Student,s t_test.

Because all participants in this study lost weight during the experiment, pearson,s
linear correlations were calculated befween weight changes (as an indirect measure for the
severity of ER) and changes in parameters analysed. These correlations are presented in
Table 3.4.

BMDP statistical software was used to detect significantly different changes within and
between the two groups, and to calculate correlations between parameters.

RESULTS

Body cornposillo¿. Results for body composition, blood pressure and physical performance
are presented in Table 3.2a.Both the control and the ER group lost weight. As expected,
weight loss in in the ER group was substantial (Þ-igure 3.2). since weight loss is a
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predictible result of energy restriction, this result shows that the subjects complied with ou

study. Weight loss and decrease in BMI in both groups appeared to be attributable almos

entirely to a loss of body fat.

Blood pressure. Diastolic and systolic blood pressure decreased significantly durin¡

the experiment in the ER group. The decrease in blood pressure in the ER group was no

significantly greater than the nonsignificant decrease in the control group. Heart rate at res

did not change significantly in either group.

Physical performønce. During the maximal physical exercise test the control groul

reached a longer cycling time and a higher maximal power output after the experiment thar

before, whereas both parameters decreased within the ER group. Within the groups thes

changes were not significant (except cycling time in the control group). However, change

between the groups were significantly different. VOr-max decreased in the ER group, bu

did not change significantly in the control group. Ve-max, maximum pulmonary ventilatior

did not change during the experiment. Blood lactate concentration 5 minutes after cessatio

increased significantly in both groups and was similar in both groups.

-o- Cul.

_E- ER

Figure 3.2. Mean body weight of the two groups during the study
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Table 3.2a. Summary of the results for body composition, blood pressure and physical performance.u

Controls Energy Restricted

before 
^ER

P Actrl
vs ÀERbefore Acontrols

BLOOD PRESSURE AND HEART RATE

BODY COMPOSITION

BMI (kg/m)
body weight (kg)
fat (kg)

fat free mass (kg)
fat (7o)

systolic (mmHg)

diastolic (mmHg)

heart rate (beats/min)

PHYSICAL PERFORMANCE

VOr-max (l/min)

VOr-max (mllmin/kg)

VOr-max (ml/min/kg ffm)
Ve-max (l/min)

cycl. time (min)

max. power (W)
lactate (mmol/l)

24.6 + 2.2

77.7 + 6.6

18.8 + 6.6

58.7 t 5.6

23.7 + 7.2

121 !9
79+8
62+75

3.2 + 0.7

41.8 1 91

54.3 + 7.6

103 + 19

13.5 + 4.7

236 + 50

10.2 + 2.9

-0.$ + 6.6*x
-2.7 + 2.1**
-2.3 + 2.0*

-0.3 r 0.8

-2.1 + 2.0*

-3.4 + 5.1

-1.9 + 3.0

-2.6 + 4.1.

0.03 + 0.18

1.58 ! 2.33

0.6 + 2.8

7.7 + 12.4

1.3 + 1.1*

4.3 + 5.9

).! + 1.9+*

24.9 + 1..8

78.6 ! 9.3

19.4 + 4.9

60.0 r 5.7

24.4 + 5.0

124 + 1.0

79+8
59+g

3.5 + 0.5

44.4 + 7.3

58.6 + 7.7

104 + 19

L2.7 + 2.3

254 + 40

10.2 + 1.5

-0.18 + 0.30*

1,.46 + 4.41.

-2.8 + 5.2*

-2.7 + 14.1.

-0.5 + 1.6

-6.3 t 13.6

1.1 + 1.4+*

-2.3 + 0.8**t <0.00.1

-J.! + 2.6**x <0.001

-$.$ + 1.9xxx <0.001

-0.7 + 1.4 NS

-$.Ç + 1.7*x* <0.001

-5.Ç + 6.6x+ NS

-4.6 + 6.1* NS

-1.5 ! 4.6 NS

NS

NS

NS

NS

0.010

0.049

0.073

mean values and standard deviations of the control group and the energy-restricted group before (after
a 2-week run-in period) and of the change after the experimental perioã are presented.
P < 0.05, **P < 0.01, **+P < 0.00j for changes within the group.

Blood qnalysis. As shown in Table 3.2b,HDL-cholesterol decreased significantly in
the control group and showed a slight, nonsignificant tendency to increase in the ER group.
The changes between both groups were significantly different. LDl-cholesterol level,
HDl/LDl-cholesterol ratio and the HDl/total cholesterol ratio remained unchanged. The
decrease in body weight was significantly related to increases in HDl-cholesterol
(Figure 3.3). Haemoglobin concentrations decreased significantly and similarly in both
groups. No significant changes have been observed on haematocrit. Routine clinical
chemistry showed in both groups a decrease in the activity of the liver enzymes ALAT,
ASAT, and GGT. Despite the stronger decreases in the ER group, the changes did not differ
significantly between the two groups. Serum creatinine levels showed an increase in both
groups but no differences between the groups could be observed. Uric acid decreased
significantly in the ER group.



Table 3.2b. Summary of the results of the blood analysis and routine clinical chemistry.'

Controls

before Àcontrols

Energy Restricted P Àctrl

before 
^ER 

vs ÂER

BLOOD ANALYSIS
triglycerides

total cholesterol

HDL-cholesterol

LDL-cholesterol

HDL/LDL-cholesterol

HDl/total cholesterol

haemoglobin

haematocrit

1.07 t 0.35

4.88 + 1.03

1.06 r 0.10

3.51 r 1.10

0.37 ! 0.26

0.23 + 0.08

9.90 t 0.15

0.45 t 0.01

-0.14 r 0.16

-0.15 t 0.33

-0.07 t 0.03***
0.04 + 0.30

-0.04 r 0.07

-0.01 r 0.01

-0.38 r 0.36*

-0.02 x 0.02

0.14 + 0.83

4.0 + 3.4*

10.3 + 36.6

0.15 r 3.43

-3.9 + 2.4"*
-1.$ + 1.3xx

-3.8 + 2.6+*

-1.1 + 2.4

4.1, + 5.1,

1.13 ! 0.67

5.07 + 0.93

1.L4 + 0.26

3.54 + L.00

0.36 t 0.18

0.23 t 0.08

9.84 ! 0.42

0.44 t 0.03

-0.22 x 0.50 NS

-0.30 + 0.58 NS

0.02 r 0.13 0.028

-0.08 r 0.51 NS

0.00 t 0.06 NS

0.01 + 0.03 NS

-0.38 + 0.36*+* NS

-0.01 Ì 0.03 NS

ROUTINE CHEMICAL CHEMISTRY

5.44 + 0.74

82.3 ! 3.4

327 + 39

72.9 + 2.8

76.9 + 8.'7

21..6 ! 5.7

20.8 + 12.5

51.1 + 2.2

60.1 + 18.6

utea

creatinin

uric acid

total protein

ALAT
ASAT
GGT
albumin

alk. phosphatase

5.33 r 0.70 0.38 t 1.08 NS

82.4 + 1.0.1 3.1 + 4.7* NS

32L + 54 -33.9 ! 28.3+* + 0.004

73.2 t 3.8 -0.31 + 2.60 NS

20.4 + 7.0 -6.9 + 8.5** NS

24.4 + 4.5 -2.7 + 6.2 NS

21.9 + 8.5 -9.7 + 7.9**+ 0.072

52.3 + 2.0 -0.9 + 1.6* NS

63.7 + 18.8 -$.$ + 7.6*x* NS

mean values and standard deviations of the control group and the energy-restricted group before (aftr

a 2-week run-in period) and of the change after the experimental period are presented.

P < 0.05, **P < 0.01, +**P < 0.001 for changes within the group.

Hunger and satiety. Changes in feelings of hunger and satiety, state of mind an

mental performance are shown in Table 3.3. These changes are expressed as the mean slot

of the regression line of each parameter for each group during the experiment. Subjects i

the ER group showed decreasing scores on 'satiety' (i.e. feelings of satiety seemed I

decrease), but no significant differences in any parameter of the hunger and satiety scorr

between the two groups were observed.

Mood. Slopes of the five states (depression, anger, fatigue, vigor and tension) of tt
Profile of Mood States were all close to zero and showed no significant differences betwee

the two groups.

Mental performance. Data obtained from the measurements of mental performance (tl
tracking task and the continuous memory task) did not show any differences between tt
two groups.

a')
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Table 3'3' Mean slopes and standard deviations ofscores on hunger and satiety, profile ofmood states, anc
mental performance, obtained during the experiment.,

Controls Ctrl vs ER
P

ER

HUNGER AND SATIETY
Appetite for a meal

Appetite for something sweet

Appetite for a snack

Satiety

Faint with hunger

PROFILE OF MOOD STATES
Depression

Anger

Fatigue

Vigor

Tension

MENTAL PERFORMANCE

Tracking error

Reaction time targets

Accuracy target detection, d,

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

A negative slope means a decrease in that parameter during the experiment; a positive slope means anincrease in that parameter during the experiment.
P < 0.05; E*P < 0.01.

DISCUSSION

In this study we investigated the applicability and feasibility of moderate ER in man and
looked after potential benefits and health risks of a moderately energy-restricted diet. We
tealize that a study like this has several limitations. First of all, the study lasted only
12 weeks, because in our opinion one cannot expect subjects to come to the institute every
evening over a longer period of time. However, as no steady state was reached with respect
to weight loss, it seems worthwhile to study the effects of moderate ER on general health
on a longer term. Second, all the food subjects were allowed to eat was provided by the
institute. So it was obvious to the subjects what to eat and thus how to eat restrictedly. It
remains to be seen whether it is also possible to restrict energy intake under ,freeJiving,
conditions. Since in this study short-term moderate ER did not affect physical and mental
performance and feelings of hunger, satiety and mood, it should be feasible to restrict

-2.21 ! 3.14

1.L6 + 2.26

7.17 + 3.64

1.90 + 1.98*

-0.09 ! 2.19

0.00 t 0.04

0.03 I 0.15

0.01 t 0.09

-0.03 ! 0.42
-0.04 + 0.05

-0.08 t 0.06**
-3.53 + 4.50

0.02 t 0.03

-1.36 ! 4.25

1.36 t 3.18

0.95 ! 31.5

-0.21 t 2.88

1.88 1 3.99

-0.08 ! 0.22

-0.06 t 0.33

-0.r2 + 0.44

-0.08 t 0.54

-0.07 r 0.16

-0.07 + 0.09x*
-0.57 + 5.26

0.03 + 0.05*
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energy intake even under 'free living' conditions, although one should keep in mind tha

the subjects in this study were still losing weight when the study was terminater

(Figure 3.2) and it was not clear when they would stabilize on a new, reduced weight

Lastly, the food provided by the institute might, with regard to macronutrient and fatty acit

composition and alcohol content, differ somewhat from the subjects' habitual diet. Changel

in composition of the diet affect the lipid profile.la'1s This might also have occurred durin¡

this study despite a run-in period of two weeks. During the whole experiment subjectr

abstained from alcohol. It is well known that this might lower liver enzymes such as ALAT
ASAT and GGT. However, the decrease in GGT was significantly correlated with thr

relative decrease in body weight, indicating that energy restriction has a beneficial effec

on liver function.

Weindruch and Walford3 regard ER as an ethical option for human use, unde

appropriate conditions. Others are less enthusiastic because of concerns about harmfu

effects in children,r6 but animal studies have shown that ER starting at early adulthood war

as effective in extending maximum life span of rats as ER started soon after weaning.t'17''

As a first step, we studied therefore the applicability of moderate ER in middle-aged men

A level of 2OVo ER was chosen. We regarded this a 'safe' level, well above the 507o E\
reported by Keys et al.6 which resulted in undernutrition and stightly above the 7.5 MJ/da¡

level which, according to Apfelbaum,T is a level people can adapt to.

An accurate measurement of habitual food intake was the basis of this study. Both thr

dietitian and the volunteers were aware of the importance of the dietary record and werr

motivated to record as accurately as possible. Despite corrections made for weight losr

during the 7 dietary record days and during the run-in period, subjects in the control grou¡

lost about 2.lkgduring the L0-week experimental period. This means that the energy intakr

recorded was below the energy expenditure. Assuming that 1 gram adipose tissue has al

energy content of 29.7 kJ,1e a loss of 2lO0 g body fat corresponds with a shortage o

62,370 kJ in 10 weeks, i.e. 891 kJ/day (ca. 8.5% of daily intake). 'We think that, in spitr

of all precautions taken, with the 7-day dietary record habitual energy intake war

underreported, a well known phenomenon in dietary studies. In an evaluation of 14 year

of human dietary intervention studies }r'4.ertz ú al.20 reported an underestimation of habitua

intake of L8%. One possible explanation is that underreporting is subconscious, motivater

by the belief that maintaining a low body weight contributes to a good health and tha

eating less will have beneficial effects. The same phenomenon might have occurred in ou

study, to an extent varying from subject to subject. As a consequence, it looks plausible tha

some subjects have restricted their diet for more lhan207o.

In this study energy-restricted men lost about 7.4 kg weight. About 91.% of this weigh

loss appeared to be loss of body fat, measured by under-water weighing. Although result

for body composition are dependent on the method used for assessment,2r our result

AA
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indicate that almost no fat-free mass was lost as a consequence of moderate ER. Most other
studies into ER and body composition have been performed in obese men or women given
a very low- caloric diets (VLCD) over a certain period of time. In a review of 21 of such
studies lasting from 2 up to 22 weeks, energy intake varied between 7,256 and7,327 kJlday
resulting a in weight loss between 4.0 and 28.3 kg (mean 12.1 kg) and a in loss of fat-free
mass between 1.1 and 7.2 kg (mean 3.5 kg).22 This means that ca. 25% ofthe reduction in
weight induced by VLCD is due to a loss of faGfree mass. Our study indicates that
moderate ER is more beneficial, i.e. lean body mass is conserved at the expense of fat
MASS.

An ER-induced decrease in blood pressure has been found in obese7,23 and in
chronically undernourished labourers.2a Fasting or ER is associated with a drop in plasma
norepinephrine levels, diminished excretion of catecholamine metabolites and cardiovascular
signs of diminished sympathetic activity.2s'26 In this study blood pressure decreased
significantly in the ER group which is in agreement with the observed suppressed
sympathetic activity. However, the decrease in blood pressure in the ER group did not differ
significantly from that in the control group. Across all volunteers the decrease in either
systolic or diastolic blood pressure did not correlate significantly with decrease in body
weight. From this study and the studies mentioned one could conclude that a more
pronounced effect on blood pressure only occurs at a diet more restricted than we applied.

The fact that moderate ER did not affect total cholesterol and LDl-cholesterol levels
confirms to some extent the findings of Wood et a1.27 who studied the effects of a one-year
prudent weight-reducing diet in men with overweight. Regular dietary recommendations in
group sessions extending over one year resulted in a decrease in energy intake by 27Vo, a
decreased (saturated) fat intake and a mean weight loss of 5.1 kg. After this year no
significant changes were found in plasma total cholesterol, LDL-cholesterol and
IIDl-cholesterol levels. As shown in Figure 3.3 and rable 3.4, the increase in
HDl-cholesterol in our study correlated significantly with the decrease in body weight. A
recently published meta-analysis'8 led to the conclusion that weight reduction is inversely
related to changes in total cholesterol, triglycerides and LDl-cholesterol. A reduced
stabilized weight is associated with higher HDl-cholesterol levels, whereas in subjects
actively losing weight lower HDL-cholesterol levels are observed. Since 'obesity' and .diet-

reducing' were key words used in the literature search for this meta-analysis it is very likely
that most of the studies found deal with very low-caloric diets. In contrast with our study,
these diets have a macronutrient composition widely diverging from the habitual diet.
Besides weight reduction, diet composition plays an important role in plasma lipid
profilera'r5 and may explain different outcomes on lipid profile in weight reduction studies.
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Figure 3.3. Relationship between weight loss and changes in HDl-cholesterol concentration.
y = -0.0115 + 0.019*x; r = 0.509; P = 0.011

After the experimental period subjects were encouraged to cycle at least as long as th
first time. The energy required for physical performance is, of course, derived from the foor

eaten, and therefore the capacity of an organism to accomplish physical work will ultimatel.
decrease with continued undernourishment. Decreased physical performance has beer

observed after starvation2e and after 5O7o ER for a longer period of time.6'30 Subjects in th
control group showed a significantly longer cycling time (CT) and thus had a highe
maximal power output after the experimental period than the subjects in the ER group
There were no differences between the two groups in other parameters measured such a

maximum oxygen uptake lVOr-max), maximum heart rate, and maximum ventilato¡
capacity (Ve-max). None of the changes in variables measured during these maxima
exercise tests correlated significantly with weight change, indicating that 10 weeks o
moderate ER does not lead to a decreased physical performance. A maximum performancr
capacity test of any type always includes a motivation or cooperation factor. To obtain thr

best possible score, the individual must be willing to push himself to the limit and tr

continue work until the last possible second of endurance. Thus the motivation factor play

46

Ctrl

t210



an extremely important role in physical performance. It therefore cannot be excluded that
subjects in the ER group stopped cycling earlier because of their 'belief' that it was
impossible to perform better because of their ER.

Scores on feelings of hunger and satiety showed a large standard deviation. Energy-
restricted subjects noted a decrease in satiety feelings and an increase in 'faint with hunger',
which might be expected. However, the large standard deviation might explain why we
failed to find any differences between groups.

Slopes with regard to the Profile of Mood States were all close to zeÍo indicating that
the five dimensions recorded only changed slightly during the experiment. Again, a large
standard deviation might have precluded significant differences between the two groups.

Table 3.4. Linear correlations of parameter changes with absolute and relative weight changes (n=24).1

À weight
(absolute)

Â weight
(relative)

A body mass index

A body fat (kg)

A systolic BP

A diastolic BP

A VOr-max (l/min)

À VO.-max (l/min/ffm)

Â cycling time

A maximal power

A lactate

A HDl-cholesterol

A LDL-cholesterol

^ 
HDL/LDL cholesterol

A hacmoglobin

A creatinin

A uric acid

A ALAT
A ASAT

A GGT

Â albumin

À alkaline phosphatase

p, satiety

B, tracking error
p, accuracy d'

0.933*

0.929+

0.21s

0.281

0.172

0.1 04

0.234

0.235

0.158

-0.509*

0.122

-0.291

0.122

0.061

0.472+

0.290

0.t62

0.394

0.148

0.384

0.407*

-0.248

-0.077

o.932*

0.887*

0.179

0.241

0.247

0.1 93

0.247

0.230

0.386

-0.512*

0.090

-0.256

0.118

-0.006

0.419+

0.222

0.r0t
0.405x

0.164

0.449*

0.395

-0.143

-0.077

' cnly paramotcs showing significant changes within or bctween groups are listed.¡' P < 0.05.



With regard to mental performance no differences between the control and experiment
group were observed on the Taskomat test station, nor did the subjects complain abor

being less concentrated. In the Minnesota experiment by Keys et al.6 in which 23 men wer

subjected to semi-starvation, subjects complained about inability to concentrate, difficulr
in developing thoughts, and declining general alertness and comprehension. However, tÌ
measured intellectual performance did not change. It should be noted here that the factr

of learning may have been a complication in Keys' study. In our study, to minimize tl
learning effect, all volunteers were trained on the test station several times before tl
experiment started.

The results presented here indicate that moderate ER might be a feasible interventic
in terms of health risks and satiety. However, long term effects need further investigation

Another relevant question, not adressed to in this report, is whether ER in man wi
have similar anti-ageing effects as in animals. Although the mechanism through which E

modulates the ageing process is unknown the (short term) changes in man induced by E
can be compared with short term effects in animals. Some provisional data of ER on tl
oxidative stress and the neuro-endocrine system will be reported elsewhere and are subje,

for further investigation.

In conclusion, 10 weeks of moderate ER leads to a significant weight loss which is mainl

due to a loss of fat mass. Further, this study showed that 10 weeks of moderate ER har

significant beneficial effects on blood pressure and HDl-cholesterol levels without havin

adverse effects on physical and mental performance, and feelings of hunger, satiety an

mood.

In future research we will attempt to obviate most of the difficulties of a controlle

study by studying the feasibility of a longer-term moderate energy restriction in subjects ì

' free-living' conditions.
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ABSTRACT

Energy restriction (ER) has shown to be an effective 'anti-ageing' factor in rodents,
resulting in an increased life span and preventing or delaying the occurrence of many age-
related diseases in rodents. As a part of a feasibility study on the potential application of
ER in humans' we studied the effects of moderate ER on physical performance in 24
apparently healthy, non-obese middle-aged men. After two weeks of weight maintenance
the ER group (n = 16) receivedS}vo of their habitual energy intake, while a control group
(n = 8) still received their weight-maintaining diet for ten weeks. physical performance
(bicycle ergometer) was estimated by a maximal (until exhaustion) and a submaximal (30
min at 60% of VOr-max) exercise test. After the experimental period the subjects in the ER
group had a significantly shorter cycling time (a = 1.31 ! r.14 vs. _0.45 + 1.56 min,
P = 0.01), and thus had a lower maximal power output (Â = 4.3 + 5.9 vs. _6.3 t 13.6 watt,
P < 0.05) and maximal oxygen uptake (A = 0.03 t 0.1g vs. _0.1g x 0.321/min, p = 0.05)
during the maximal exercise test, than the subjects in the control group. None of these
changes correlated with weight loss. As in every exercise test, motivation could have played
an important role- During the submaximal exercise test no significant changes between the
two groups in HR, VOr, RER, and FFA, glucose, lactate and catecholamine levels were
observed. It is concluded that 10 weeks of moderate ER lead to a slight but significant
decrease in maximal power output, which is not related to weight ross. Moreover, no
changes on submaximal physical performance and on substrate metabolism have been
observed although significant alterations in body weight (-7.4 t 2.6kg) occurred.
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INTRODUCTION

Already in 1934, McCay and Crowelll reported that restriction of the food intake in rat

markedly increased longevity. Since then, numerous studies have verified the life-prolonginl
effect of energy restriction (ER) in various strains of animal species.2-5 In addition, ER ha

been observed to inhibit the development of age-related diseases, such as atherosclerosi¡

cardiovascular disease and various cancers.6 Although the underlying mechanism(s) of th
'anti-ageing' effect has not yet been unravelled, the effect on the antioxidant and fre

radical scavenging capacity, the neuroendocrine system, as well as on gene expression, hav

all been causally related.T'8

However, during periods of severely restricted food intake the capacity for physica

performance might decrease as has been observed in the semistarvation experiment of Key
et al.e Decreased physical performance capacity would be an undesirable effect that migh

complicate the applicability of moderate ER in man and should hence be preventec

Moreover, dieting is generally practiced in sports, also lean people, which might affec

performance.

Only few studies have dealt with energy restriction and physical performance. Th
subject focused on is either 25 days arrd 26 weeks of semistarvation (i.e. 50% ER),e)

chronic undernutrition in childrenlr or 3.5, 5 and 1 day of fasting.l2-1a To our knowledge

no earlier studies were reported on the effects of moderate ER on physical performance i
the nonobese human. Therefore, as a part of the study into the feasibility of moderat

energy restriction in man, we studied the effects of a 1O-week 20% ER diet on physica

performance parameters. Moreover, to assess metabolic adaptation during moderate energ

restriction, substrate utilization during submaximal exercise was studied.

MATERIALS AND METHODS

Subjects

Twenty-four apparently healthy men, aged 34-51, were selected from respondents t,

advertisements in regional newspapers to participate in this study which lasted 12 weeks

All subjects were nonsmoking, nonobese men (Body mass index < 27 kglmz), and showe

a normal routine clinical chemistry. Each subject was medically screened for the require

test protocol on the basis of a health questionnaire and a medical examination whic
included blood pressure and electrocardiographic measurements. None of the subject

participated in regular sports or fitness programs for more than 4 hr/week.

The study was reviewed and approved by the Medical Ethical Committee of the TN(
Toxicology and Nutrition Institute, and the subjects were provided detailed informatio
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about the test procedures before giving their written consent to participate.

Experimental desisn

Before the experiment started the habitual energy intake of the subjects was estimated by
means of a7-day dietary record. During the first two weeks of the study (run-in period) all
subjects received a weight-maintaining test diet that contained the same amount
(t 0.6 MJ/day) of energy as reported in their 7-day dietary record (range: g.3-I3.2MJlday).

After this run-in period, the subjects were divided into a control group (n = 8) and an
energy-restricted group (ER group, n = 16). These groups were matched for age, height and
initial weight (Table 1). The assignment to groups was done randomly. During the next 10
weeks the ER group consumed a restricted test diet, providing 80.0 t 5.1Vo ofthe energy
of their test diet, while the control group continued their test diet. The 20Vo energy
reduction was achieved by substituting low-fat and artificially sweetened products for
ordinary products. The diets were composed such that the relative contribution of the
carbohydrates, fat and protein to total energy intake was 51%,34% and.1,5Vo and 47%,36To
and 17% in the control group and the ER group respectively. More details on the
experimental protocol and the diets are described elsewhere (chapter 3).

All food was provided by the Institute. The subjects consumed their dinner at the
Institute every evening and then received food for the next 24 hours. The subjects were not
allowed to eat or drink anything but the food supplied. Water could be taken ad libitum.
Since subjects in the ER group were expected to loose weight, compliance was controlled
for as much as possible by weighing the subjects every week, and by a daily questionnaire.

All subjects performed a maximal and a submaximal bicycle ergometer test during the
run-in period and at the end of the intervention period, using exactly the same protocol. The
submaximal exercise test was performed two weeks after the maximal exercise test. The
subjects were not allowed to eat, drink coffee or to engage themselves in physical activity
for a period of 2 hours prior to any exercise test in order to standardize the procedure and
to avoid gastrointestinal complaints. All subjects were tested during the afternoon in the
same order in any exercise test.

Body composition

Subjects were weighed every week in underwear to the nearest 0.1 kg, before having dinner
at the Institute (Berkel, ED-60-T, Ridderkerk, The Netherlands). Body composition was
determined from measurements of body density using a hydrostatic weighing technique of
Brozek et a1.15 Underwater weight was determined to the nearest 0.1 kg by a balance
(Berkel, SK, Ridderkerk, The Netherlands) while simultaneously the residual lung volume
was determined by helium dilution and a spirometer (Volutest, Mijnhardt, Bunnik, The
Netherlands).
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Exercise tests

The subjects had to perform exercise tests on an electromagnetically braked bicyc
ergometer (t-ode, model L-77, Groninaen, The Netherlands). During exercise, ventilato.
and gas exchange parameters were monitored and printed every 30 s by an open-circr
sampling system (Oxycon-4, Mijnhardt, Bunnik, The Netherlands). O, and CO, analyse

were calibrated against standardized gas mixtures prior to testing. The subjects breatht
through a low-resistance breathing valve (Hans Rudolph#2700, Kansas city, Mo). Hea

rate was monitored electrographically throughout the test (Transport Monitor, Lamér
Medical Equipment, Groenekan, The Netherlands).

Maximal exercise test

The method used to obtain maximal oxygen uptake (vor-max) was derived from tl
supramaximal 12 min test described by Åstrand and Rodahl.'o After warming up with a

min load at 100 Watts, Vor-max was predicted according to the heart rate at the end of tl
second minute, using the nomogram of Åstrand.16 This predicted Vor-max was tht
corrected for age and a matching work load of SOVo was calculated. This was the work lo¿

for the next 3 minutes, followed by a 3 min load at 7757o and a 3 min load ar. r2o'
Vor-max, until exhaustion. The subjects maintained a constant pedalling rate at 60 rp
throughout the test as indicated by a metronome.

Exhaustion was defined as the point in each test at which the pedalling rate could ¡
longer be maintained, despite the subjects being encouraged to continue as long as possibl
Criteria for maximal effort were no further increase in oxygen uptake (VO) despite z

increase in work load and either 1) blood lactate concentrations greater than 10 mmolll,2)
respiratory exchange ratio (RER) above 1.10, or 3) a heart rate greater than 220 minr
age.to't'The subject's maximal produced power output (Po-max) was defined as the highe
work load which could be achieved.

In the maximal exercise test as performed in this study, a contribution of anaerob

energy to total power output is likely."'The power/oxygen consumption ratio (p/VOr) c¿

offer an impression of the relative contribution of anaerobic energy to total power outpu

In this ratio VOr-max is expressed in Watts, by assuming that only glycogen is oxidized ar

that each liter of Oris equivalent with 2I.2kI of energy. The P/VOrratio will increase

a higher relative contribution from anaerobic sources.l8,re

Submaximal exercise test

The submaximal work loads were chosen such that they represen ted 600/o of the individual
Vor-max. Before blood sampling for assessment of basal (t = 0) catecholamine level
subjects rested for 15 min in supine position. The exercise period was 30 min and tl
subjects had to maintain a pedalling rate of 60 rpm.
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The rate of energy input (Pi), expressed in watts was calculated from the
uptake (l/min) using formula L:

oxygen

Pi = (4.940 RER + 16.040) * vO,
60 (eq 1)

where RER equals the respiratory exchange ratio.20 Pi was calculated for the period from
5 to 10 min and for the period from 25 to 30 min after the beginning of the test, assuming
that after 5 min of exercise oxygen uptake reaches a 'steady state'.16 The resulting values
were averaged over the 5 min period.

Blood sampling

Blood samples were drawn fiom a catheter inserted in an antecubital vein. Blood samples
for the analysis of lactate were taken 5 min after cessation of the maximal exercise test.
During the submaximal test blood was drawn 15 min before the test (t = -15), at the start
of the test after 15 min of resting in supine position (t = 0), after 10, 20 and 30 minutes of
cycling (t = 10, t = 20 and t = 30), and 5 and 15 minutes after the test (t = 35 and t = 45)
for the analysis of lactate. At t = 0 and t = 30 blood was also drawn for the analysis of
glucose, free fatty acids and catecholamine levels.

Lactate, glucose and free fatty acids were analysed using commercially available kits
(Boehringer Mannheim Diagnostica, Amsterdam, The Netherlands; Hitachi 911, Japan). The
catecholamines norepinephrine, epinephrine and dopamine were determined
radioenzymatically as described by Peuter and Johnson.2r

Statistics

All values in the tables are expressed as mean t SD and VO, is expressed as STpD value.
BMDP statistical software was used to perform Student's t-tests to establish differences
between and within groups. Probabilities of difference less than 0.05 were regarded as

statistically significant. To establish changes within groups paired t-tests were performed.
Comparison of the changes of the two groups were made in unpaired t-tests. Skewed
frequency distributions were transformed logarithmically before t-test. Analysis of variance
with repeated measurements was used for the lactate data. Because all participants lost
weight during the experiment Pearson's linear correlations were calculated between weight
loss (as an indirect measure for the severity of ER) and changes in parameters analysed.
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RESULTS

Body composition

Mean values of body weight (BW), lean body mass (LBM) and bocly fat (BF) are present(

in Table 4.1. Both BW and BF were significantly reduced in both groups after tl
experiment and, as expected, these losses were greater in the ER group (P < 0.001), wherei

LBM remained unaltered. This indicates that the loss of body weight was mainly due to

loss of body fat rather than lean body mass.

Table 4.1. Subject characteristics and results of body composition measurements before (r t SD), and tl
absolute changes (^ t SD) after 10 weeks of moderate energy restriction.

Controls (n = 8)

before

Energy Restricted (n = 16)

before 
^

P Actrl
vs ÀER

Aee (yr)

Height (cm)

Bw (kg)

LBM (kg)

BF (kg)

BF (%)

43+5
179 !9

78.6 ! 7.3

59.7 ! 5.6

18.8 + 6.6

23.7 + 7.2

43!4
779 !8

79.4 ! 9.8

60.0 r 5.7

19.4 ! 4.9

24.4 ! 5.0

-2.7

-0.3

-2.3

-2.1

+ 2.1**
+ 0.8
+ 2.0*
+ 2.0+

-7.4 + 2.6*** <0.001

-0.1 + 1.4 NS

-6.8 + 1.9*** <0.001

-$.Ç + 1.7*x* <0.00.1

For abbreviations see text.
x P < 0.05, *x P < 0.01, *** P < 0.001 within group.

Maximal exercise test

Table 4.2 summarizes average values before the intervention and the change observed aft,

the study for maximal heart rate (HR-max), maximal power output (Po-max), maxim

oxygen uptake (VOr-max), VOr-max expressed per unit of LBM, highest respirator

exchange ratio (RER-max), maximal pulmonary ventilation (Ve-max), time until exhaustir

(ET) and blood lactate concentration 5 min after cessation. The power/oxygen consumptic

ratio (P/VO2) was calculated from Po-max and VOr-max. None of the parameters we

different between the two groups at the start of the intervention.

After the intervention period of 10 weeks the ER group reached significantly low

Po-max and a shorter ET than the control group. Vor-max (either expressed in absolu

terms or per kg LBM) decreased significantly in the ER group, but these clecreases we

not significantly different from the changes in the control group. The change in PÑO, rat

tended to be higher in the ER group than in the control group. Lactate levels increast

significantly in both groups, and this increase tended to be higher in the control group.
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As weight loss might be an indirect measure for the severity of ER, the changes in
parameters measured during this maximal exercise test were correlated with changes in body
weight. However, no significant correlations were found.

Table 4.2' Physiological parameters of the maximal exercise test befo¡e (x- t SD), and the absolute changes
(^ t SD) after 10 weeks of moderate energy restriction.

Controls (n = 8)

Before

Energy Restricted (n =

Before
^

16) P

Âctrl
vs ÂER

HR-max (beats/min)

Po-max (Watt)

Vo2-max (l/min)

Vo2-max (ml/min/kg lbw)

RER-max

Ve-max (l/min)

P/VOr-max ratio (7o)

Time until exhaustion (min)

tactate (mM) 5 min after
exhaustion

-0.5 r 3.8

4.3 ! 5.9

0.03 r 0.18

0.55 ! 2.82

-0.03 t 0.03*

7.1 ! 12.4

-0.93 ! 2.65

1.31 r 1.14*

Z.J'I + 1.91**

-5.2 + 9.1+

-ó.3 t 13.6

-0.18 + 0.32*

-2.81 + 5.18*

-0.01 r 0.04

-2.8 ! 14.2

0.76 ! 1.79

-0.45 t 1.56

l.lQ + 1.42**

185 1 10

236 ! 50

3.2 ! 0.7

54.3 ! 7.6

1.15 r 0.06

103.4 ! 19.3

21.6 ! 3.o

1.3.5 ! 4.7

10.2 ! 2.9

782 ! 11

254 ! 40

3.5 t 0.5

58.6 ! 7.7

1.14 t 0.0ó

703.9 ! 19.4

20.5 ! 1.2

12.7 ! 2.3

10.2 ! 7.5

NS

0.049

0.051

NS

NS

NS

0.078

0.010

0.073

For abbreviations see text.
* P < 0.05, ** P < 0.01, *** p < 0.001 within group.

Submaximal exercise test

Table 4.3 summarizes the results of the submaximal exercise test. RER between t = 25 and
t = 30 increased in the ER group, which might be due to a lower starting value. Energy
input (Pi), calculated according to formula 1, decreased significantly in the ER group, and
this decrease correlated significantly with weight loss. No effects on FFA, glucose,
catecholamine and lactate levels (Figure 4.1) were found.

DISCUSSION

Effects of moderate energ]¡ restriction: general findings
In the present study BW was significantly reduced in both groups but, as expected, weight
loss in the ER group was substantial (-1.4 t 2.6 kg). The fact that subjects in the control
group lost weight during the experiment is characteristic of the problems that are
encountered when feeding a weight-maintaining test diet. Underreporting is very common
in human dietary intervention studies and most probably has also occurred in this study.
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ÀTable 4.3. Physiological pa¡ameters of the submaximal exercise test before (x- t SD), and the absolute changes (^ 1 SD) after 10 weeks of mode¡ate

energy restriction.

Before

Controls (n = 8)

^

Energy Restricted (n = 16)

^

P Act¡l
vs. ÂER

HR (beats/min)

Po (Watt)

Vo,1t7mtn¡

RER (t = 5-t = 10)

RER (t = 25-t = 30)

Pi (w) (r = 5-t = 10)

Pi (w) (t = 25-t = 3O)

FFA(mM)t=0
FFA(mM)t=30
Clucose(mM)t=0
Glucose(mM)t=30
Norepinephrine (mM) t = 0
Norepinephrine (mM) t = 30

Epinephrine(mM)t=0
Epinephrine(mM)t=30
Dopamine(mM)t=0
Dopamine(mM)t=30

160 + 18

136 t 33

2.2 ! 0.5

0.97 x O.O4

0.94 + 0.03

685 + 141

699 + 145

0.37 r 0.53

0.65 + 1.32

4.46 + 0.64

4.32 + 0.69

4.65 t 1.10

10.4 + 2.27

0.29 ! 0.28

1.51 + 1.16

0.17 x 0.04

0.45 + 0.14

-8.0 + 7.6*

0.0 t 0.0

-0.03 t 0.09

0.01 I 0.03

0.01 t 0.03

-18.4 + 21.2*

-12.0 + 24.8

-0.09 + 0.14

-0.07 t 0.11

-0.53 + 0.74

-0.20 + 0.47

0.90 r 1.98

-1.29 + 1.85

-0.13 ! 0.32

-0.01 I 0.91

0.04 t 0.08

-0.01 I 0.19

161 + 16

149 ! 24

2.5 + 0.4

0-91 + 0.06

0.90 t 0.06

751 + 108

769 + 110

0.19 + 0.22

0.44 ! 0.66

4.55 1 0.56

4.62 t 0.69

4.08 r 0.83

11.3 ! 3."t5

0.25 x 0.16

1.50 t 0.90

0.17 x 0.04

0.56 ! 0.26

-5.6 t 10.3

0.0 t 0.0

-0.1J + ¡.1gxx

0.05 I 0.06

0.04 r 0.06*

-40.3 + 34.24++

-36.0 + 52.7*

-0.1I + 0.26

-0.27 ! 0.77

-0.22 + 0.82

-0.41 + 0.43

-0.33 t 1.17

-0.91 + 2.47

0.03 + 0.19

-0.08 t 0.41

-0.01 t 0.05

-0.02 ! 0.27

NS

NS

0.096

0.0s9

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

For abb¡eviations see text.

+ P < 0.05, ** P < 0.01, ++* P < 0.001 within group.



Lnergy xesrrrctnn &. rhysrcal I'erlomance

7

6

5

4

3

2

Lzctate (mmol/l)

-20 -10 0
60ø

I
start

-o-
-a-

-¡-

-l-

Controls
before exp.

Controls
after

BR
before exp.

ER
after exp.

10 20 30 40 50
of VO2-max

^ 
Time (min)

I

end

Figure 4,1. Mean lactate concentrations during submaximal exercise. Data points are mean + SD.

This implies that the ER group might be restricted by more than 207o because
underreporting may have occurred in this group as well. Results of the measurements of BF
and LBM by underwater weighing before and after the diet indicate that the decrease in BW
was almost entirely due to a significant BF loss rather than to a loss of LBM. It has been
observed in studies dealing with very low caloric diets that about 25Vo of the weight loss
was due to loss of fat-free mass," moderate energy restriction might preserve this loss of
fat-free mass. This conservation of fat-free mass might play a role in the minimizing the
decrease in physical performance during moderate energy restriction.

Effect of moderate energ]¿ restriction on ph]¡sical performance
Physical performance decreases after 26 weeks of semistarvation,e'r" whereas impairments
after a few days fast are minimal.r2'ra The major question in the present study was whether
or not a regimen of moderate ER affects physiological parameters during maximal and
submaximal exercise.

No significant changes in Ve-max were found as a result of the dietary intervention.
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VOr-max expressed as an absolute value (i.e. l/min) allows assessment of the effect
dietary manipulation on the capacity of uptake, transport and utilization of O, to ì

assessed.23 This parameter decreased significantly in the ER group and this fall neal

reached significance when compared to the change in the control group. However, VOr-m'
expressed per unit LBM decreased in the ER group but this change was not significant
different from the control group. Subjects in the ER group showed a shorter time un

exhaustion (ET) after the intervention and therefore had a decreased maximal powr

VOr-max and maximal heart rate since these changes were significantly related. Tl

decrease in maximal power output in the ER group is minor, but significantly different fro
the slight increase in the control group. The individual's ability to sustain progressi'

incremental exercise of the type we used is highly dependent on the glycogen content

the muscles which, in turn, is dependent on the type of diet before exercise.2a When musc

glycogen is markedly reduced by prior exercise, by consumption of a diet rich in fat al

protein26 or by fasting,13'27 aerobic metabolism becomes more dependent on the oxidatir

of fat. A short-term very-low-caloric diet (VLCD) in obese subjects did not affect physic

performance,æ or alter muscle glycogen, lactate, pyruvate or energy stores.8 Althoul
muscle glycogen concentrations were not measured in this study (i.e. no muscle biopsi
were taken), a reduction of the muscle glycogen stores by the 207o ER diet seems unlikel
as no significant changes in RER-max were noted and no decreased lactate values we

found.25 Blood lactate concentration is widely accepted as an indicator of anaerob

glycolytic metabolism.2a Lactate levels 5 minutes after exhaustion increased significant
and similarly in both groups. The P/VO,ratio can offer also an impression of the anaerob

contribution to total power output. This variable was not affected after the interventir

period, suggesting no change in anaerobic metabolism. Thus, Iower glycogen levels and

lower anaerobic contribution most likely do not account for the decreased cycling time.

maximum performance test of any type is always biased by a motivation or cooperatir

factor: in order to obtain the best possible score, the individual must be willing to pu

himself to the limit and to continue work until the last possible second of exhaustion. In i

practical work situations the motivation factor is extremely important in physic

performance. After the intervention period subjects were encouraged to cycle at least

long as the first time. It is possible that subjects in the ER group did not cycle long

because of their supposed reduced power, as a consequence of their negative enerl

balance. Alternatively, it is possible that ER reduces more directly the motivation
physical strain.

To assess whether a relationship between weight loss and the physiological indic
measured could be demonstrated, linear correlations between weight changes (as an indire

measure of energy restriction) and changes in several parameters were calculated for t

whole group (n = 24). None of the changes in variables measured during these maxim
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exercise tests correlated significantly with weight change. From this finding we conclude
that 10 weeks of moderate ER lead to a slight but significant decrease in maximal power
output, which is not related to the amount of weight loss.

Moderate restriction of the energy intake did not affect substrate utilization (Table 4.3).
Previous studies on the combined effects of fasting and moderately intense exercise have
shown increased reliance on fats and decreased utilization of carbohydrates as inferred from
changes in plasma free fatty acid (FFA) concentrations and R8R.14,27-30 In all these studies
fasting resulted in significantly higher FFA values, indicating a greater fat mobilization and
utilization. This was also evidenced by RER values near 0.70 during the first 30 min of
exercising on a treadmill at 707o VOr-max.'n Thus, after fasting fatty acids are the most
obvious energy substrate. From our data no change in substrate utilization during
submaximal exercise was apparent as a result of 10 weeks of moderate energy restriction.
However, our study differs in some aspects from the studies mentioned before. First, in
contradiction to these fasting studies, in the present study subjects were restricted in their
energy uptake for only 207o. Second, since both artificial sweeteners and low fat products
were used, the relative contribution of the macronutrients to total energy intake did nol
change during the experiment. Therefore, the diet might replenish glycogen stores
sufficiently, which is also indicatecl by unaltered lactate levels. So, despite substantial
weight loss substrate utilization remains unaltered during submaximal exercise. The increase
in RER levels observed in the ER group might be caused by lower starting values. These
lower starting values are most likely explained by differences in physical activity. At the
time of the submaximal exercise test all subjects used standardized meals with similar
macronutrient composition.

When an individual is fasting the body attempts to preserve the limited carbohydrate
stores. One method to accomplish this is by reducing sympathetic nervous system (SNS)
activity. Reductions in norepinephrine turnover have been reported to occur with fasting in
an attempt to reduce individuals' resting metabolic rate, thereby sparing fuel utilization.3r
Another function of catecholamines is the regulation of muscle glycogenolysis. Epinephrine
binds to p-adrenergic receptors on the skeletal membrane, initiating a cascade of events
leading to glycogen breakdown which uttimately increases lactate production. Decreased
epinephrine, norepinephrine and lactate levels during exercise were found after glycogen
depletion.32 The fact that there were no differences between both groups in plasma
catecholamine and lactate levels during submaximal exercise indicates that moderate energy
restriction did not change SNS activity despite substantial weight loss.

Power input (i.e. energy expenditure) as calculated from the formula by Garby and
Astrup20 decreased significantly in the ER group although power output did not change.



Since there are no decreased RER values the decrease in power input must be attributed t,

the decreased O, consumption (VO). Decreased oxygen consumption during rest an,

exercise has also been observed in obese women on a very-low-caloric-diet.33 Th
explanation might be that the subjects showed a decreased metabolic rate (Chapter 5). Th
decrease in power input at t = 5 up to t = 10 correlates significantly with the decrease ir

body weight (r = 0.454; P < 0.05).

To summarize, it is concluded that 10 weeks of moderate energy restriction decrease,

maximal power output in non-obese middle-aged men. However, this decrease was no

related to a decreased body weight. Despite a substantial weight loss, no effect on plasm,

FFA, glucose, catecholamine and lactate levels was observed, indicating that substrat,

utilization remained unchanged. Further, during submaximal exercise moderate energ,
restriction led to lower power input (energy expenditure) while power output did no

change, indicating a decreased resting metabolic rate.

The duration and degree of ER and the intensity and duration of the exercise perior

seem to be important factors determining changes in physiological performance parameters

This study lasted only 12 weeks, since we expected that this was the maximal period fo
subjects to visit the institute every evening. However, since no steady state was reacher

with respect to weight loss, it cannot be inferred from this study whether significan
alterations in physical performance and metabolic adaptation will occur beyond 10 weeks

Therefore, it seems worthwhile to study the effects of moderate ER on a longer term. Thus

the long-term effect of ER diets as well as the minimum energy intake necessary to preven
physiological changes deserve further investigation.
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ABSTRACT

Since little information is available on the capacity of the non-obese to adapt to a moderate
decrease in energy intake, the effect of a lO-week moderately energy-restricted diet (ER)
on energy expenditure and body composition was studied in a controlled intervention study.
After a weight-maintaining run-in period of 2 weeks, the ER group received a diet that
contained9.2MJlday onaverage, i.e.807o of theenergyof theirhabitualdiet(estimated
by means of a7-day dietary record) for the next ten weeks while the control group received
the weight-maintaining diet. 24 healthy non-obese, middle-aged men participated. They
continued daily life habits and came to the Institute every evening to have dinner and to
receive food for the next 24 hours. Subjects were matched for age and body mass index and
randomly assigned to a control group (n = g) or an ER group (n = 16). Average daily
metabolic rate (ADMR, i.e. total energy expenditure), measured with doubly labeled water
in 8 subjects of the ER group, appeared tobe82.57o of reported energy intake resulting in
an actual level of energy restriction in these eight subjects of 337o on average (range
18-42%), rather than 20%. subjects in the ER group lost 7.4 x r.7 kg; g3vo ofthis weight
loss was fat mass, L77o was fat-free mass. Subjects in the control group lost some weight
too (2.r t 1.5 kg). Resring metabolic rate (RMR) (MJ/day) decreased in the ER group
(P < 0.001). In this group the thyroid hormone triiodothyronine (T3) decreased (p < 0.001),
while reverse T3 (rT3) increased (P < 0.05). ADMR decreased significantty. It has been
concluded that under conditions of a controlled moderately energy restricted diet in daily
life a significant weight loss can be induced, similar to that observed after a balanced
dietary deficit, providing 5 MJ/day. In addition, moderate energy restriction induces a
decrease in fat-free mass and a fall in RMR.
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INTRODUCTION

Many investigations have been done to document the adaptations of energy expenditure

response to very-low calorie diets (VLCD's), providing approximately 2.lMJlday, in obe

subjects.l-3 There is general agreement that these diets can induce: a rapid weight lor

suppression of the resting metabolic rate (RMR) and a reduction of the thyroid hormo

triiodothyronine (T3).4 However, the adaptation to decreased energy intake might

different in subjects who are in a more normal weight range. Dieting has become a way

life for many people. Many slightly overweight people as well as people who percei

themselves as overweight are trying to lose some weight. Several studies have report

about the effects of low-fat diets on energy intake compensation.5-7 Reports on the capac

of energy expenditure to adapt to a moderate decrease in energy intake in normal-weig

healthy individuals are scarce, especially those performed under controlled conditions. T

effects of a moderate energy deficit (3,350 kJ/day) for 3 weeks in normal weight studen

as well as the results of 12 weeks counselinge have been reported. Since these studies ¿

either short-tenn or not performed under dietary-controlled conditions we studied the effr

of a 10-week controlled moderately energy-restricted (aimed al.807o of habitual) diet

energy expenditure and body composition in healthy non-obese men.

MATERIALS AND METHODS

Subjects

Twenty-four apparently healthy men, aged 43 t 5 yr (range 35-50 yr) with a mean BMI

24.6 ! 1.8 kg/m2 (range 20.6-27.2ke1^t) participated in this study. Ail subjects had a stal

weight during the past year, normal routine clinical chemistry and were non-smoking. Tl
had normal dietary habits (no vegetarian, macrobiotics etc.) and no extreme level

reported energy intake (9.3-13.2MJlday)- Each subject was medically screened on the ba

of a health questionnaire and a medical examination. Informed consent was obtained frr

each subject and the research protocol was approved by the Institute's external Medi

Ethical Committee.

Experimental design

A detailed description of the study has been published elsewhere (Chapter 3).10 Habit

energy intake was estimated by means of a 7-day dietary record before the study start

The total experiment lasted 12 weeks. Subjects were randomly assigned to two groups

control group (8 subjects) and an energy-restricted group (ER group; L6 subjects). Th,

groups were matched on age and BMI. During the first two weeks of the study (run
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period) all subjects received a weight-maintaining test diet based upon the outcome of the
dietary record. Since energy intake differs among individuals, subjects were divided into 6
'energy groups' with a stepwise increase of approximately 770 kJlday, ranging from 9,304
to 13,147 kJ/day. When subjects lost more than 1 kg/week during this run-in period they
were reclassified into a higher energy group.

After these two weeks the 8 control subjects were kept on their weight-maintaining
diet for the next ten weeks, while the other 1ó subjects received a diet that contained g0%
of the energy of their habitual (weight-maintaining) diet, and micronutrient levels of at least
1007o their recommended dietary allowances (RDAs). Energy restriction was achieved by
substituting low-fat and artificially sweetened products for ordinary products (i.e.
substituting low-fat margarine for margarine, light soft drink for soft drink, artificial
sweetener for sugar, low-fat coffee cream for coffee cream, salad dressing for mayonnaise,
and skimmed yoghurt for whole yoghurt). The relative ccintribution of carbohydrates, fat and
protein to total energy intake was 517o, 34Vo, 1,57o respectively for the control group and
477o,36Vo,1,77o respectively for the ER group. All foods and drinks to be consumed during
these twelve weeks were supplied by the Institute. Subjects came to the Institute every
evening to have dinner (cycle of 3 menus) and to receive the food for the next 24 hours.
The subjects were not allowed to eat or drink anything else (except water) but the diet
supplied by the Insitute. The subjects continued daily life habits during the study, and were
asked to maintain physical activity at a constant level. In studies like this, compliance is
difficult to measure. However, subjects in the ER group were expected to loose weight.
Therefore, compliance was stimulated as much as possible by weighing all subjects
regularly and by using a daily questionnaire, which included items like 'have you eaten all
the food that you received?', 'have you eaten anything besides the food that you received?,.

The subjects were weighed every week. Body composition, urinary creatinine excretion
and the thyroid hormones 3,5,3'-triiodothyronine (T3), reverse T3 (rT3), thyroxine (T4) and
thyrotropin releasing hormone (TSH) were determined at the end of the run-period and at
the end of the experiment. Resting metabolic rate (RMR) was measured twice before and
twice at the end of the experimental period. The mean of the two measurements was used
as a variable in the analysis. Average daily metabolic rate (ADMR) was measured in eight
subjects, randomly chosen from the ER group, over two weeks, during the run-in period and
during the last two weeks of the study.

Methods

Body composition. The subjects were weighed to the nearest 0.1 kg every week on a
balance (ED-60-T; Berkel, Ridderkerk, The Netherlands) before dinner, while wearing
underwear. Body composition was estimated from the three-compartment model of Sirilr
which combines body density with total body water. This technique has been shown to
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improve the precision of body fat estimates over that obtained from either densitometry

total body water alone.11 Body density was measured using the hydrostatic weighil

technique of Brozek et a1.12 Underwater weight was determined to the nearest 0.1 kg by

balance (SK; Berkel, Ridderkerk, The Netherlands) while the residual lung volume w

determined simultaneously by helium dilution and a spirometer (Volutest, Mijnharr

Bunnik, The Netherlands). Total body water was determined by deuterium dilution. Subje<

drank a weighed dose of labeled water (0.1 g'HrO per kg estimated body water (from ag

and sex-specific formula's13), resulting in an excess enrichment of 100 ppm) after emptyir

the bladder af 22:00. This was the baseline urine sample. Another urine sample w

collected the next morning from the second voiding. This 10 h sampling time is a preferat

protocol for determining total body water as compared with 4 h and 6 h equilibrati,

times.la Total body water was calculated as the deuterium dilution space divided by 1.t

correcting for exchange of the deuterium label with nonaqueous hydrogen of body solids

The values of body density and body water (as a percentage of body mass) were used

calculate body fat in the following equation:"

%body ¡a¡ = (2.L78 / density) - (0.78 x Tobody water) - 1.354.

Creatinine. To measure creatinine excretion subjects collected urine over 24 h at I

end of the run-in period and at the end of the experiment. Creatinine was analysed usi

a commercially available kit (enzymatic PAP; Boehringer, Mannheim, Germany) anc

Hitachi-91 1 autoanalyser.

Thyroid hormones. Serum T4 and T3 levels were analysed using a commerc

radioimmunoassay (EURO/DPC, Llanberis, United Kingdom) according to the kit protoc

Serum rT3 was analysed using a commercial radioimmunoassay (Techland, Liè1

Belgium). TSH was analysed using an immunoradiometric assay (IRMA) (Behrir

Marburg, Germany).

Resting metabolic røfe. RMR was measured in the morning after the subjects t
stayed overnight in the metabolic ward of the Institute. O, consumption þaramagne

analyser, Beryl 102; Cosma, Igny, France) and CO, production (AR-400 infrared ¡

analyser; Anarad, Santa Barbara, CA, USA) was measured under thermoneutral temperatr

conditions in the fasting state on four occasions, twice during the run-in period and tw

at the end of the experiment. O, and CO, analysers were calibrated against standardized ¡

mixtures every morning. While lying for 30 minutes in supine position, the subjects w

breathing through a low-resistance breathing valve (#2700:' Hans Ruldolph, Kansas Cì

MO, USA). 'Weir's16 formula was used for calculating RMR.

Average daily metabolic rate (ADMR). ADMR was measured in eight subjects fr,

the ER group using doubly labeled water. These subjects were given a weighed dose c
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mixture of 2Ero and Hr18o after collecting a background urine sample. The dose was
calculated to create an excess of 150 pp-'H and 300 ppm tro. Further urine samples were
collected on days 1, 8 and 15 after dosing from the second voiding in the morning. Isotope
abundances in the urine samples were measured with an isotope-ratio mass spectrometer
(Aqua Sira; vG Isogas Ltd, Middlewich, cheshire, united Kingdom) and co, production
was calculated as previously described.lT The analytical precision was 0.2 ppm for 2H and
0.4 ppm for 18O.

The Physical activity rever (pAL) was calculated as the ratio ADMR/RMR.

Statistics

BMDP statistical software, version: 1990 vaxlvms (Los Angeles, CA, USA) was used to
detect changes within as well as between the groups, and to calculate correlations between
parameters. Changes within the groups were tested for significance with the paired Student,s
t-test' Differences in changes between the two groups were tested using the unpaired
Student's t-test. Relationships between two variables were calculated by pearson,s linear
correlation' Analysis of covariance using FFM as the covariate was used to adjust for
differences in body composition when comparing RMR values.

-o- cftl.

-¡- ER

Week

Figure 5.1. Rate of weight loss during the study. Data are presented as x + SD.

Weight
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RESULTS

Table 5.1- presents the results on body composition and energy metabolism. Since total bod

water measurements were not completed in two subjects, the results of body fat (FM) an

fat-free mass (FFM) in the ER group represent 14 subjects. As expected, weight loss in th

ER group was substantial (7.4 t 1.7 kg). Subjects in the control group lost some weight to

(2.1 x 1,.5 kg) (Figure 5.1). About 83% of the weight loss in the ER group appeared to b

loss of fat mass, and the remaining lTVo of the weight loss was attributed to loss of FFlv

The ER group lost significantly more fat and FFM than the control group. Urinar

creatinine excretion had not changed after the experimental period.

Table 5.1. Summary of the results of energy intake, energy expenditure and body composition. Mei
values and standard deviations of the control group and the energy restricted group before (aft

a two-week run-in period) and of the change after the experimental period are presented.

Controls (n = 8) P Âctrl
vs ÀERbefore

Energy Restricted (n = 16)

before 
^BODY COMPOSITION

BMI (kg/m'z)

Weight (kg)

FM (kg)

FFM (kg)

-0.8 + 0.6++

-2.1 + 1.544

-1.8 + 1.8*

-0.2 + 1.0

-0.3 + 2.5

-6.0 I 11.5

-0.18 + 0.18*

-0.75 ! 4.53

0.14 + 0.23

24.6 + 2.2

77.7 + 6.6

18.3 + 6.2

59.5 x 5.2

<0.001

<0.001

<0.001

0.027

NS

24.9 ! 1.8

78.6 + 9.3

18.1 x 5.21

60.5 ! 6.71

-2.3 + 0.8***
-7.4 + 1.7***

-6.7 + 1.7a+81

-1.1 t 1.0**+r

URINARY EXCRETION

Creatinine (mmol/24h) 1.2.4 + 2.6

ENERGY METABOLISM

Intake (MJ/day)

RMR (MJ/day)

12.7 ! 2.1 -0.4 t 1.9

THYROID HORMONES

T4 (nmol/L)

T3 (nmol/L)

rT3 (ngldl)
TSH (mIU/L)

11.13 + 1.51 0.69 + 0.808

7.4o + 0.75 -0.60 t 0.40**

77.43 + 1.24 -2.23 + 0.6*** <0.001

8.02 ! 7.26 -1..07 + 0.63*xx 0.060

98.7 ! 14.0 -3.2 + 6.9

1.79 + 0.22 -0.23 + 0.19***

25.6 ! 8.2 2.44 + 4.35*

1.59 t 0.64 -0.14 + 0.45

101 .9 ! 17.2

1.88 t 0.20

25.1 + 6.0

1.63 + 0.72

NS

NS

NS

NS

I n = 11.
**+ P < 0.001, ** P < 0.01, * P < 0.05 within group.
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Energy restriction led to significantly decreased RMR (MJ/day) values in both groups. This
decrease in RMR tended to be stronger in the ER group. RMR correlated to kg FFM bott
before (r = 0.613; P = 0.001) and after the study (r = 0.657;p < 0.001). However, as tested
with analysis of covariance, after the period of energy restriction the intercept of the
regression line had decreased (P < 0.001) (Figure 5.2). No effects of energy restriction on
T4 and rSH were observed. T3 concentration decreased significantly in both groups. The
differences in changes between the two groups were not significant. rT3 levels increasedin the ER group. The increase in rT3 levels correlated with the decrease in RMR(r=4.431.,P=0.036).

As shown in Table 5.2, ADMR, as measured in g subjects, was higher than energy
intake during the run-in period which was based on the 7-day dietary record, indicating
some degree of underreporting. During the experimental period ADMR decreased
significantly. PAL tended to decrease. Table 5.3 presents the rate constants and dilution
spaces for 18O and 2H.

J
øv4a

n
a

l1 RMR (MJ/day)

FFM (ks)

Figure 5.2. FFM versus RMR before and after the intervention period.
Before: y = 1.24+0|109x; r = 0.613; p = 0.01.
After: y = 1.07 +0.079x; r = 0.657; p < 0.00j.
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Table 5.2. Summary of energy intake, energy expenditure and body composition in a part of the ER grou
(n = 8). Mean values and standard deviations of part of the energy-restricted group before (aftt
a two-week run-in period) and the change after the experimental period are presented.

Energy Restricted

Before AER
P-Value

AER

BODY COMPOSITION

Weight

FM (kg)

FFM (kg)

ENERGY METABOLISM

Intake (MJ/day)

ADMR (MJ/day)

RMR (MJ/day)

PAL (ADMR/RMR)

77.8 + 5.5

1.6.7 + 4.3

59.1 ! 4.2

11 .8 + 1..4

14.3 ! 2.3

7.90 + 1.44

1.85 + 0.37

-6.8 t 1.8

-5.8 + 1.9

-L.0 + L.2

-2.3 ! 0.9

-2.8'7 ! 1.14

-0.97 t 0.80

-0.10 t 0.13

<0.001

0.001

0.025

<0.001

<0.001

0.011

0.066

DISCUSSION

The basis for restricting one's energy intake is knowledge of his/her habitual intake. Th

availability of the doubly labeled water technique permits the measurement of ADMR ovt

one to two weeks. Since estimation of ADMR by the doubly labeled water method

expensive, it was performed in eight subjects from the ER group only. Habitual energ

intake was estimated by means of a 7-day dietary record by all subjects. To gain sorn

insight into the difference between reported intake and energy expenditure, these tw

methods were compared. Reported energy intake appeared to be 82.5o/o of the ADMI
Underreporting is a common phenomenon in recording dietary intake,ls and seemed to hal

occurred also in our study, despite the fact that the subjects were aware of the importanc

of the dietary record. Therefore some subjects might be restricted in their energy intake b

more than 207o. In these eight subjects the average level of energy restriction was 33'

(range 18-42%). This result might be a reflection of the whole ER group. Since the contrr

group lost some weight as well, underreporting might also have played a role in this groul

The main goal of this study was to evaluate the adaptation to a moderate restrictic

in energy intake in non-obese subjects. Many studies on the effects of an energy-restricte

diet are performed in obese subjects receiving very low caloric diets, or in anorexia nervot

patients.
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Table 5.3. Rate constants (per day) and dilution spaces of rso and '?H (mol) before and at the end of the
intervention period.

Subject
nr.

Befo¡e 10 weeks of moderate
energy restriction

kO kH nC)

At the end of 10 weeks of moderate
energy restriction

ko kH nO nHnH

I
2

3

4

5

6

7

8

0.11171

0.10670

0.10180

0.1 1005

0.10282

0.09018

0.09866

0.12160

0.07857 2554.3

0.07948 2627.8

0.07690 2550.1

0.08116 221,8.2

0.07885 2222.2

0.06750 2615.3

0.07333 234s.4

0.09524 2378.2

2627.4

2731..8

2652.2

2299.6

2287.8

2709.4

2424.6

2462.3

0.12582

0.10957

0.09671

0.10543

0.09671.

0.09406

010246

0.10429

0.09808 2439.7

0.08361 2527.1

0.07378 2481.4

0.08371 21.43.8

0.07581 21.51..7

0.07567 2449.9

0.07939 23049
0.08486 2308.7

2552.0

2608.0

2606.3

2224.1

2242.3

2534.8

2370.8

2415.3

kO = rate constant for r8C); kH = rate constant for 2H; nO = dilution space for t8O; nH = dilution space
for 2H.

However' data on the effects of moderate ER in non-obese man have, to our knowledge,
only been reported by two groups: Heyman et al.sprovided normal-weight subjects with a
diet with a gross energy deficit of 3.37 MJ/day for 21 days, i.e. approximately 20voER.
Subjects lost about 2'0 kg body weight. The authors noted that energy balance is regulated
by changes in body energy stores (637o) and energy expenditure (3770). However, these data
reflect the results of only the short-term effects of moderate ER. Garby et al.e asked normal-
weight subjects to reduce their energy intake by 25Vo over a period of 12 weeks. No
changes were observed in24 h energy expenditure and pattern of physical activity. Mean
change in body weight was -2.9 t 3.0 kg. When the recorded food intake was assumed to
be correct, this weight loss was far below that calculated and indicates non-compliance with
the diet. Since little information is available about the effects of longer-term moderate
energy restriction under controlled dietary conditions our study was performed, especially
to investigate the adaptation of energy metabolism to a reduced energy intake.

One of the questions was whether the subjects would regain a new stable weight after
a period of moderate energy restriction. In the classical semi-starvation study by
Keys et al.,le in which the subjects receivetl a 50Vo energy-restricted diet for 24 weeks, the
rate of weight loss did not decrease during the first 16 weeks but was close to zero at the
end of the study. Since this 50Vo redtction in energy intake appeared to introduce several
negative health effects (symptoms of lethargy, apathy and listlessness), a level of 20%
energy restriction for 10 weeks was chosen. However, since underreporting of food intake
has taken place the actual level of energy restriction was about 33Vo. As shown in
Figure 5.1, subjects were still losing weight at the en<l of the experimental period and there
was no tendency to stabilization. Whether or when these subjects would reach a new stable
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weight (steady state), and what this new weight would be, is uncertain. The control group:

submitted to a mild level of energy restriction due to underreporting, did show weighl

stabilization as rate of weight loss was close to zero at the end of the study (Figure 5.1),

Linear regression revealed a significant relationship between week and weight change

(r = 0.602, P = 0.032) in the control group.

To assess when the ER group would reach a steady state a computer simulation model

can be used.2o This model simulates changes in FM and FFM using energy intake (EI) anc

physical activity as input variables. EI can be set at a chosen value or calculated frorn

dietary intake with a data base on the net energy of foods. Physical activity can be set a1

a chosen multiple of basal metabolic rate (BMR) or calculated from the activity budget with

a data base on the energy cost of activities in multiples of BMR. BMR is calculated fron
FFM and FM and, if necessary, FFM is calculated from body weight, height, sex and age,

using emperical equations. The model uses existing knowledge on the adaptation of energy

expenditure (EE) to a disbalance between EI and EE, and to resulting changes in FM anc

FFM. Mobilisation and storage of energy as FM and FFM is a function of the relative size

of the deficit (EIÆE) and of the body composition. The model was validated with three

recent studies measuring EE, at a fixed EI during an interval with energy restriction,

overfeeding and exercise training, respectively. Discrepancies between observed anc

simulated changes in energy stores were within the measurement precision of EI, EE, anc

body composition. Introduction of our data in this computer simulation model revealed that

on the long term, tltis 33% level is too high to adapt to. Even when a level of 2O% energT

restriction was induced, then, according to this simulation model, the subjects would stil

be in negative energy balance (-940 kÍday) after a period of one year. Body weight woulc

be approximately 59 kg, and subjects would have about 5.6% body fat.
25qo FFM|7í% FM-loss is considered as a 'rule of thumb' in weight-loss studies.a Ir

the study presented 17% of weight loss was attributed to loss of FFM which might be r

favourable effect of moderate ER. FFM has also been calculated from urinary creatinint

excretion.2l Urinary creatinine excretion before the experimental period correlater

moderately with FFM (r = 0.4451' P = 0.029). Despite some loss of FFM in the ER group

no significant change in creatinine excretion could be detected. This may be due to tht

small size of the group, and to the fact that only one 24-how urine was collected. Creatininr

excretion is affected by the amount of meat in the diet. In this study food intake war

completely controlled since all food, including meat, was supplied by the Institute, and wa
kept constant during the entire study.

From the measurements performed in all subjects it is clear that the subjects reacter

to the moderate energy deficit by lowering resting energy metabolism (-13%) and by losin¡

7.4 ! L.7 kg body weight in ten weeks, which means that mean rate of weight loss wa
approximately 0.74 kg/week. Weight losses, induced by balanced deficit diets (BDD
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providing 5 MJ/day, of 0.72 kg/week and 0.70 kg/week after a period of 10 weeks have
been observed22'x which is not lower than that observed in our study. Since energy
expenditure in obese women has been reported to be about 11 MJlday,2a,2s these BDD's
induce approximately 507o ER. It is not very likely that the 33% ER þroviding
ca. 9.2 MÍday), is as effective in loosing weight as 5O% ER induced by BDD,s þroviding
ca' 5 MJ/day). This can only be explained by supposing that the participants in these BDD-
studies did not adhere completely to their prescribed diets, and most probably decreased
their level of ER to approximately 307o.

FFM correlated significantly with RMR (MJ/day) both before (p = 0.01) and after
(P < 0.001) the experimental period. However, after the experimental period the intercept
of the regression line had decreased significantly (Figure 5.2). This might indicate an
enhanced metabolic efficiency after a period of energy restriction, related to the changes in
thyroid function (i.e. decreased T3 and increased rT3 levels), a phenomenon also seen after
VLCD.26 However, the fall in RMR (MJ/day) of 13.37o was less than that reported after
VLCD,4 but is comparable to that observed after BDD.27

From the difference between ADMR measured before and energy intake during the
intervention period in those 8 subjects who consumed the doubly labeled water, the total
energy deficit in the energy-restricted period was calculated to be 333.7 M^J. As shown in
Table 5.2, these 8 subjects losr 6.8 kg body weighr (5.g kg fat mass; 1.0 kg FFM) on
average. The energy values for the two body constituents, fat mass and FFM, are 37.7 and
3.68 MJ/kg respectively.Æ Thus, the energy content of the body decreased by
5'8*37'7 + 1.0*3.68 =222'4 MJ in 10 weeks of energy restriction. This indicates that
approximately 717.3 MJ (333.1 - 222.4) was saved by decreasing energy expenditure
(ADMR). We may therefore conclude that the decrease in body energy stores compensated
fot 677o and the decrease in ADMR lor 337o of the energy deficit on average. The decrease
in ADMR was partly due to decreased activity, partly to a decreased RMR, and partly to
a decreased diet-induced thermogenesis (DIT) assumed tobe 1.0Vo of energy intake. These
findings are consistent with those observed by Heyman et al.8 The decrease in energy
expended on physical activity might be the consequence of either reduced physical activity,
or decreased expenditure on work due to reduced body weight, or both. The reduction in
RMR may be due to a loss of metabolizing tissue, or to a change in the rate of metabolism
of the remaining tissue, or to a combination of both factors.

To summarize, this study shows that, under controlled dietary conditions, a moderately
energy restricted diet (337o), can lead to an average rate of weight loss of 0.74 kg/week in
non-obese men. In addition, moderate energy restriction induces a loss of FFM, as well as
a decreased RMR which is associated with decreased T3 concentrations. These results are
comparable to those of studies providing a balanced dietary deficit (5 MJ/day) in obese.
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ABSTRACT

Impaired fibrinolytic activity has been reported in the elderly and is thought to play a
role in the aetiology of cardiovascular disease, one of the leading causes of death in
most western countries. Since restriction of energy intake has been demonstrated to act
beneficially on the ageing process in a variety of species, we studied the effect of a
lO-week moderately energy-restricted regimen (807o of habitual) on PAI activity, PAI-1
antigen, tPA activity and tPA antigen in non-obese middle-aged men. Moreover, the
relationship between these fibrinolytic markers and glucose tolerance was investigated.
weight loss in the energy restricted group (ER group; n = 16) was considerable
(-7.4 x 1.7 kg:' P < 0.001). Subjects in the control group (n = 8) lost some weight too
(-2.1 ! 1.5 kg; P < 0.01). Fasting glucose levels decreased in the ER group
(-0.31 t 0.48 mM; P < 0.05) which was correlated with the extent of weight loss
(P < 0.01). Baseline insulin levels at 2 hours after an oral glucose load correlated with
baseline PAI activity (P < 0.001) and PAI-1 antigen levels (p < 0.001). pAI acrivity
decreased in the ER grotp (-2.94 x 2.90IUlml; P < 0.001) in particular in subjects with
a high baseline PAI activity (> 9 IU/ml). Furthermore, ER lead to decreased pAI-1
antigen concentration (P < 0.05), a nonsignificant increase in tPA activity as well as a

decrease in tPA antigen concentration (P < 0.001). All these changes were more clear in
those subjects with a high baseline PAI activity. These results suggest that 10 weeks of
moderate energy restriction has a profibrinolytic effect in non-obese middle-aged men, at
least in subjects with higher baseline PAI activity (> 9 IU/ml). Moreover, in line with
the suggestion that a high PAI activity goes together with insulin resistance, a

relationship between the insulin concentration after a glucose load and PAI activity was
found.
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INTRODUCTION

Restriction of the energy intake (ER), with adequate intake of essential nutrients, is up
now the only dietary regimen known to have a beneficial effect on the ageing process

rodents, ER prolongs life span and delays or prevents the onset of several age-relat
diseases.l The mechanism behind this process is still largely unknown and many effo
are now being directed at unravelling the causal relationship between energy metabolis
and the ageing process. Since ER has been demonstrated to be effective in a variety
species these beneficial effects might also hold for human beings on an approprir
energy-restricted regimen. Obviously, it is difficult to assess the potential effect of ER
human beings in an experimental design. However, as a first approach, the feasibili
and potential health risks/benefits of a moderately energy-restricted diet can be assesse

Another approach could be to study the effects of ER on physiological syster

associated with the ageing process.

Cardiovascular disease is one of the leading causes of death in most weste

countries and has been related to the ageing process. Impaired fibrinolytic activity h

been reported in the elderly2 and is thought to play a role in the pathogenesis/aetiolot

of cardiovascular disease. The activity of the fibrinolytic system depends on competi:
processes in a dynamic equilibrium involving circulating activators of plasminoge
primarily tissue-type plasminogen activator (tPA), and circulating inhibitors of the

activators, primarily plasminogen activator inhibitor type 1 (PAI-1). Since ener;

restriction has a beneficial effect on the ageing process it may also have an effect r

haemostatic function. Therefore, as part of a study into potential benefits and/or risks
a 1O-week moderately energy-restricted regimen in non-obese middle-aged ma

activities and concentrations of indicators of the fibrinolytic system (PAI activity, PAI
antigen, tPA activity, and tPA antigen) were analysed. In addition, since it has be

suggested that PAI-1 contributes to the increased cardiovascular risk together wi
insulin resistance,3 the relationship between fibrinolytic markers and glucose toleran

was investigated.

SUBJECTS AND METHODS

Subjects

Twenty-four apparently healthy men aged 43 ! 5 yr (range 35-50 yr) with a mean bor

mass index (BMD of 24.6 t 1.8 kg/m2 (range 20.6-27.2 kglm'), participated in tl
study. All subjects had a stable weight during the past year, normal routine clinic
chemistry and were non-smoking. They had normal dietary habits and no extreme le',

ao
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of energy intake (9'3-13.2 MJlday i.e. 97-214 kJ/kg/day). Each subject was medicall¡
screened on the basis of a health questionnaire and a medical examination. Informec
consent was obtained from each subject and the research protocol was approved by the
Institute's external Medical Ethical Committee.

Experimental desisn

A detailed description of the study has been pubrished elsewhere (chapter 3).a In short,
the habitual energy intake was estimated by means of a 7-day dietary record before the
study stafed. The total experiment lasted 12 weeks. Subjects were randomly assigned to
one of two groups: a control group (g subjects) and an energy-restricted group
(ER group; 16 subjects). These groups were matched on age and BMI. During the first
two weeks of the study (run-in period) all subjects received a weight-maintaining test
diet based upon the outcome of the dietary record. Since energy intake differs among
individuals, subjects were divided into 6 'energy groups' with a stepwise increase of
ca.770 kJ/day, ranging from 9,304 to 13,147 kJ/day. When subjects lost more than
1 kg/week during this run-in period they were reclassified into a higher energy group.

After these two weeks the 8 control subjects were kept on their weight-maintaining
diet for the next 10 weeks, while the other 16 subjects received a diet that contained
80% of the energy of their habitual (weight-maintaining) diet, and micronutrient levels
of at least their recommended dietary allowances (RDAs). Energy restriction was
achieved by substituting low-fat and artificially sweetened products for ordinary
products. This implied that the relative contribution of carbohydrates, fat and protein to
total energy intake was 57%,34Vo and 15Vo respectively for the control grotp and 47Vo,
36% and 777o respectively for the ER group. All foods and drinks to be consumed
during these 12 weeks were supplied by the Institute. The subjects were not allowed to
eat or drink (except water) anything but the diet supplied.

At the end of the run-in period and at the end of the experiment blood samples
were drawn after an overnight fast for the analysis of indicators of the fibrinolytic
system, as well as for fasting (t = 0) glucose and insulin concentrations. Thereafter, an
oral glucose tolerance test (OGTT) was performed according to the wHo protocol:s
2 hours after an oral glucose load (75 g in 250 ml water, which had to be drunk within
15 minutes) another blood sampl e (t = 12g¡ was drawn for the analysis of glucose and
insulin concentrations.

Methods

Plasma glucose concentrations were analysed with a commercially available kit
(Boehringer Mannheim Diagnostica; Hitachi 911, Japan). Plasma insulin concentrations
were analysed with a commercial radioassay (Pharmacia, Roosendaal, The Netherlands)
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according to the kit protocol.

For the analysis of fibrinolytic factors blood was taken into ice-chilled tubes fron
the intermedian cubital vein by a venoject system. After centrifugation for 10 min al

1700xg and 4oC the plasma was collected, snap frozen and stored at -80'C until

analysis.

To measure PAI activity, PAI-1 antigen and tPA antigen blood was collected ir
CTAD buffer (0.11 M citrate, L5 nM theophylline, 3.7 mM adenosine and 0.198 mM

dipyridamole; Becton Dickinson, Meylon, France). For measuring tPA activity blooc

was collected in Stabilyte tubes (Biopool, Umeå, Sweden). PAI activity was measurec

by a titration method with two-chain tPA according to the method of Verheijen et al.'

Results are expressed relative to pooled plasma: 1007o activity corresponds tc

neutralization of 7.6 IU/ml of tPA. PAI-1 antigen was measured by means of an enzyme

linked imrnunosorbent assay (ELISA) (Coalize@ PAl-1/Innotest PAI-I, Chromogenir

AB, Möndal, SwedenT). tPA activity was measured with a bioimmunoassay for t-P,A

(Coatest@ BIA t-PA, Chromogenixt¡. tPA antigen was measured with the Imulysr

t-PArM method (Biopool).

Statistics

BMDP statistical software was used to detect changes within and between the groups

and to calculate correlations between parameters. Changes within the groups were testec

for significance with the paired Student's t-test. Differences in changes between the twc

groups were tested with the unpaired Student's t-test. Relationships between twc

variables were calculated with Pearson's linear correlation coefficient. Since the contro

group lost some weight too, correlations were calculated for the entire subject populatior

(n = 24).

RESULTS

Baseline subject characteristics (age, body weight, BMI and OGTT) as well as thr

change (Â) after the experimental period are presented in Table 6.1. Both groups los

weight. However, as could be expected, subjects in the ER group lost significantly mort

weight, resulting in a drop in BMI. Fasting glucose levels (t = 0) significantly decreaser

in the ER group, with no significant difference between the ER group and the contro

group. This decrease in the fasting glucose level correlated with the extent of weight losr

(r = 0.531, P = 0.008), and with the change in BMI (r = 0.576, P = 0.003). With regarr

to the parameters of the OGTT, no other significant changes were observed.
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Table 6.1' Baseline (start) physiological characteristics of the participants and the change (À) after 10
weeks of moderate energy restriction.

Control group Energy Restricted

-J.{ + 1.7*x* <0.001

-l.l + 6.3*x* <0.001

-0.31 + 0.48* NS

0.02 t 1.38 NS

-1.38 13.00 NS

-1.0 + 22.7 NS

Age (yr)

Body weight (kg)

Body Mass Index (kg/mr)

Glucoset=0(mM)
Glucoset=120(mM)
Insulint=0(mu/l)
Insulint=120(mU/l)

Start

43+5
77.7 + 6.6

24.6 + 2.2

4.95 + O.44

4.44 t O.92

8.25 ! 2.82

30.5 r 19.9

-2.1 + 7.5**
-0.8 + 0.6

0.02 t 0.30

-0.08 t 0.67

-0.96 + 2.38

-1.5 ! 6.4

Starl

43+4
78.6 + 9.3

24.9 ! 1..8

4.87 t 0.40

4.44 x 1.04

7.37 !2.75
24.9 + 2r.5

* - P<0.05; x* = P<0.01; **+-P<0.001.

Table 6.2. Baseline (start) levels of fibrinolytic factors and the change (À) after 10 weeks of moderate
energy restriction.u

Control group

Stalt 
^

Energy Restricted

Start 
^

P

Àctrl
vs ÀER

PAI activity (IU/ml)
(subgroup 1)

(subgroup 2)

PAI-1 antigen (nglml)

(subgroup 1)

(subgroup 2)

rPA activity (mtuimt)
(subgroup 1)

(subgroup 2)

tPA antigen (nglml)

(subgroup 1)

(subgroup 2)

9.3 + 3.2

7.4 + 7.8

12.3 + 2.6

57.1 + 40.0

45.9 + 44.5

75.6 + 82.4

291 + 116

352 + 89

i89 + 80

4.9 + 2.8

3.3 + i.8
7.6 + 1.7

0.7 t 3.6

-0.7 + 0.5

3.0 ! 5.7

-4.6 ! 40.2

-'15.3 x 28.0

13.3 t 57.8

-91 + 91 *

-100 t 78

-76 + 127

-1.1 + 0.8

-1.1 I 1.1

-1.2 + 0.3

10.3 t 4.4

7.0 + 1.5

13.6 r 3.8

60.8 + 41.3

39.1 t 16.7

82.4 + 48.4

341 + 247

490 ! 268

1,92 + 90

6.3 + 3.5

4.4 + 3.3

8.3 x 2.5

-2.Ç + 2.9**x 0.01g

-0.5 + 0.6* NS

-5.4 + 2.1**t 0.007

-30.1 + 38.8* NS

-18.5 t 17.3* NS

-47.7 + 51.5 NS

50 + 165 NS

-8 + 217 NS

108 + 61x* 0.072

-l.l + 2.1*** 0.005

-2.0 + 2.4 NS

-4.1 + 6.3xxx <0.001

" subgroup 1: baseline PAI activity < 9lU/ml, control group n = 5, ER group n = 9;
subgroup 2: baseline PAI activity > 9 IU/ml, control group n = 3, ER grouþ n = Z.* = P<0.05; ** = P<0.01;s**-P<0.001.
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The results on fibrinolytic parameters are presented in Table 6.2. At baseline, thest

parameters did not differ significantly between groups. Energy restriction resulted ir

significantly lower PAI activity. Further inspection of the data (Figure 6.1) showed tha

the decrease of PAI activity in the ER group was modest in subjects (n = 9) witl
baseline PAI activity levels < 9 Iu/rnl (subgroup 1), but was most marked in subjectr

(n = 7) with a baseline PAI activity higher than 9 IU/ml (subgroup 2). PAI-1 antigel

level decreased significantly in the ER group. In this group, the high-PAI subgrouy

(subgroup 2) showed the strongest decrease in PAI-1 antigen level but this decrease war

not significant (P = 0.08). tPA activity decreased significantly in the control group bu

not in the ER group. However, when baseline PAI activity level was taken into accoun

tPA activity increased significantly in subgroup 2. tPA antigen decreased significantly ir

both the control and the ER group, although the effect was more outspoken in the EI

group, especially in subgroup 2.

A similar subgroup analysis was also performed for the control group although th,

subgroups are relatively small (n = 3; n = 5) for statistical analysis.

ER

Ctrl.

y=x

PAI=9 IU/ml

PAI activity (IU/ml) baseline

Figure 6.1. Relationship between PAI activity at baseline and at the end of the intervention period

- Y=x; -----PAI = 9 IU/ml'
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Correlation coefficients were calculated between baseline values as well as between
changes in the parameters analysed. Baseline PAI activity was found to be inversely
correlated to tPA activity (r = --0.683, P < 0.001), and significantly related to pAI-1
antigen concentration (r = 0.675, P < 0.001) as well as to tPA antigen concentration
(r = 0.640, P < 0.001). Baseline insulin level at t = I20 was significantly related to
baseline PAI activity and antigen levels. Baseline BMI was not correlated with baseline
PAI activity, but the decrease in BMI correlated slightly but significantly with the
decrease in PAI activity (Table 6.3).

Table 6'3. Correlations (r) between baseline fibrinolytic factors and some physiolocal parameters (BMI
and OGTT), as well as between changes in these parameters (n = 2\.

PAI activity PAI-1 antigen t-PA activity t-PA antigen
BMI
Glucose t = 0
Insulin t = 0
Glucose t = 720

Insulin t = 120

0.295

0.330

0.291,

0.504 +

0.711 r**

A PAI activity

0.349

0.305

0.226

0.594 * *

0.752 ***

A PAI antigen

-0.151

-0.296

0.053

-0.245

-0.538 * +

Ä t-PA activity

0.264

0.339

0.394

0.360

0.619 **x

À t-PA antigen
A BMI
ÂGlucoset=0
ÀInsulint=0
ÀGlucoset=l2O
ÀInsulint=120

0.41.4 *

0.126

-0.008

0.052

0.073

0.360

0.1 80

-0.082

0.253

0.303

-0.330

-0.244

0.440 *

0.044

-0.084

0.442 *

0.006

0.311

0.045

0.016

* = P<0.05;** = P<0.01; *+*-P<0.00i.

DISCUSSION

The aim of this study was to look after potential health risks or benefits of the
application of a moderately energy-restricted diet with special regard to fibrinolytic
factors. High PAI activity, leading to decreased fibrinolytic activity, can predict coronary
thrombosis.e There is general agreement on lower fibrinolytic activity in obesity: in
observational studies an inverse relationship between obesity and fibrinolytic activity,l0,lr
as well as a positive correlation between BMI and PAI activityr2,t3 ¡u, been found. From
a case-control study it appeared that obese subjects had lower fibrinolytic activity
associated with elevated PAI-1 concentrations which, in turn, correlated with increased
concentrations of insulin.ta The small range in BMI in our study probably explains why
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we did not find an association between BMI and fibrinolytic factors, as compared to tl
large range (16-39 kglm') in the studies mentioned.

Intervention studies into the effects of ER and/or weight loss on the fibrinolyt
system have especially been reported for obese but hardly for iean subjects, and we
focused either on very-low-caloric-diets (VLCD) or on surgical treatment. In obel

subjects (BMI > 30 kglrr.,), VLCD for 3 monthsls or 6 monthsl' has been reported
lower factor VII,15'16 PAI activity,l5 PAI-I antigenl' as well as tpA antigenl. which
associated with marked weight loss. Surgical treatment resulted in a mean decrease

body weight of 64 kg at 12 months and was accompanied by significant reductions
factor VII, fibrinogen concentration and PAI activity.lT From these intervention studies

can be concluded that fibrinolytic activity increases after severe weight loss in the obes

However, dieting also occurs among lean subjects. ogstonlo noted that a diet r

590 kJ/day for 3 days increased fibrinolytic activity in non-obese subjects. To or

knowledge, no studies have reported on the effects of moderate energy restriction
non-obese subjects. Therefore, this is the first longer-term study into the effects r

moderate energy restriction on fibrinolytic factors showing that even moderate enerp

restriction has beneficial effects on fibrinolytic factors, at least in subjects with high,

PAI activity (> 9 IU/ml). Although this decrease could be ascribed to a 'regression r

the mean', it is noteworthy that PAI activity did not decrease in the control grou
(Figure 6.1).

In the present study the effect of ER on lipid profile was also measured, the resul

of which are presented elsewhereo. Briefly, no significant of ER on fasting triglycerid
total cholesterol, LDl-cholesterol and HDl-cholesterol concentrations were observr
using students t-test. However, the decrease in body weight was significantly relate

with an increase in HDl-cholesterol. PAI-1 antigen has been associated with sever

cardiovascular risk factors including hypertension, hypertriglyceridemia, glucor

intolerance and type II diabetes mellitus.ls In this study PAl-activity correlate

significantly with fasting triglyceride, total cholesterol and LDl-cholesterr
concentrations (r=0.743, P<0.001; r=0.506, P=0.012 and r=0.514, p=0.01
respectively in 24 subjects). In addition, in our study subjects with a PAI activir
> 9 lu/rrìl (n = 10) did not differ in BMI or in systolic or diastolic blood pressure br

had significantly higher baseline glucose levels at t = 0 (P = 0.015) and triglyceridr
concentration (P = 0.038) and tended to have higher insuline levels at r = 12

(P = 0.059). This association suggests a link between PAI-1 antigen and insuli
resistance (i.e. 'resistance to the glucose-stimulating effects of insulin in key organs su(

as muscle tissue, liver and fat, leading to higher glucose concentrations, albeit within tl
normal ranges'le). This link has been studied by Potter van Loon et a1.3 by means of
sequential hyperinsulinemic euglycemic clamp study in obese subjects. They found th
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PAI-1 antigen correlated significantly with peripheral insulin resistance. In our study
significant correlations between baseline fasting PAI activity/antigen and glucose as well
as insulin levels at two hours after a glucose load were observed. This finding suggest a
similar relationship between insulin sensitivity and PAI activity, even in lean subjects.
After 10 weeks of moderate energy restriction the correlation between PAI activity and
insulin at t = I2O was less obvious but still significant (r = 0.565, P = 0.006), probably
due to smaller ranges.

The mediator between insulin and PAI is not clear yet.'o,t'In vitro, the secretion of
PAI-1 by cultured hepatocytes in promoted by insulin.e

In conclusion, this study shows that moderate energy restriction in non-obese men
with PAI activity levels higher than 9 IU/ml has beneficial effects on fibrinolytic factors.
In addition, before the intervention period, PAI activity was significantly conelated with
insulin and glucose levels at two hours after a glucose load, in agreement with the
suggestion that higher PAI activity encounters insulin resistance. Since moderate energy
restriction has a beneficial effect on the ageing process, and impaired fibrinolytic activity
is associated with ageing, energy restriction might at least in part delay the ageing
process by increasing fibrinolytic activity.

Since this study presents the results of a 10-week energy-restricted diet we can
only speculate on the longer-term effects. However, it is very difficult to conduct
controlled feeding studies for periods longer than 12 weeks. In this study we aimed at
2OVo EPt, but due to underreporting of habitual energy intake, as indicated by weight loss
in the control group, the imposed energy restriction was probably higher than 20%.
Since subjects were still losing weight at the end of the intervention period with no sign
of a tendency to stabilize, we feel that the imposed level of energy restriction might be
too high and not feasible as a long-term intervention. Therefore, in future studies, we
will focus on longer- term feasibility of a more moderate ER regimen and under free-
living conditions. However, the results of this study clearly show that moderate ER is
also relevant in lean subjects and has a health-potentiating effect.

Since this study presents only fibrinolytic factors, and not true fibrinolytic activity,
it would also be worthwhile to study the effect of a period of moderate energy
restriction on true fibrinolytic activity. However, from the results of this study, i.e. a
decreased PAI activity and in increased tpA activity in the high-pAl subgroup, an
increased true fibrinolytic activity might be expected. Since this study shows that
moderate energy restriction acts profibrinolytically in healthy non-obese men, it would
also be valuable to study whether these results are representative for other populations,
including those with higher risks for cardiovascular disease.
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ABSTRACT

Restriction of energy intake (ER), without malnutrition of essential nutrients, has

repeatedly been demonstrated to increase longevity in rodents. Several hypotheses have
been put forward to explain this phenomenon. In the 'antioxidant theory of ageing' the
unbalance between the generation of free radicals and free radical scavenging has been
suggested to be a main causal agent in the ageing process. From this point of view the
anti-ageing effect induced by ER in animals might be due to the lower rate of
free-radical production and related damage induced by a lower metabolic rate. The
anti-ageing effects of ER might also occur in humans. This study explored the
short-term effects (10 weeks) of a moderately energy-restricted diet (807o of habitual) in
24 non-obese middle-aged men (16 ER subjects, 8 controls) on resting metabolic rate
(RMR) and indicators of the primary antioxidant defence system, oxidative stress and
genotoxicity. RMR decreased significantly in both groups, even when adjustments were
made for the change in body composition. No significant effects were observed for the
indicators of oxidative stress or for indicators of genotoxicity. Erythrocyte catalase

activity decreased significantly and similarly in both groups. The activities of glutathione
peroxidase and superoxide dismutase did not change. Blood vitamin C concentrations
increased (+13.4x14.0 ¡tmo|lL; P < 0.01) in the ER group. Changes in blood vitamin C
correlated with the increases in urinary fì-hydroxy-deoxyguanosine (8OHdG) excretion in
all subjects (n = 27 r = 0.478; P = 0.021). The change in urinary SOHdG excretion also
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correlated with the change in RMR (n = 21; r = 0.516; P = 0.017) when values we
expressed per kg fat-free mass. No differences between groups were found for changr

in plasma vitamin E, vitamin A or p-carotene concentrations. We conclude that l
weeks of moderate ER did not affect indicators of antioxidative capacity, oxidative strer

and genotoxicity of humans. Since subjects were not in energy balance at the end of tl
study, no conclusions can be made with respect to long-term effects.

INTRODUCTION

Energy restriction (ER), without malnutrition of essential nutrients, has repeatedly ber

demonstrated to effectively and reproducibly increase longevity in rodents. Atthough E

retards many of the physiological changes associated with ageing, the mechanism(
responsible for the anti-ageing effects of ER are not well understood, which is also trr
for the basic causes of the ageing process itself. Among the many theories of ageing, tl
possibility that free radicals, generated by oxygen metabolism, are involved as ma

causal agents is receiving particular attention. Harmanr formulated his 'free radic
theory of living' as early as 1954, when he postulated that ageing might be attributed
least in part to accumulative damage caused by radical generation associated wil
cellular metabolic activity. According to this theory, free-radical damage can by reduce

by lowering metabolic rate. This theory has been supported by studies from Cutler2 wl
showed an inverse relationship between species-specific life span and metabolic rate.

Therefore, one of the causes underlying the anti-ageing effect induced by ER migl
be a lower rate of free-radical production and related damage, induced by a lowr
metabolic rate.

In addition to the effect on metabolic rate, the beneficial effects of ER on tt
ageing process have been explained by a positive effect of ER on maintaining, or ev(

increasing, the anti-oxidative defence system with age.3 Free radicals are effectivel
scavenged by both radical-scavenging enzymes such as superoxide dismutase (SOD

catalase and glutathione peroxidase (GSH-Px), as well as by antioxidants such ¿

vitamins E and C and p-carotene.

Thus, the beneficial effects of ER on the ageing process may proceed through bot

effects, i.e. by lowering the production rate and by effective scavenging of free radical

both resulting in lowering of oxidative stress. An intriguing question remains whethr

ER might also be beneficial in humans. Since ageing is a pleiotropic process, tl
anti-ageing effects of ER might also occur in human beings. However, it is ver

difficult, if not impossible, to test this hypothesis in life-long controlled huma

experiments. The aim of this study was to investigate the effects of a 10-wee
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moderately energy-restricted diet in non-obese middle-aged men on indicators of the
primary antioxidant defence system (antioxidant enzymes as well as antioxidant
vitamins), oxidative stress and of genotoxicity. The duration of the study was 12 weeks
because, in our opinion, volunteers would not be willing to participate for a longer
period of time under these controlled conditions. It was hypothesized that ER might
increase anti-oxidative capacity or reduce oxidative damage, in parallel with a decrease
in resting metabolic rate.

MATERTALS AND METHODS

Subjects:

Twenty-four apparently healthy men, aged 43 ! 5 (range 35-50 years) with a mean body
mass index (BMÐ o124.6 t 1.8 kg/m2 (range zo.6-2j.zkel^t) participared in this study.
All subjects had a stable weight during the past year, had a normal routine clinical
chemistry profile and rvere non-smokers. They had normal dietary patterns and no
extreme level of energy intake (9,300-73,200 kJ/day). Some physiological characteristics
(body weight, BMI, resting metabolic rate) of the subjects are presented in Table 7.1.
Each subject was medically screened through a health questionnaire and a medical
examination. Informed consent was obtained from each subject and the research protocol
was approved by the Institute's external Medical Ethical Committee.

Experimental design:

A detailed description of the experimental design has been published elsewhere
(Chapter 3).4 Briefly, the total experiment lasted 12 weeks. Subjects were assigned to
two groups: a control group (n = 8) and an energy-restricted group (ER group; n = 16).
Groups were matched on the basis of age and BMI. Habitual food intake was assessed
by means of a 7-day dietary record. As calculated with the computerized Netherlands
Food Composition Table (UCV/|{EVO), habitual intake of saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (puFA),
respectively was 17.3 + 2.97o,16.0 t 2.0% and 6.6 ! 1.1o/o of total energy intake in the
control group and 15.8 t 2.27o, 75.4 ! 2.9vo and 6.4 t 1.3vo of total energy intake in
the ER group. The groups did not differ significantly for any of these fatty acid intakes.

During the first two weeks of the study (run-in period) all subjects received a

weight-maintaining test diet based upon the outcome of their dietary record. Since
energy intake differs among individuals, subjects were divided into 6 'energy groups'
with a stepwise increase of ca.770 kJ (i.e. 9,304; 10,073; 10,g41; 11,610; 72,37g and
13,141 kJ/day respectively). When subjects lost more than 1 kg/week during this run-in
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period they were reclassified into a higher energy group.

After these fwo weeks the 8 control subjects were kept on their weight-maintaininl
diet for the next ten weeks, while the other 16 subjects received a test diet that container

8O% of the energy of their habitual (weight-maintaining) diet, with micronutrient level

of at least their Recommended Dietary Allowance (RDA). The 20% energy restrictioi
was achieved by substituting low-fat and artificially sweetened products for ordinar
products, such that the relative contribution of carbohydrates, fat and protein to tota

energy intake remained approximately the same. During the experimental period intak,

of SFA, MUFA and PUFA was calculated to be 13.6 ! 0.37o, 73.2 x 0.57o ant

11.1 t 0.4% of total energy intake in the control group and 14.2 ! 0.77o, 13.8 x 0.29

and 8.1 ! 0.1% respectively in the ER group, indicating that PUFA intake was lower ir

the ER group. Diets with the highest and lowest energy content were analysed fo
antioxidant micronutrients. Analyses of these extremes revealed that vitamin E intak,

was between 7.8 and 18.6 mg per day for the control group and between 9.3 and 10.

mg per day for the ER group; vitamin C intake was between 97.4 and 136.1 mg per da,

for the control group and between 111.4 and 135.2 mg per day for the ER group

B-carotene intake was between 1.9 and 2.1 mg per day for the control group an(

between 1.9 and 2.0mg per day for the ER group; selenium intake was between 39 anr

52 pg per day for the control group and between 28 and 57 þg per day for the EI
group.

All foods and drinks to be consumed during the 12-week study were supplied b'

the Institute. The subjects were not allowed to eat or drink (except water) anything bu

the food supplied.

Resting metabolic rate (RMR) was measured twice before and twice at the end o
the experimental period. The mean of the duplicate measurements was used as a variabl,

in the analysis. At the end of the run-in period and at the end of the experimental perior

body composition was measured and blood was drawn from fasting subjects for th,

analysis of variables related to oxidative stress (plasma malondialdehyde (MDA)
oxidazibility of LDL (LDL-ox), and 8-hydroxydeoxyguanosine (8-OHdG) in botJ

lymphocytes and urine), as well as for the indicators of anti-oxidative capacit'

(erythrocyte catalase, glutathione peroxidase (GSH-Px) and superoxide dismutase (SOD

activities as well as plasma vitamins C, E and A, and l3-carotene concentrations).

Methods:

Resting metabolic r¿re. RMR was measured in the morning after the subjects had stayer

overnight in the metabolic ward of the Institute. O, consumption þaramagnetic analyser

Beryl 102; Cosma, Igny, France) and CO, prcduction (AR-400 infrared gas analyser

Anarad, Santa Barbara, CA, USA) were measured under thermoneutral temperaturr

AA



conditions in fasting subjects on four occasions, twice during the run-in period and twice
near the end of the experiment. o, and Co, analysers were calibrated against
standardized gas mixtures every morning. While lying for 30 min in supine position, the
subjects were breathing through a low-resistance breathing valve (#2700; Hans Ruldolph,
Kansas City, MO, USA). Weir'ss formula was used for calculating RMR.

Body composition. The subjects were weighed to the nearest 0.1 kg every week on
a balance (ED-60-T; Berkel, Ridderkerk, The Netherlands) before dinner, while wearing
underwear. Body composition, i.e. fat mass and fat-free mass (FFM), was estimated
from the three-compartment model of Sirió which combines body density with total body
water. Body density was measured using the hydrostatic weighing technique of Brozek
et al.1 Underwater weight was determined to the nearest 0.1 kg with a balance
(SK; Berkel, Ridderkerk, Netherlands) white the residual lung volume was determined
simultaneously by helium dilution and a spirometer (Volutest; Mijnhardt, Bunnik,
The Netherlands). Total body water was determined by deuterium dilution.

Plasma malondialdehyde (MDA). For the analysis of MDA blood was collected in
EDTA-containing tubes. Plasma was stored under helium at -80'C until analysis. MDA
was analysed fluorometrically (Perkin-Elmer spectrophotometer 204-A, Gouda, The
Netherlands) after formation of an adduct with thiobarbituric acid (TBA) as reported by
Hendriks and Assman.8

Low-density lipoprotein resistqnce of ex-vivo copper-mediated oxidation (LDL-ox)
was analysed according to the method of Princen et al.e The lag-time (min) was used as

a measure of LDL-ox.
8-Hydroxydeoxyguanosine (9OHúG) in lymphocyles. Lymphocytes were isolated

using Ficoll. From these lymphocytes DNA was isolated. The number of goHdG
adducts was measured by HPLC with electrochemical detection, essentially according
Richter et al.,ro and was expressed mol SOHdg per 105 mol deoxyguanosine. Analysis of
lymphocyte 8OhdG was completed in 19 subjects at the start of the intervention (ER
group n = 13; control group n = 6), and in 22 subjects at the end of the intervention (ER
group n = 15, control group n = 7).

Urinary 8OHùG. 24-hour urine samples were collected at the end of the run-in
period and at the end of the experimental period and stored at -20"C until analysis of
8-OHdG by HPLC with electrochemical detection.ll The second urine collection was not
completed in one subject from the ER group.

For the analysis of catalase, GSH-Px and SOD in erythrocyles, heparinized blood
was collected. Erythrocytes were washed three times and stored at -80"C until analysis.

catalase activity (EC 1.11.1.6) was measured by monitoring substrate (Hro)
disappearance spectrophotometrically (LKB, Cambridge, IJK) at 240 nm according to the
method of Aebi.'2
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GSH-Px øctivity ((EC 1.11.1.9) was measured according to a 'Fl-AlR-standardizer
method' (Belsten and Wright, unpublished). This FLAIR assay is based on Paglia anr

Valentine's method,l3 including an eîzyme stabilization step and using t-buty

hydroperoxide rather than hydrogen peroxide.

SOD activity (EC 1.15.1.7) was measured spectrophotometrically (LKB, Cam

bridge, UK) using the RANSOD kit (Randox laboratories, Ireland) according to the kit'
protocol.

Total vitamin C. Yitamin C concentration in whole blood was measured by HPL(
with fluorometric detectionla immediately after blood sampling (between-assa,

variabilily: 5%).

Vitamin E, vitamin A ctnd t|-carotene. Heparinized blood was collected. Plasma wa

separated immediately after collection by centrifugation (10 min, 20009) and stored a

-80'C until analysis. Vitamin E, vitamin A and p-carotene were analysed by HPLC a

described by van Vliet et a1.16

Total cholesterol. For the analysis of total cholesterol concentration a commerciall'
available kit was used (Boehringer Mannheim Diagnostica, Amsterdam, Th

Netherlands).

Hemoglobin (Hb) concentrøtiolr was determined by using a semi-automati

computer equipped hematology analyser (Sysmex K1000, Japan; D41000, Japan).

Near the end of the experimental period (after 10 weeks of moderate energ'

restriction) after at' overnight fast, blood was collected by venapuncture into heparinizer

tubes. Lymphocyte cultures were set up using whole blood and phytohaemaglutinir

stimulation for the assessment of a variety of cytogenetic biomarkers by routin
methods: 1) sister chromatid exchanges (SCE),16'17; 2) chromosomal aberrationsl6'1;

3) micronuclei in binucleated cells (cytokinesis block methodts).

Statistics:

BMDP statistical software (Los Angeles, CA, USA; version 1990 VAX/VMS) was user

to detect changes within and between the groups, and to calculate correlations betweel

variables. Changes within the groups were tested for significance with the pairer

Student's t-test. Differences in changes between the two groups were tested with th

unpaired Student's t-test. Relationship between two variables was calculated witl
Pearson linear conelations. P-values were considered statistically significant at P < 0.05
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RESULTS

Table 7.1 presents the physiological characteristics, including body weight and RMR
before and after the intervention as well as the change (A) that had occurred at the end
of the intervention. As expected, there was a considerable weight loss in the ER group,
which was significantly greater than the relatively small weight loss in the control group.
At the end of the intervention period subjects were still losing weight, and there was no
tendency to stabilize. As a consequence of the weight loss, BMI decreased significantly
in the ER group. RMR significantly decreased in both groups. RMR tended (p = 0.oe) to
decrease more in the ER group than in the control group. Even after adjusting for body
composition, RMR still significantly decreased in both groups, suggesting an increase in
metabolic efficiency in subjects in negative energy balance.

The effects of a moderately energy-restricted diet on indicators of oxidative stress
and anti-oxidative capacity are summarized in Table 1.2. No effects could be
demonstrated for any of the indicators of oxidative stress (MDA, LDL-ox and 8OHdG)
measured. SOHdG was measured in both lymphocytes and urine. Lymphocyte SOHdG is
considered to reflect the balance between damage and repair at the time of sampling,
while urinary 8OHdG is interpretated as the rate of oxidative DNA modification. Neither
indicator of oxidative DNA modification was affected significantly by ER. However, the
change in SOHdG excretion, i.e. the change in the rate of rate of oxidative DNA
modification, correlated positively with the change in RMR (r = 0.5L6, p = 0.017,
n = 21) when both indicators were expressed per kg fat-free mass (FFM). Of the free-
radical-scavenging enzymes measured, catalase significantly decreasecl in both groups,
with no difference between groups. The activities of the two other free radical
scavenging enzymes, GSH-Px and SOD, did not change. Of the antioxidant vitamins
analysed, vitamin C concentrations increased significantly in the ER group, but not in
the control group. The change in whole blood vitamin C concentration correlated with
the change in SOHdG excretion when all subjects were included in the analysis
(r = 0.478, P = 0.021) (Figure 7.1). Plasma vitamin E, concentration decreased in the ER
group. Flowever, when expressed relative to plasma total cholesterol concentration this
decrease was not significant. No changes were observed in plasma vitamin A
concentrations. Beta-carotene concentration increased significantly in the ER group, but
this increase was not significantly different from the nonsignificant increase in the
control group.

No differences between the two groups were observecl for any of the indicators of
genotôxicity measured after 10 weeks of moderate energy restriction only (Table 7.3).



c

G

Tabte 7.1 physiological characteristics of the participants at the sta¡t and at the end of the experiment, as well as the change (Â) observed after l'0

weeks of moderate energy restrictionab.

Control group
(n=8)

Start End A

Energy Restricted (ER) grouP
(n = 16)

Start End 
^

P

Àcontrol
vsÀER

Bodyweight(kg) 7'7.'7 x6.6 75.7!6.0 -2.1.+7.5*s 78.6t9.3 71.3x9.3 -7.4!L.7x*4 <0.001

Bodymassindex(kg/mr) 24.6+2.2 23.8+2.1 -0.8 10.6 24.9+1,.8 22.6+1'.6 -2.3+0.8*xx <0'001

RMR (MJ/day) 7.40 ! 035 6.80 r 0.55 -0.60 + 0.40** 8.02 ! 1.26 6.93 t 0.95 -1.07 + 0.63*** NS

RMR (J.kg FFM-r.day-') 124.5 + g.4 115.1 + 9.2 -9.4 + 6.74* 132.7 ! 1,6.4 114.9 + 13.8 -15.4 + 11.1+*x Ns

"Data are expressed as mean * SDi * P < 0.05; ** P < 0.01; **+P < 0'001 within group'
bAbbreviations used: RMR, resting metabolic rate; FFM, fat-free mass.



Table 7.2. Indicators of oxidative stress and anti-oxidative capacity in humans at the start and at the end of the experiment, as well as the
change (A) observed after 10 weeks of moderate energy energy restrictionu'b.

t:
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c
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o
v
(\q

Tissue Control group
(n=8)

End

Energy Restricted (ER) group
(n = 16)

Start End 
^

Àctrl
vs

AER
P

Start

OXIDATIVE STRESS

MDA (pmolll-)

LDL-ox (lag time, min)

8-OHdc/1 05dc (mol/mol)

8-OHdG (nrnol/24 h)

8-OHdG (nmol.kg FFM'r.day'r)

ANTI-OXIDATIVE CAPACITY

Catalase (k/g Hb)

GSH-Px (U/g Hb)

SoD (U/g Hb)

Vitamin C (pmol!-)

Vitamin E QnnollL)
vit E/total cholesterol (ømollmol)

Vitamin A (pmoVL)

B-Carotene (pmoVL)

P

P

L
U

U

E

E

E

B

P

P

P

P

7.04 ! 0.21

68;7 ! 15.7

3-45 ! 2.00"

39.5 ! 12.5

0.67 ! 0.20

123.2 !.22.2
72.7 ! 13.2

680 ! 137

54.3 ! 7.1

28.6 ! 6.6

5.89 t 0.71

2.O1 ! 0.48

0.29 t 0.08

1.22 ! 0.27

74.6 ! 6.4

3.09 x 2.75d

36.7 ! 10.9

0.62 r 0.18

109.9 t 15.0

73.0 ! 72.7

663 ! 143

52-3 ! 15.4

28.8 I 5.3

6.59 ! 2.92

2.06 t 0.32

0.37 ! 0.16

0.19 I 0.28

5.9 t 1,6.2

1..46 ! 2.37"

-2.85 I 8.86

-0.04 r 0.16

-73.3 ! 12.5*

0.3 ! 7.3

-16 t 55

-2.0 ! 20.7

0.2 ! 1.0.3

0.69 ! 2.64

0.05 r 0.26

0.09 r 0.12

1.09 1 0.19

67.3 ! 25.9

2.88 + 2.1,1r

37.8 ! 13.2

0.63 ! 0.22

1,25.0 ! 20.7

73.6 ! 11..9

779 t 775

51..6 ! 1.3.7

30.8 l 6.3

6.1.1, x 0.79

1,.99 ! O.32

0.30 I 0.10

1.17 I 0.39

13.3 ! 10.6

2-81 ! 2.498

41.3 ! 12-5

0.69 ! 0.24

114.9 ! 17.4

73.0 ! 9.4

704 ! 1.18

64.9 ! 1.1,.4

27.4 ! 4.5

5.76 ! O.59

1,.94 ! 0.24

0.40 t 0.14

0.13 t 0.35

5.9 r 31.0

-0.02 ! 2.84h

3.51 r 11.6

0.06 I 0.19

NS

NS

NS

NS

NS

-1,0.7 + 77.9* NS

-0-7 ! 8.7 NS

-15 ! 69 NS

13.4 + 14.0+* 0.04

-3.4 + 5.3* NS

-0.35 ! 0.72 NS

-0.05 ! 0.29 NS

0.09 + 0.09*+* NS

'Data are expressed as mean + SD; * P < 0.05; ** P < 0.01; +*xP < 0.001 within group.
bAbbreviations used: MDA, malondialdehyde; LDL-ox, LDL ¡esistance of ex-vivo copper-mediated oxidation; 8-OHdG, 8-hydroxydeoxyguanosine;
dG, deoxyguanosine; FFM, fat-free mass; GSH-PX, glutathione peroxidase; SOD, superoxide dismutase. P, plasma; L, lymphocytes; U, urine; E,
erythrocyte; B, whole blood.

'n=6;dn=1; "n=5; fn=13;8 n=15; hn=12.
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Table 7.i. Indicators of genotoxicity after 10 weeks of moderate energy restriction in humans.u

Control group
(n=8)

Energy restricted
(n=16)

Sister chromatid exchangesb

Chromosomal aberrations, gaps incl."

Chromosomal aberrations, gaps excl."

Micronuclei/1 000 binucleatesd

4.2 + 0.3

0.7 t 0.5

0.3 r 0.5

lO.0 + 3.7

4.3 + 0.2

o.'7 + 0.7

0.3 + 0.6

1O.4 ! 4.5

"Data are expressed as mean + SD; bNumber of sister-chromatid exchanges per cell; 50 cells scored ¡
individual ftom 2 slides; "Number of chromosomal aberrations per 100 cells; 100 cells scored ¡
individual from 4 slides; dNumber of micronucleated cells per 1000 binucleated cells; 2000 binucleal
cells scored per individual from 2 slides.

DISCUSSION

One of the hypothesis that has been put forward to explain the ageing process is tl
ageing is related to a disregulation in the balance between prooxidants and antioxidar

leading to oxidative stress. The large body of literature on animal studies indicates tl
1) the levels of anti-oxidant defence are positively correlated with species life spa

2) the rate of production of free radicals correlates inversely with species life spa

3) anti-oxidant defence declines with increasing age, 4) the rate of production of fr
radicals increases with age and that, as a result, 5) oxidative damage increases wi

age.1e Ho\Mever, results are not always comparable because of differences in stur

protocol and type of experiment (matrix, type of marker, species, sex, age groups etc

Nevertheless, results obtained in lifelong studies in animals strongly suggest that t
maintenance of an appropriate antioxidant/prooxidant balance does have an importa

role in maintaining health in ageing.2o One of the best known age-related signs of lip
peroxidation in both animals and humans is an accumulation of the lipoidal fluoresce

called lipofuscin or age pigment. Lipofuscin is formed in non-dividing cells, such

neurons and skeletal and cardiac muscle cells, from the auto-oxidation of lipids, whi
involves free-radical chain reactions.2l An age-related increase in another lif
peroxidation product, MDA, has also been observed in human subjects aged between

and 80 yeats,zz and when comparing young people (21-43 years) with elder

(> 65 years).23 In addition, lower platelet vitamin E levelsz3 and lower platelet GSH-

activities23 were found in the elderly humans. Niwa et al.2a reported that the inducibil.

of lymphocyte SOD in healthy subjects decreases with age. Moreover, low inducibil

at 67-73 years appeared to be predictive of malignancy or fatal cardiovascular events I

the next 5 years. Recently, Orr and Sohal25 reported that simultaneous overexpression

SOD and catalase in Drosophila melanogaster resulted in a one-third extention

10n
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lifespan and a longer mortality rate doubling time, which supports the free radical
hypothesis of ageing.

Thus, in both animals and humans an age-related increase in lipid peroxidation is
apparent' Two years ER in rodents seems to prevent this age-related increase in lipid
peroxide levels and decrease in anti-oxidant defence in rodents.26 ER might therefore
have a similar beneficial effect in humans.

The aim of our intervention was to study the short-term effects of moderate energy
restriction on indicators of oxidative stress and antioxidative capacity as well as on
resting metabolic rate in humans. Since, to our knowledge, no previous studies have
addressed this question, this appears to be the first attempt to study the relevance of
findings from animal studies to human beings. Ar interesting long-term experimeny
involving ER in humans is Biosphere2.'lhe diet of the eight subjects in this ecosystem
is low in energy (7,500 kJ/day) and fat (10% of energy intake). Body weight and clinical
chemistry data have been published2T but not data concerning prooxidant/antioxidant
balance.

Our results are hard to compare with data obtained from animals since data on the
effects of short-term ER in animals are scarce and unequivocal: yu3 found that the
anti-lipid peroxidative action of ER (407o of ad libitum), initiated at 6 weeks of age, was
discernable after six months of ER as indicated by suppressed MDA formation, while
Rao et al-28 did not demonstrate an effect of ER (607o of ad libitum), also initiated at
6 weeks of age, on MDA formation after four months. Although these studies are
classified as short-term, the duration of ER is approxim ately t/+ of the life span of the
rodent, which might compare roughly to 15 to 20 years in humans. Another difficulty in
comparing our data with data from animal studies is the age of the subjects used.
Althoug ER initiated in adult rodents extends longevity,2e it remains to be established
whether ER imposed in full-grown animals acts through similar physiological
mechanisms as when imposed soon after weaning.

Considerably more data are available concerning the effects of long ferm (24
months) ER in animal models. Yu3 noted that MDA generation in freely fed rats
increased with age. The anti-lipid peroxidative action of 60% ER was demonstrated by
suppressed MDA formation. Rao et a1.28 observed that the 40% ER-induced retardation
of the age-dependent increase in MDA levels was apparent at 12 months of age. With
respect to ex-vivo LDL oxidizibility, to our knowledge, no studies have reported the
effects of ER on LDl-oxidizibility. oxidative DNA damage as measured by goHdG
was attenuated by 4o7o ER in livers of 24-month old rats.2e The prodects of DNA
damage (including non-oxidative DNA damage) accumulate with age in mice3o and may
therefore contribute to the ageing process. We therefore hypothesized that the beneficial
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effects of ER might be reflected in fewer cytogenetic biomarkers for genotoxicit'

Although, cytogenetic biomarkers were not measured at the start of the study there is n

reason to assume that they differed between the groups at the start of the interventior

Pieri et aI.31 studied antioxidant enzymes activities in erythrocytes from youn

(6 months), old (24 months) and energy restricted (fed every other day) old rats an

found an age-associated decrease in activities of catalase and GSH-Px, which wi
prevented by ER. Most of the data concerning ER and ageing are generated by lifelor
animal studies. Therefore, it was uncertain whether we could expect a beneficial effe

of ER on the indicators presented in this paper. In addition, a complicating factor r

comparing human to animal data is that most of the evidence in animal studies is base

upon findings obtained from unaccessible organ tissues, especially liver. Studies :

humans are limited with respect to the substrates for analysis since only blood and urir

samples are readily available.
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Ten days of ER (5,000 kJ/day) in one human subject has been shown to decrease
urinary SOHdG excretion.32 In our study we found no support for our hypothesis, i.e. no
reduction in measures of lipid peroxidation, anti-oxidative capacity, DNA modification
or genotoxicity were observed after moderate ER for ten weeks. No effects were
observed on plasma anti-oxidant vitamins, except for vitamin C concentrations which
increased in the ER group. As vitamin C intake did not differ between groups (see
'experimental design' section), differences in intake cannot explain the increase in whole
blood vitamin C concentrations.

Surprisingly, there was a positive correlation between the change in the rate of
oxidative DNA damage, SOHdG excretion, and the change in whole blood vitamin C
concentrations when all subjects were considered. Since vitamin C is a free radical
scavenger, we expected a negative correlation, i.e. an increase in vitamin C level should
reduce the rate of oxidative DNA damage. The explanation, presumably, is related to an
interplay between vitamin C and other antioxidants. An additional factor could be a
changed distribution between intra- and extracellular vitamin C. Whether there is a
relationship between oxidative DNA damage and vitamin C concentration in the
habitual, or in the vitamin C supplemented state, and whether this correlation is
physiologically relevant, is presently unknown.

In the ER group the PUFA/SFA ratio (p/S ratio) appeared to be higher in the food
supplied (0.82 t 0.04 in rhe conrrol group; 0.57 x 0.03 in the ER group) than in rhe
subjects' habitual diet (0.39 t 0.09 in the control group; 0.42 ! 0.10 in the ER group).
The increase in P/s rario (0.43 t 0.12 in the control group; 0.15 t 0.10 in the ER group)
could have strengthened a potential effect since this increase was most apparent in the
control group. However, since no effects could be demonstrated the change in dietary
fatty acid profile was of no apparent importance.

Since free radicals are thought to be derived from O, during oxidative metabolism, lower
metabolic rate may partly explain the beneficial effects of ER. Although the rate of
oxidative DNA damage as evaluated by a paired t-test did not change after moderate
energy restriction, we observed that the change in RMR per kg fat-free mass (FFM)
correlated with the change in SOHdG excretion per kg FFM. Detailed analysis of this
finding will be published elsewhere.33 The subjects did not reach a new energy balance
because they were still losing weight at the end of the experimental period. It is not
certain whether RMR would still be lower after a new weight equilibrium had been
reached. It has been reported that obese subjects have a higher RMR/kg FFM34 whereas
girls suffering from anorexia nervosa have a lower RMR/kg FFM35 than normal-weight
subjects. Despite the fact that we studied lean instead of obese or anorectic subjects and
moderate energy restriction in stead of semi-starvation, on the basis of these reports it
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could be expected that RMR/kg FFM would remain lower in the ER subjects studied i

this experiment. Several explanations for not finding any changes in the indicator

measured can be suggested: 1,) since humans have a low metabolic rate they may suffe

relatively less from damage due to free radicals, therefore, they might benefit less fror

ER than species with a high metabolic rate; 2) the small ranges of the variable

measured may be the cause of not finding any correlations between variables, 3) th
period studied might have been too short. However, under controlled conditions like i
this study, 10 weeks is the longest period one can expect a subject to participate ir

4) antioxidative capacity might be rather stable in the age category used in this stud

and 5) as already mentioned, another reason for not finding changes in the indicators c

oxidative stress and antioxidative capacity might be the tissue used. Finding no effect

on a peripheral level does not exclude changes on a cellular level.

The imposed level of ER (207o of reported intake) was probably too high to be accep

able for the long term because the subjects kept losing weight and showed no tendenc

to stabilize. In this study we aimed at 2O% ER, but the real imposed ER may have bee

higher because of underreporting of habitual intake (as indicated by weight loss in tl
control group). A milder level of energy restriction would probably be more feasible bl

whether this level of ER beneficially afects the ageing process in humans remains to t
studied.

To summarize, in this study ER did not affect indicators of antioxidative capacit'

oxidative stress or genotoxicity in humans. A correlation between the change I

RMR/kg FFM and the change in urinary 8OHdG/kg FFM was found' However, sin<

subjects were not stabilized at a new energy balance no conclusions can be drawn wil

respect to the long-term effect. Not finding an effect on the variables measured in th

study does not necessarily mean that ER does not affect oxidative stress and/or tl

ageing process in humans. More studies, utilizing better markers for oxidative stress th¿

presently available, are needed before a definitive conclusion can be drawn'
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ABSTRACT

The aim of this paper is to present the background, study design and outcome of the
magnitude of experimental manipulation of a long-term multicentre study on health effects
of reduced fat products. The design of this study is a randomized semi-controlled parallel
comparison trial of six months, preceded by a one-month adaptation period, in which
healthy non-obese male and female volunteers, 19-55 yr, participated. The study was
performed by three research centres and one coordinating centre. 241 volunteers were
recruited from the general population. 220 completed the study, 117 of the reduced fat
group and L03 of the control group. The subjects consumed either reduced fat or full-fat
products, clearly labelled as such, in a freeliving situation, obtained from a realistic
supermarket at the research centre. The magnitude of the experimental manipulation was
that the reduced fat group consumed on average 46Vo less fat from the experimental
products than the control group. Consumption of the experimental products remained stable
throughout the study period in the control group and increased significantly in the reduced
fat group. It has been concluded that the setup of this study was feasible for such a
long-term semi-controlled trial, that the adherence to the experimental products was
excellent throughout the study, and that the magnitude of experimental manipulation
appeared to be what we had planned.
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INTRODUCTION

An excessive consumption of total fat and saturated fat increases the risk of coronary hear

diseases, obesity, some types of cancer, and possibly gall bladder disease.l Therefore, man

countries have advised individuals to reduce their total fat intake to between 30 to 3

percent oftotal daily energy intake and saturated fat intake at or below lOVo of total energ

intake.2'3 Results of recent food consumption surveys in Europe and North America hav

shown however that average fat intake still exceeds these recommendations.a-6 Besides, th
prevalence of overweight and obesity has remained stable or has even increased in sever¿

western countries over the past decades.t-n These data indicate that dietary recommendation

have not been successfully implemented by the consumer, in spite of the growth i
consumer awareness of health and nutritional issues over the last decades and the increas

in availability of reduced fat products, at least in North America and the northwestern par

of Europe.lo

One of the reasons for these findings seems to be that many people underestimate thej

actual fat intake.ll Other reasons might be that reduced fat products are less palatabletz c

that intake compensation for the decreased fat and energy intake occurs after consumptio

of reduced fat products. A number of studies have investigated the effectiveness of reduce

fat products to decrease total energy and fat intake using different study designs.13-27 In a

of the performed studies, irrespective of their design and duration, macronutrient specifi
compensation was negligible. If reduced fat products were offered, fat consumption did nc

specifically increase during the ad libitum food consumption periods and total daily fz

intake decreased in comparison with the consumption of high-fat products. No consensu

exists however about the effect of reduced fat products on total daily energy intake althoug

most studies found a decrease in total energy intake.13-15'18'le'2r-26

However, these studies have invariably included not very large numbers of subjecl

(minimum: n = 5r'to maximum: n = 4'lto), studied partly under laboratory conditions an

over a period of time usually no longer than 11 weeks (".g.tt).Besides, the impact c

knowledge about the nature of the experimental manipulation has not always been take

into account in the previous studies. To obtain results with a high ecological validity, thi

aspect should be taken into account because in everyday life consumers buy products th:

are overtly marketed as reduced fat alternatives of traditional products. Eating behaviou

may be differently affected when information about the fat content of a consumed produ<

is present.2s Therefore, we have executed a multicentre six-months study in which a larg

group of volunteers had free access to both reduced fat commercially available products i

the laboratory as well as to products obtained from regular shops. We here report th
magnitude of the experimental manipulation we achieved in this study under realistic, semì

controlled circumstances.

1rl4



MSFAT: Study Design

SUBJECTS AND METHODS

Subiects

The protocol of the study was approved by the Research Ethics Committees of each
participating research centre. Subjects gave their written informed consent prior to
participation. Volunteers who completed the study received a financial reward.

Volunteers were recruited amongst inhabitants of the areas where each research centre
is located. Each research centre recruited and selected their own volunteers. Eligible adult
volunteers (19-55 yr), were healthy as assessed by a medical investigation (serum
cholesterol level . 8 mmol/L) and not obese (QI 21-28 kg/mz at age 19-35 yr and eI 24-30
kglm2 at age 36-55 yr). They did not use a medically prescribed or slimming diet and had
been weight-stable for at least one month prior to the start of the study. Exclusion criteria
were intensive exercise (> 7 hrs/week), excessive alcohol intake (> 21 vs 28 units/week for
females vs males) and for females: pregnancy or lactation. These criteria were chosen
because we wanted to study the health effects of consumption of reduced fat products in
a population of healthy normal- 1o slightly over-weight people in a stable physical
condition, having no or moderate exercise habits and not drinking too heavily. We chose
different ranges of eligible Quetelet Indexes for the age groups under and over 36 years
because it has been shown that the average Quetelet Index of populations increases with
age.a Blood and urine samples were taken for analysis of clinical parameters to evaluate the
state of health of the volunteers. These parameters were also assessed at the end of the
study. Fasting body weight was assessed of the subjects in underwear and after voiding.
Body height was measured and sociodemographic characteristics and eating behaviour
characteristics were assessed by questionnaires. Eating behaviour characteristics were
assessed with a Dutch translation2e of the Three Factor Eating.3o

Half of the volunteers of each research centre had to be younger than 3ó yr and the
other half had to be 36 yr or older. This criterium was applied to obtain a comparable age
distribution among the different research centres.

241 volunteers were selected; 59 males and 61 females were assigned to the control
group and 60 males and 61 females to the reduced fat group.

Study design

The study was a multicentre parallel comparison trial of six months. 241 non-obese
volunteers received either reduced fat products (reduced fat group) or full-fat products
(control group) and the products were clearly labelled as such. Two months before the start
of the study, a one month adaptation period was executed to optimize the experimental
procedures.

Four research centres participated in this MSFAT study (N[ulticentre gtudy on FAT
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reduction). Three centres, the Agricultural University of Wageningen, the University
Limburg in Maastricht and TNO Nutrition and Food Research Institute in Zeist, ea,

selected 80 or 81 volunteers. The fourth research centre, Unilever Research Laboratoriu
in Vlaardingen, was responsible for coordination of the study and for carrying out some

the measurements.

In each test facility, volunteers were randomized over the two study groups, ensurir

an equal distribution over the groups of both sexes, eating behaviour characteristi

(restrained or unrestrained eater) and type of household (single, two-person or fami
household), as far as possible. Both groups were matched for mean age and Quetelet Inde;

Power of the stud)¡

Power calculations indicated that, taking into account a dropout rate of 207o,720 voluntee

per treatment group in this design would provide sufficient power to detect a significa
difference between the reduced fat and control group in e.g. change in fat intake

3.4 enTo. The target of the design was to obtain a reduction in fat intake in the reduced 1

group of 40 to 30-35 en%o compared to the control group.

Hypothetical calculations showed that this aim would be achieved if the reduced 1

products would provide 50% less fat compared to the full-fat products and if in the contr
group about 7O% of the total fat intake would be derived from the experimental produc

Experimental foods

Based on manufacturer's food composition data and results of sensory tests, a selection w
made of the pairs of products of fat-reduced and control products which agreed most

nutrient composition except for fat, had the best sensory similarity and were evaluated

acceptable for regular consumption during six months. Appendix I shows the pairs

products which were included in the study as experimental products and their macronutrie

composition. The experimental products were identical to commercially available foods ar

labelled as branded products. Only the cakes and cookies were not commercially availabì

but manufactured specifically for the experiment.

The macronutrient and vitamin E content, as well as the fatty acid composition of t
products werc analyzed at the end of the study in one of the research centres. Macronutrie

content and fatty acid composition were analyzed in duplicate products or in a homogeniz,

mixture of duplicate products. Fat content was assessed by direct extraction after free

drying, carbohydrate content was assessed by spectophotometry after extraction wi
perchloric acid and Antron coloring, protein content was assessed by Kjeldahl destructir

and fatty acid composition was determined by gaschromotography. Vitamin E was analyz,

by straight phase HPLC in duplicate in a selection of experimental products which we

expected to contain a high amount of vitamin E, based on food composition data.3r T
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pizzaPicante and Bellisima appeared to be the only pair of products which were classified
wrongly, due to a mistake in the food composition data. These products were available
throughout the study because the analyses were executed at the end of the study. The pairs
of reduced fat and control products differed mainly in fat content as shown in Appendix I.
The average difference in fat content was 527o.

Availability of experimental foods

A small supermarket, resembling a regular small supermarket as much as possible, was
installed at each research centre. The supermarkets were open during 6 to 7 hrs per week,
divided over three occasions and in principle subjects came once a week. If a volunteer
could not consume the experimental products during a holiday and if this lasted longer than
one week, the experimental period was extended for this particular volunteer by the duration
of the holiday. This extension was maximally one month.

Volunteers were free to take as many products as they wanted. They were also allowed
to buy foods in regular shops. In fact this was essential since a number of products (e.g.
bread, cereals, fruit, vegetables, meat, beverages) were not available.

Consumption of the experimental products was registered by a computer programme.
The products taken from the supermarket were registered with a barcode reader and during
the next visit volunteers reported how much was left in stock at home and how much had
not been consumed but thrown away. Volunteers' consumption of the experimental products
could be calculated with this information, so that the subjects did not have to register their
consumption every day.

Volunteers in the control group had to consume at least 35 g fatlday from the
experimental products. The aim was to maintain a 50Vo difference in fat intake from the
experimental products between the treatment groups. Therefore, in the reduced fat group,
volunteers had to consume at least so many reduced fat products that the hypothetical
difference in fat content between these consumed reduced fat products and the full-fat
counterparts exceeded 17.5 gfatlday. For practical reasons, the minimum amount volunteers
had to consume was independent of their energy requirements. Volunteers who failed to
meet this criterium, i.e. were actually not taking part in the experiment, were told so by the
investigator. If a volunteer did not respond and consumed less than the minimum amount
during four consecutive weeks, participation was stopped, unless good reasons were given.
This instruction may have interfered slightly with the free-living concept of the study.
However, it was considered essential to have some form of control over the intake of the
experimental products in order to successfully complete the study.

Measurement of total food intake

Total food intake was assessed before the adaptation period, after 2-4 weeks, 3 months and
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at the end of the main study period. Volunteers recorded their food intake during tv
weekdays and one weekend day, estimating quantities in household measures." Ea<

particular volunteer stuck to the same days of the week and weekend during each of tl
four measurement periods. Macronutrient and vitamin E intake were calculated using tl
Dutch food composition table3l and data of our own analyses of the experimental productr

At the time of the baseline measurement of food consumption, before the start of tl
adaptation period, volunteers were still unaware of which treatment they would receive

avoid a possible effect of this knowledge on their habitual food intake before the start

the study.

Statistical anal)'ses

Significance of differences in descriptive characteristics and fat consumption from tl

experimental products between the treatment groups, within subgroups of volunteers, w

assessed by Student's t-test for continuous variables and by Fisher Exact test for numeric

variables. Significance of differences within treatment groups, between subgroups

volunteers, was assessed by Student's t-test for the subgroups divided according to gend

and age, and Tukey's studentized range test was used to detect pairwise differences betwer

the subgroups of research centres. The interaction between treatment group and resear(

centre was assessed by analysis of variance to investigate a difference in treatment effe

on the fat consumption from experimental products between the research centre

Significance of differences between different time points in fat consumption fro

experimental products, within one treatment group and subgroup, was assessed with Tukey

studentized range test.

SAS computer software was used for all statistical calculations." All comparisons we

made at the two-sided 0.05 significance level.

Data monitoring
Standardized information material and selection procedures were used during recruitme

of the volunteers. Procedures for general measurements, e.g. haematological and uri

investigations, discussions of food consumption diaries with the volunteers, were describ

in standard operating procedures. Besides, the responsible investigators of each resear

centre attended a training session on the procedures of food consumption diaries

minimize observer bias. Blood chemistry investigations and processing of the for

consumption data were performed centrally.

The coordinating research centre visited the test facilities regularly to make sure tl
differences in study procedures were minimized. Besides, regular meetings between r

investigators were organized to discuss how the study proceeded.
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RESULTS

Volunteers

A total of 117 volunteers of the reduced fat group and 103 volunteers in the control group

completed the study according to the protocol. In the control group, four volunteers

withdrew immediately after randomization because they preferred the reduced fat group and

one volunteer because she disliked the taste of the control products. Three volunteers

withdrew because of pregnancy, nine because of changed personal circumstances (e.g.

medical reasons, removal, illness of partner) and four volunteers were asked to quit
participation because of non-compliance. These 21 volunteers who dropped out of the study,

did no differ in mean descriptive characteristics and food consumption pattern from the

volunteers who completed the study, as shown in Table 8.1.

Table Ll. Mean + SD baseline values of descriptive characteristics, socio-demograghic characteristics and
food consumption of volunteers who dropped out before the the end of the study and volunteers
who completed the study.

Dropped out the study
(n = 21)

Completed the study
(n = 220)

Treatment group Red.fat (n)
Ctrl (n)

Gender Male (n)
Female (n)

Age (yr)

Body weight (kg)

Body height (m)

Quetelet Index (kg/m'?)

Restrained Eaters (%)

Type of Household I -person (%)
2-person (o/o)

other (o/a)

Education < 12 yr (o/o)

> 12 yr (%o)

Energy intake (MJ/day)

Fat intake (en%)

Protein intake (MJ/day)

Carboh ydrate inlake (eno/a)

Alcohol intake (eno/o)

4

17

9
12

33.3 + 9

75.3 t 8.8

1.75 ! O.O7

24.6 + 1.6

4.8

9.5

28.6
61.9

41.6
52.4

11.4 t 3.0*

35.9 t 6.8*

15.2 + 2.6*

45.5 t 6.8*

3.4 + 3.9+

717

t03

111

109

35.8 + 11

75.8 + 10.3

1.74 + 0.10

24.9 + 2.1

10.9

10.9
21.4
67.7

s0.9
49.1

10.3 + 3.0

35.1 + 5.9

15.2 + 2.8

45.8 + 6.6

3.7 + 4.5

* n = 20 becausc one volunteer dropped out before the baseline measurement of food consumption.

Notc: no significant differences were found between the group of drop outs and volunteers who
complcted the study.
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Table 8.2. Mean + SD baseline values of descriptive characteristics, socio-demographic characteristics and energy and fat intake of volunteers in the
reduced-fat group and control group who completed the study, separately for males and females.

c

n

c

Males Females

Reduced fat Control Reduced f¿t Conhol
N

Age (yr)

Body weight (kg)

Body height (kg)

Quetelet Index (kg/m'z)

Restrained eaters (%)

Household 1-person (%)
2-person (7o)

orher (/o)

Education < 12 yr
>12yr

Energy intake (MJ/day)

Fat intake (enVo)

59

35.5 t 11

81.5 t 8.8

1.81 t 0.08

24.9 ! 2.3

6.8

8.5
20.3
71.2

39.0
61.0

11.8 t 3.3

34.1 ! 5.4

52

35.6 r 10

82.7 ! 9.5

1.82 r 0.06

24.9 ! 2.2
aa

9.6
26.9
63.5

40.4
59.6

11.8 ! 2.6

34.5 + 6.1

58

36.0 ! 12

68.4 ! 7.0

1.66 t 0.05

24.7 + 2.0

17.2

8.6
19.0
72.4

62.1,

37.9

8.5 + 2.1

35.4 + 5.4

51

36.0 t 11

70.6 ! 7.0

1.68 t 0.07

25.0 + 2.0

11.8

17.6
t9.6
62.8

62.8
37.2

8.9 ! 2.2

36.7 ! 6.4

Note: no significant differences were found between the treatment groups either within male or female group.



Table 8.3. Mean + SD baseline values of descriptive characteristics, socio-demographic characteristics and energy and fat intake of volunteers in the

reduced-fat group and control group who completed the study, separately for each research centre.

TNO *

Reduced fat

LUW * RL+
Reduced fatControl Reduced fat Control Control

N

Gender Male (n)
Female (n)

Age (yr)

Body weight (kg)

Body height (m)

Quetelet Index (kg/m'z)

Rest¡ained eaters (%)

Household 1-person (7o)

2-person (7o)

ofher (7a)

Education < 1,2 yr
>72yr

Energ) intake (MJ/day)

Fat intake (en%)

40

)')
l8

35.9 111
77.3 ! 1.1.9

1.75 t 0.11

25.1 ! 2.2

10.I

17.5

27.5
55.0

55.0
45.0

10.9 r 3.6

36.4 ! 5.7

36

21

15

36.0 r 10

78.7 r 10.0

1.71 ! 0.09

25.0 ! 2.4

2.8

1,9.4

22.2
58.3

52.8
47.2

10.4 ! 2.9

36.0 1 6.0

39

18

21

35.1 ! 12

75.0 I 8.3

1.73 r 0.09

24.9 ! 1.8

10.3

5.1

12.8

82.0

51.3

48.7

10.1 r 3.3

33.4 ! 4.8

32

13

19

35.6 1 11

76.4 ! 8.9

1.75 t 0.09

25.0 ! 1..8

15.6

9.4
21.9
68.8

56.2

43.8

10.7 ! 2.9

36.2 + 6.5b

38

1.9

19

36.2 ! 17

72.7 ! 70.7

1.72 I 0.08

24.5 ! 2.4

15.8

2.6
18.4
79.0

44.7
55.3

9.6 ! 2.7

34.4 ! 5.3

35

18

l7
35.8 t 10

75.0 ! 11.7

1.73 I 0.10

21.8 ! 2.2

1.1.4

1r.4
25.7
62.9

45.7

54.3

'l^0.0 ! 2.7

34.6 t 6.5

(/\
Þ
f,

v

t.
Gu

Oa

* Research centres: TNO = TNO Nutrition and Food Research Institute, Zeist, The Netherlands.
LUW = Agricultural University, Wageningen, The Netherlands.
RL = University of Limburg, Maastricht, The Netherlands.

''b Means are significantly different between treatment groups, within the subgroup of volunteers of one research institute.
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Table 8.4. Mean + SD baseline values of descriptive characteristics, socio-demographic characteristics and energy and fat intake of volunteers in the
reduced-fat group and control group who completed the study, separately for the young (age,36 yr) and older (age > 36 yr) groups of
volunteers.

c

\
o

Age < 36 yr

Reduced fat Control

Age > 36 yr

Reduced fat Control

N

Gender Male (n)
Female (n)

Age (yr)

Body weight (kg)

Body height (kg)

Quetelet Index (kg/m'z)

Restrained eaters (Vo)

Householdl -person (%)
2-person (%)
other (%)

Education < 12 yr
>72yr

Energy intake (MJiday)

Fat intake (en7o)

61

JJ
28

26.0 ! 5

72.9 ! 9.6

1.75 + 0.10

23.7 + 1.7

4.9

11.5

29.5
59.0

55.7

44.3

11.0 + 3.7

33.4 + 5.4

54

29
25

27.3 + 5

76.3 + 10.6

1.78 + 0.09

24.1 + 1.9

7.4

14.8

35.2
50.0

57.4
42.6

10.9 r 3.0

35.4 ! 5.7

56

26
30

46.4 + 5

77.3 + 1,0.6

1.72 + 0.09

26.L + 1.9

10.5

5.4
8.9

85.7

44.6

55.4

9.3 + 2.3

36.2 + 5.1

49

23
26

45.1 + 5

77.2 + 0.1

1,72 ! 0.09

25.9 + 1.9

5.7

12.2
L0.2
77.6

44.9
55.1

9.7 ! 2.5

35.8 + 7.0

Note: no significant differences were found between the treatment groups within either age group.



Table 8.5. Mean t SEM daily fat intake derived from experimental products two to four weeks, three months and six months after the start of the study
in both the reduced-fat and control group, for the entire group and separately for subgroups of the volunteers, divided according to sex, research
centre and age group.

Subgroup Group 2-4 weeks

Fat (g/day) derived from experimental products
Time after start of study

3 months 6 months

Research centre+ TNO

LUW

Entire group

Sex

Age

Male

Female

RL

<36yr

>36yr

Reduced fat
Control

Reduced fat

Control
Reduced fat
Control

Reduced fat
Control
Reduced fat

Control
Reduced fat

Control

Reduced fat

Control
Reduced fat
Control

35.1, + 2.1."

67.8 ! 3.8

39.7 * 2.9^
'79.2 + 5.8

30.3 + 3.1

56.2 ! 4.5

45.8 + 5.0'1

72.0 + 5.6

30.2 + 2.6^2

63.4 + 8.2^b

28.8 x 2.02

67.6 + 6.2

325 x 2.9'

66.1 x 4.8

37.9 + 3.2^

69.7 + 6.1^

36.0 + 7.7^

68.8 r 3.7

4L.0 + 2.4^

83.8 I 5.4

30.9 + 2.4

53.6 + 4.7

45.1 + 3.6^r

76.4 + 5.3

33.2 + 2.6^2

58.7 + 7.5u

29.3 !2.ú
70.3 + 6.3

32.8 + 2.3^

61.9 ! 4.7

39.5 + 2.6^b

'76.5 + 5.7^b

41.8 + 2.3b

72.8 ! 4.0

49.1 + 3.lb
83.9 ! 6.2

34.3 + 3.3

61..4 ! 4.5

53.8 * 5.2b1

80.0 + 5.0

39.1 + 2.8b2

7L.3 + 9.4b

31.8 + 2.72

66.6 ! 6.1

39.4 + 3.0b

62.4 + 4.7r

44.4 + 3.6b

84.7 + 6.2b2

t1'l
103

59

52

58

51

40

36

39

32

38

35

61

54

56

49 Èv\
Þ

v
.Þ
F
!\
o!

* Research centres: TNO = TNO Nutrition and Food Research Institute, Zeist, The Netherlands.
LUW = Agricultural University, Wageningen, The Netherlands.
RL = University of Limburg, Maast¡icht, The Netherlands.

'b Means in the same row with different superscripts are significantly different (P<0.05)
''2 Means at a certain time point within the treatment groups are significantly different between the subgroups with different superscripts (P < 0.05).
Note: means of the reduced-fat group are significantly different from the control group at each time point, within each subgroup (P < 0.05).
Note: means within the treatment groups a¡e significantly different between male and females at each time point (P < 0.05).
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Tables 8.2-8.4 show the descriptive and sociodemographic characteristics and the avera¡

energy and fat intake before the start of the study of the volunteers who completed tl
study as per protocol. No significant differences were found in baseline characteristi,
between the treatment groups within any of the subgroups, except for the differences in f
intake between the reduced fat and control group in the subgroup of volunteers participatir
in the Agricultural university of wageningen (respectively 33.4 envo and 36.2 ena,

P = 0.04). All values of the clinical parameters, as assessed before as well as after tl
study, were within the normal ranges. This indicates that healthy subjects were selected ar

that they were still in good health after completion of the study.

The study was extended for 38 volunteers by two to four weeks because ther

volunteers had been on holiday or had been ill for one or more weeks during tl
experimental period.

Obtained magnitude of experimental manipulation
Table 8.5 shows the consumption of experimental products, expressed as the daily amou

of fat intake from the experimental products, calculated from the data of the foc

consumption diaries. The remainder of the fat intake came from non-experimental producl

bought in regular shops.

Volunteers in the reduced fat group consumed significantly less fat from the reducr

fat products than the amount of fat volunteers in the control group consumed from the ful
fat products. In both treatment groups, at each time point, males were found to consun
significantly more experimental products than females. At each time point, volunteers in tl
reduced fat group who participated in the TNO Nutrition and Food Research Institu
consumed significantly more from the experimental products than the volunteers in tl
reduced fat group of the other two research centres. No effect was found however from tÌ
type of research centre on the outcome of the difference between the treatment groups

fat intake derived from the experimental products. Significant differences between the a¡

groups were found only in the control group, six months after the start of the stud

Volunteers in the older age group (> 36 yr) consumed significantly more from tÌ
experimental products than the younger volunteers.

The amount of fat intake from the experimental products in the entire control grot
remained stable throughout the study period and increased significantly in the reduced f
group between three and six months after the start of the study. This significant increar

was not present in all subgroups of volunteers of the reduced fat group and in some of tl
subgroups, a significant increase in fat intake from the experimental products was found -

the control group.

11R
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The magnitude of the experimental manipulation, i.e. the average difference in fat
consumption from the experimental products between the entire reduced fat and control
group, calculated over the whole study period, was 46Vo.

DISCUSSION

In this six-months, semi-controlled study, we achieved an experimental manipulation of an
average reduction of 467o of fat intake from the experimental products in the reduced fat
group compared to the control group. The consumption of experimental products did not
decrease during the time course of the experiment. These findings indicate that compliance
to the treatment was good and that the magnitude of the experimental manipulation we had
planned, i.e. 50Vo reduction in fat intake from the experimental products in the reduced fat
group, has been achieved. The volunteers consumed on average t 70 g fatlday from the
full-fat products. This would be 707o of their total daily fat intake, if total fat intake in this
group has remained the same as before the start of the study (t 100 gfatlday). Also this
contribution of the experimental products to the total diet was the size we had aimed at.

The difference we found between males and females in consumption of the
experimental products could be expected because of the difference in average energy
requirements between males and females. We also found a difference in consumption
between the young and old age groups. This difference was however not expected because
the older volunteers were found to consume less energy at baseline than the younger
volunteers' Although it was only found at the end of the study and only in the control
group, this points to a difference in compliance to the experimental products between the
age groups. The older volunteers may have felt more affected to the experiment or it may
have been more easy for them to introduce the experimental products in their diet.

A multicentre approach was chosen because of the broader range of parameters which
could be investigated with the different expertises and the geographical spread over the
country. One of the disadvantages of a multicentre approach is the possibility that between-
laboratory variation occurs in experimental procedures. Despite the strict standardization,
we did find a difference in consumption of experimental products between the research
centres. This difference can not be explained by a difference in average total energy
requirements between the subgroups of volunteers, because we did not find a difference in
baseline daily energy intake between the different research centres. The difference may
therefore be due to a difference in interaction between the investigators and the volunteers.
No interaction was found between the type of research centre and the treatment effect on
the fat intake from experimental products and thus the magnitude of the experimental
manipulation was not different between the research centres. The treatment effect on total
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daily fat intake may therefore not be affected by the type of research centre.

Average daily energy intake at baseline was comparable to what has been foul
during the Dutch food consumption survey6 in males and females of similar age grou

(22-50 yr). Average percentage of energy derived from fat in our volunteers was howev

somewhat lower than fhe 37 enTo found in the Dutch food consumption survey. During tì

baseline measurement the weather was unusually hot in The Netherlands. This may ha'

affected the dietary intake during those days. Our target was that the control group wou
consume about 40 enTo of fat and that the reduced fat group would reduce their fat intal

to on average 30-35 en%o. As our population was used to consume less fat lhan 4O en%

fat, an increase in fat intake may be found in the control group instead of a stable f
consumption, due to an increase in consumption of full-fat products. On the other han

only a small reduction in fat intake can be expected in the reduced fat group. This w
however not affect our conclusions about a possible positive effect of reduced fat produc

on energy and fat intake. Previous studies using a parallel design have also drav

conclusions about differences in treatment effects while both treatment groups showed

change in the investigated parameters.3a'3s

In conclusion, the compliance to the experimental products in this six-months sen

controlled trial did not decrease during the time course of the experiment and the magnitur

of the experimental manipulation we aimed at was achieved. We therefore believe we ha.

completed the long-term, realistic trial necessary to answer the question wheth

consumption of reduced fat products is an effective tool to decrease total fat intake and

improve human health.
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Appendix 1. Overview of experimental products and thei¡ fat content, based on own analyses.

Product name

Fat content (g/100g)

Reduced Fat Control
(% of Control)

Difference (Control - Reduced Fat)

Fat
(g/100g)

Protein
(e/1 00e)

Carbohydrate

\),

butter'(2)"

margarinet(3)

frying fata(3)

cheese spreadt(s)

cheese spread hamr(5)

fresh cheese, herbsu(ó)

Gouda cheeset@)

pate creami(8)

pate ardennerr(8)

smoked spreadable sausageT(8)

spreadable calf liver sausageT(8)

saveloYT(z)

ham sausages(8)

liver sausages(8)

mayonaisset0)
salad dressingl(')
salad, salmonr(ro)

salad, chickenr(rl)
salad, mealr(11)

salad, eggT(rr)

salad, potatoT(rr)

mousse, chocolateT(l2)

mousse, vanillaT(12)

quark dessert, strawberryT(r3)
quark dessert, cherryT(1:)

quark dessert, bilberryT(13)

quark dessert, peachT

pasta dishr4(15)

fish dish16(17)

40.0
27.6 (le.e)
60.3

8.7
9.1

16.4

18.3

16.6

r 8.0
26.9
20.3
27.6
23.6
16.8
20.6
11.1

1,4.4

13.4

13.5

9.7
4.8
3.2
1.6

0.3
0.6
0.4
0.3
2.9
2.7

82.7
79.2
96.8
21.0
20.7
42.3
31.3
34.5
27.6
50.5
27.3
29.8
30.1

29.5
80.8
25.9
20.4
22.2
27.8
22.3
20.8
12.0 (13.0)"
6.7
3.7
6.0
6.0

nao

5.5
8.3

51 .6

65.2 (74.e)^
37.7
58.6
56.0
61.2
41.5

s1.9
34.8
46.7

25.6

21.6
43.1,

74.5
57.1
29.4
39.6
51.4

56.5
76.9
73.3 (75.4)
76.1
91.9
90.0
93.3

47.3
67.5

-3.3 (-3.s)'.
0.2

-2.3
-2.3
-3.0
-5.3

-1.7

-1.8
-6.4
-6.0
-1.5
-3.2
-0.4
0.7

-0.0
-0.8
-t.2
0.2
0.5

-0.2
0.3 (0.7)"

-1.6

-1..9

-1.6
-1.9

0.8
-3.6 (-5.7)
0.1

-5.4
-2.5
-0.0
-0.8
-2.0
-0.0
0.2
2.8
0.1

0.2
-0.4
-8.2
0.7
-0.4
-0.5
-4.8
-7.6
-0.i
10.1 (11.5)"
9.7
6.3
7.0
5.5

-1,.7

-0.7
-3.1

0.6

È
v\

v
sk
l\

4
Oe
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Appendix I. (Continued)

Fat content (gi100g) Difference (Control - Reduced Fat)

Product name Reduced Fat Control
(% of Control)

Fat
(g/t00g)

Protein
(g/100g)

Carbohydrate

f

\
!
(

chinese dishrs(tsi

rice dish, chicken (beef;2otztl

rice dish, Hawaii (Goulash)22(23)

Potato dish21(25)

pizza Grandiosa (Venetiane)2¿'i2ó)

pizza Belle Napoli (Salami)26{2ó)

pizza P icante (Bel lissima)26(2ó)

fish fingers2ót2ó)

hamburgelT(27)

saucisset(t)

smoked sausager(8)

skinless Sâusagg27(22)

croquette2T(27)

cake"('n)
cookies28(28)

0.9
1.1

3.7
3.2

10.1

6.4
17.0

1.1

9.3
16.4

19.8

9.3
4.8

10.0

1 1.8

4.2
4.2
5.4
6.1

14.0
18.2

12.4

6.8
12.3

27.6
29.2
16.5

12.6

27.0
18.8

'78.6

73.8
31.5
47.5
27.9
64.8

-37.1

83.8
24.4
40.6

32.2
43.6

61.9
63.0
37.2

3.2
1.1

L.9

2.5
6.5
't.9

-0.2
-0.3
-1..2

-1.8
3.0

-3.3

-t.7
0.1
1.2

8.8
-3.2
- 1.1

-1.3
-0.0
1.1

-2.5
-1.7
-1.5
4.5
0.7
0.6

-4.r
-7.4
-8.5

Mean difference (g/100g) 10.9 -0.9 -0.5

" Product was relaunched during experimental period. Value befween 0 is for relaunched version
b No control product available
" 0 is control product

'Linera, Van den Bergh Food, Rotterdam; 2Albert Heijn BY,Zaandam; rVan den Bergh Food, Rotterdam; oEffi, Union NV Unilever Belgium, Antwerpen;
sEru, Woerden; t'Boursin, Pacy-Sur-Eure, Normandie; 7Du Darfst, Union Deutsche Lebensmittelwerke GMBH, Hamburg; tunilever Vleesgroep Nederland
BV, Oss; eCalvé Nederland BV, Delft; 'oJohma Nederland BV, Losser; "Homann, Dissen; l2Chambourcy, S.A. Nestlé Belgium NV, Brussel; t3Danone,

Gervais; ra25:lglo-Ola BV, Utrecht; 'nOptions Plus Macaroni Napolitana;'5lglo Eenpans Menu;Spaghetti Bolognese; l6Options Plus Provencaalse
Visschotel; 'tlglo Eenpans Menu Paella; ''Options Plus Varkensvlees Zoetzuur; ''Iglo Diner Babi Ketjap Speciaal; toOptions Plus Cantonese Kip; 21lglo

Diner Hongaarse Rundvleesschotel; 22Options Plus Kip Hawaï; 23lglo Diner Goulash Erwtjes Rijst; 'zalglo Diner Jachtschotel Rode Kool; 2slglo Eenpans
Menu Franse Rundvlees Schotel; "'lglo-Ola BV, Utrecht; 27Mora BV, Maastricht; ttunilever Research Laboratorium, Vlaardingen.
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ABSTRACT

A high fat intake has been associated with the high prevalence of coronary heart disease
(CHD) in most western countries. Consumption of reduced fat products might reduce the
fat intake and beneficially affect markers of CHD risk. Therefore, the effects of 6
months realistic consumption of reduced fat products on energy and fat intake,
concentrations of Factor VII, PAI-1 antigen and fibrinogen as well as tPA activity was
investigated. In addition, an oral glucose tolerance test was performed to study the
effects on insulin sensitivity, in relation to haemostatic factors. Participants (n = 76)
were healthy, non-obese men and women. The reduced fat group (n = ¿o) showed a
significantly lower energy intake as well as a lower percentage energy derived from fat
than the control group (n = 36), who received the full fat equivalents. However, this did
not result in differences in the haemostatic parameters measured, or in altered insulin
sensitivity. It has been concluded that consumption of reduced fat products does not
decrease, nor increase, the cHD risk through improvement of the risk markers
Factor VII, fibrinogen, PAI-1 antigen, tPA activity and insulin sensitivity in healthy
non-obese subjects.
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INTRODUCTION

A high fat consumption, especially when rich in saturated fat, has, besides smokin¡
been targeted as an important enemy of good health. The high prevalence of coronar
heart disease (CHD) in most western countries has been associated with a high fr
intake, i.e. it is often higher than the recommended 3O-357o of total energy intake. I
recent prospective epidemiological studies, various haemostatic risk indicators for CHI
have been identified. In the Northwick Park Heart Study both elevations of fibrinoge
and of Factor VIIc were risk indicators.l Fibrinogen has been been established now as

prominent risk indicator in several other prospective studies.2-e Factor VIIc obtained les

support in prospective studies: Another prospective study could not confirm the finding
in the The Nortwick Park Heart Study.s In several cross-sectional studies, however, posl

myocardial infarction patients had significantly elevated levels of Factor VII compare
to controls.10-12 Also, recently the blood fibrinolytic activity,13,1a determined mainly b
tissue-type plasminogen activator (t-PA) and its inhibitor (PAI-1), has been recognize

as risk indicators.15 Specific studies showed a prospective value of elevate

PAl-activity,16 reduced t-PA activityl7,r8 un¿ elevated t-PA antigen.s,te-zz 51u¿i"s of Juha

Vague" indicated that elevation of PAI-1 and reduction of blood fibrinolytic activity ar

related to insulin resistance. Potter van Loon et al.2a atribute this abnormality to a clos
relation to insulin resistance.

The growing public concern about the adverse effects of a high fat intake has le
to an increased availability of 'reduced-fat' products. Consumption of reduced-f¿

products might be a convenient way to reduce the fat intake and might consequentl

reduce the CHD risk.

The present study was performed in order to investigate whether a realisti

consumption of reduced-fat products can alter dietary fat intake as well as markers c

cardiovascular risk, including fibrinolytic factors and insulin sensitivity.
In this paper we present the effects of 6-month consumption of reduced-f¿

products on energy and fat intake, PAI-1 antigen, tPA activity, fibrinogen and Factor Vì
concentration in 76 healthy non-obese subjects. Moreover, an oral glucose tolerance tes

was performed to assess the effects of reduced fat products on insulin sensitivity, i
relation to haemostatic factors. The reduced-fat products were provided through

realistic shop in order to mimic a 'free living' situation.
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SUBJECTS AND METHODS

Subjects

Eighty apparently healthy subjects (40 men, 40 women) started as a participant in the
study. They were selected from responders to advertisements in regional newspapers.
Subjects were aged between 2o and 55 yr. Those aged between 20 and 35 yr had a body
mass index (BMI) between 20 and zB kglflp, and those aged between 35 and 55 yr had
a BMI between 24 and 30 kg/m2. All subjects were medically screened by a physician.
Routine clinical chemistry, blood pressure and lipid profile had to be within normal
ranges. Exclusion criteria were: following a medically prescribed diet or slimming diet;
being pregnant or wishing to become pregnant during the experiment; weight loss or
gain > 2 kglmonth 1 month before prestudy examination; and sporting activities of more
than 7 hrs/week. Subjects were randomly assigned to either the reduced-fat group or the
control group which received the full-fat equivalents. The groups were stratified
according to gender, age, BMI, eating behaviour characteristics and type of household.
Four females from the control group withdrew from the study because one disliked the
taste of the products, one got pregnant, and two because of changed personal
circumstances, so that 36 subjects in the control group and 40 in the reduced-fat group
finished the study. The study protocol was approved by the Institute's Medical Ethical
Committee and the participants signed an informed consent form.

Study design

The study was part of a multicentre study, the MSFAT-study, on the long-term health
effects of realistic consumption of reduced-fat products in healthy non-obese volunteers.
The design was a randomized 6 month parallel comparison trial which has been
described extensively elsewhere (Chapter 8).25 In short, four Dutch research centres
participated in the study. One centre was responsible for coordination of the study, the
other three centres selected each about 80 volunteers. A realistic shop was installed in
these three centres. Two months before the start of the study, an one month adaptation
period was executed to optimize the experimental procedures and to get the volunteers
used to these procedures. Volunteers were free to take as many of the reduced fat
products or their full fat equivalents (e.g. spreads, dressings, frozen meals, cheeses, meat
products, non-dairy creams, biscuits, snacks etc.) as they wanted. They were also free to
buy non-experimental products such as bread and vegetables in regular shops. In the
three centres food intake was assessed before the adaptation period, after 2 weeks, 3
months and at the end of the study by 3-day food consumption diaries, estimating
quantities in household measures. Body weight was assessed before, after two months,
four months and at the end of the study. Next to the general measurements research
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centre-specific measurements were performed. In the subjects participating at

Institute fibrinolytic factors were measured and an oral glucose tolerance test

performed before and at the end of the study.

Compliance

Consumption of the experimental products was monitored using a computer programmr

Products taken from the research shop were registered by means of a barcode reade

During the next visit, volunteers reported how much was left in stock at home and ho'

much was not consumed but thrown away. It appeared from the data of the foo

consumption diaries that in the reduced-fat group on average 37 glday of fat intake w¿

derived from the experimental products, for the control group this was 70 g/day. Th

mean daily fat intake from the experimental products remained stable during the stud

period. The remainder of their fat intake came from non-experimental products bought i
regular shops.

Procedures

Body weight: The subjects were weighed in underwear after an overnight fast four time

during the study (ED-60-T; Berkel, Ridderkerk, The Netherlands). From body weigl
and height body mass index (BMI; kgl^t) was calculated.

Before and at the end of the study blood samples were drawn after an overnigl
fast for the analysis of indicators of the haemostatic system. For the analysis r

haemostatic factors blood was taken into ice-chilled tubes from the intermedian cubiti

vein by a venoject system. After centrifugation for 10 min at 1700 g and 4oC the plasm

was collected, snap frozen and stored at -80'C until analysis.

PAI-I antigen.' To measure PAI-1 antigen blood was collected in CTAD buffer (0.11 ¡
citrafe, 15 nM theophylline,3.J mM adenosine and 0.198 mM dipyridamole; Becto

Dickinson, Meylon, France). PAI-1 antigen was measured by means of an enzym

linked immunosorbent assay (ELISA) (Coalize@ PAl-1/Innotest PAI-1, Chromogeni

AB, Möndal, Sweden).26

tPA activity: For measuring tPA activity blood was collected in Stabilyte tubes (Biopoo

Umeå, Sweden). tPA activity was measured with a bio-immunoassay for t-PA (Coatest(

BIA t-PA, Chromogenix"¡. tPA antigen was measured with the Imulyse t-PArM metho

(Biopool).

Fibrinogen: Fibrinogen was measured with a clotting rate method.28

Factor VII: Factor VIi was measured with a chromogenic method (Chromogenix AB).
At the end of the run-in period and at the end of the experiment blood sample

were also drawn for the measurement of fasting glucose and insulin concentrationr

Thereafter, an oral glucose tolerance test (OGTT) was performed: subjects drank 75

1)e

ot

w¿
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glucose in 250 ml water within 15 minutes. Then, at 4 moments after the glucose load
(30, 60 90 and 120 min) another blood sample was drawn for the analysis of glucose
and insulin concentrations. Fasting (t = 0) glucose and insulin concentrations, as well as
the area under the curves (AUC), calculated by the trapezoidal rule and using t = 0 as
the baseline value, were used as parameters in the analysis.
Plasma glucose concentratio,?s were analysed with a commercially available kit
(Boehringer Mannheim Diagnostica; Hitachi 911, Japan).
Plasma insulin concentrqtiotx.t were analysed with a commercial radioassay (pharmacia)
according to the kit protocol.

Statistics

BMDP statistical software was used for all statistical analyses.
Food intake & body weight:
The changes in energy and fat intake (as compared to baseline values), as well as
changes in body weight and body mass index, that occurred during the intervention
period were analysed with analysis of variance (ANovA). This type of analysis is
appropriate in detecting differences between groups, time effects and interactions.
Students t-test was used to detect differences between groups at a certain moment in the
study.

Høemostatic parameters & OGTT:
Since these parJmeters showed a non-normal group distribution the nonparametric
Mann-whitney u test for paired or unpaired data, as appropriate, was used.
B aseline correlations :
Pearsons correlations analysis was used to detect significant relationships between the
parameters analysed.

Some gender differences were apparent at baseline: energy intake was higher in man
than in women (P < 0.001); pAI-1 antigen levels were higher in man than in women
(P = 0.045) and tPA activity and fibrinogen concentration were higher in women than in
men (P = 0.018 and P < 0.001 respectively). However, no difference in intervention
effects between men and women were observed. Therefore, data of the group as a whole
are presented.

All values in the tables are expressed as mean + SD. Probabilities of difference less
than 0.05 were regarded as statistically significant.
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Table 9.1. Body weight and body mass index (BMI) at baseline and the change (À as compared to baseline) during the MSFAT-study. (Ctrl n = 36;
Reduced-fat n = 40). Data are shown as F + sd.

(

a

Group baseline Aat2months Aat4months Àat6months Pgroup Ptime Pinteract

weight (kg) ctrl 78.5 ! 9.4 0.66 ! 1..49 0.56 1 1.84 0.46 x 2.t8
Reduced fat 77.3 ! 72.0 0.24 + l.l8 0.06 + I.15 -0.08 t 2.36 0.1217 0.2974 0.8075

BMI (kg/m') Ctrl 24.9 ! 2.3 0.20 f 0.48 0.18 t 0.60 0.15 ! 0.72

Reduced fat 25.1, + 2.2 0.07 I 0.40 0.02 t 0.59 -0.04 t 0.80 0.1171, 0.3000 0.6961

Changes are analysed using ANOVA with repeated measures.



Table 9'2' Food intake at baseline and the change (Â as compared to baseline) during the MSFAT-study (ctrl n = 36; Reduced-fat n = 40). Data areshownasi-+sd.

Group Â at 2 weeks
^ 

at 3 months
^ 

at 6 months P group P time P interact

MJ

Fat (enVo)

SFA (en7o)

MUFA (enVo)

PUFA (en%)

P/S ratio

Ctrl

Reduced fat

Ctrl

1.64 t 3.06

-0.09 + 2.74*

6.68 t 6.09

-3.J'l + 7.46*+x

4.21, ! 3.63

-0.J$ + 3.59**x

1,.13 ! 2.61

-2.00 + 3.51**+

0.85 ! 2.66

-0;l$ + 2.22**

-0.05 I 0.19

-0.05 t 0.17

1.87 ! 2.64

0)'l + 2.64**

6.70 ! 6.77

-1.64 + 6.50**1

3.79 ! 3.79

-0.17 + 3.65*x*

1.36 I 3.01

-7.21 + 2.62**+

0.67 ! 2.18

-0.71, ! 2.11

-0.06 t 0.17

0.00 I 0.20

clrt 10.38 r 2.88 .t.t3 !2.65
Reducecl fat 10.89 ! 3.57 0.20 ! 2.59

Ctrl 35.95 r 6.03 4.61 !7.39
Reduced fat 36.38 ! 5.72 -l.g'l + 6.93*x*

Ctrl 1.4.36 ! 2.97 2.62 ! 4.34

Reduced fat 14.52 ! 3.32 -0)Ç + 3.66**

0.0115

0.0000

0.0000

0.0000

0.0056

0.9926

0.1308

0.0074

0.1324

0.9599

0.0194

0.1780

0.2L44

0.3597

0.0847

0.2693

0.1001

0.0075

13.29 ! 2.61 1.02 ! 2.72

13'62 ! 2'39 -0.ÇQ + 2.79**

6.13 t 1.90 0.50 r 2.65

Reduced fat 6.33 ! 1.97 -1.Qf + 1.99+*

Ctrl 0.44 ! 0.14 -0.03 t 0.21

Reduced fat 0.46 I 0.18 -0.08 1 0.18

(\

ô(\

Þ

ci

$̂

kb

+;
(\

oø
s43'

Changes are analysed using ANOVA with repeated measu¡ements.
* P < 0.05; ** P < 0.01; t** P < 0.001 as compared with the control group.
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RESULTS

The results on body weight and BMI for the 76 subjects participating at our Institute a

summarized in Table 9.L. Although body weight and BMI seemed to increase slightly

the control group repeated measures ANOVA did not reveal any significant time or dj

effects in body weight or BMI.
Data on baseline energy and fat intake as well as the change during t

intervention period, as assessed by means of 3-day dietary records, are summarized

'lable 9.2. Repeated measures ANOVA revealed a significantly stronger increase

energy intake in the control group as compared to the reduced-fat group. Enerl

percentage derived from dietary fat was significantly reduced in the reduced-fat group

compared to the control group. Repeated measures ANOVA also showed significa

effects on fatty acid intake: percentage energy derived from saturated fatty acid (SFl

mono-unsaturated fatty acids (MUFA) as well as polyunsaturated fatty acids (PUF,

intake was significantly reduced in the reduced-fat group as compared to the contr

group. However, the change in PUFA intake in the reduced-fat group was no lonp

different from that in the control group at the end (after 6 months) of the stuc

Although a significant interaction was found in the ratio PUFA/SFA intake (PS-ratio),

difference in average changes between the groups was observed.

There appeared to be a large variation in the haemostatic parameters. No significr

effects on these parameters, PAI-1 antigen, tPA activity, Fibrinogen and Factor V

were observed (Table 9.3). Results from the oral glucose tolerance test are presented

Table 9.4. No differences in fasting glucose and insulin levels as well as in the ar

under the curves of glucose and insulin were observed (see also Figure 9.1).

At baseline, PAI-1 antigen was inversely related with tPA activity (r = {).5!
P < 0.001-), and positively with fasting glucose concentration (r = 0.384; P < 0.0C

(Figure 9.2a). Closer examination of this relationship revealed that two outliers appear

in this plot. However, correlation analysis without these outliers showed an ev

stronger relationship between PAI-1 antigen and fasting glucose concentrati

(r = 0.483; P < 0.001). PAi-1 antigen also correlated with the AUC of insu

(r = 0.323; P = 0.005). tPA activity inversely correlated with baseline glucc

concentrations (r = 4.267; P = 0.019) (Figure 9.2b). Fibrinogen concentration correlal

with the AUC of glucose (r = 0.236; P = 0.040) (Figure 9.2c). Factor VII concentrati

was significantly related with fasting insulin levels (r = 0.321; P = 0.005) (Figure 9.2

with the AUC of insulin (r = 0.245; P = 0.037), and nearly significantly related with I

AUC of glucose (r = 0.218; P = 0.058). The AUC of glucose correlated with that

insulin (r = 0.477; P < 0.001).
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Figure9.l' Glucose (top) and insulin (bottom) concentrations during the oral glucose tolerance
(OGTT) at baseline and at the end of 6 months consumption of reduced fat products.
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Table 9.3. Fibrinolytic factors at baseline and the change (Â) after six months of consumption of eithl
reduced fat products or their full fat equivalents (control). Data are shown as x + sd.

Control group

baseline 
^

Reduced fat group

baseline 
^

P

ÄCtrl vs.

ARed.fat

PAI-1 antigen (nglml)

tPA activity (mlU/ml)

Fibrinogen (g/l)

Factor Yll (7o)

58.L ! 42.2

289 ! 145

2.90 t 0.50

99+29

8.1 + 39.7 62.0 x 59.9

L + L69 272 ! L40

0.16 + 0.52 2.83 t 0.63

2+L4 L75!2r

-L.9 + 37.8

57 + L92

0.20 a 0.51

-3+16

NS

NS

NS

NS

Table 9.4. Results from the oral glucose tolerance test at baseline and the change (À) after six months ,

consumption of either reduced fat products or their full fat equivalents (control). Data a

shownasx_+sd.

Control group

baseline 
^

Reduced-fat group

baseline 
^

P

ACt¡l vs.

ARed.fal

Glucose(mM)t=0
Insulin(mM)t=0
AUC Glucose

AIIC Insulin

5.02 t 0.44 0.35 + 0.31 5.10 + 0.53 0.27 ! 0.33

6.34 + 1.83 0.62 + 1..95 7.I9 + 1.69 0.49 + 2.27

133 + 140 -15 t 118 752 + t31 -1.4 + 123

2689 + 1.444 300 + 1143 3490 + 2505 167 + 17OO

NS

NS

NS

NS

Furthermore, BMI was significantly related with PAI-1 antigen (r = 0.496; P < 0.001

tPA activity (r = --0.459; P < 0.001), fasting glucose concentration (r = 0.41.

P < 0.001), the AUC of glucose (r = 0.326; P = 0.004) and the AUC of insul

(r = 0.281; P = 0.016). Partial correlation analysis after removing the linear effe

between BMI and AUC of insulin revealed that the correlation between BMI and PAI-

antigen, tPA activity as well as fasting glucose level were still significant (r = 0.45;

P < 0.001; r = -0.408, P < 0.001; r = 0.390, P < 0.001 respectively).

The age of the subjects correlated with baseline PAI-1 antigen concentratic

(r = 0.353; P = 0.002), with fasting glucose concentration (r = 0.360; P = 0.001) ar

with the AUC of insulin (r = 0.247; P = 0.035). After removing linear effects betwer

age and AUC of insulin, the relationships between age and PAI-I, antigen as well ¡

fasting glucose concentration were still significant (r = 0.280, P = 0.014; r = 032
P = 0.005 respectively).

12,4
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DISCUSSION

The aim of the present study was to investigate whether realistic consumption of
reduced-fat products beneficially affects indicators of the haemostatic system. Moreover,
the effects on glucose tolerance and its relationship with indicators of the haemostatic
system has been studied. Previously, we reported that restriction of the energy intake,
while keeping relative contributions of the macronutrients constant, beneficially affects
fibrinolytic parameters in non-obese men, especially in those with a high pAI activity.
These effects were related to the decrease in BMI.2e However, it is hard to differentiate
whether these effects on fibrinolytic factors are the consequence of the reduction in the
total amount of dietary fat or to the weight loss. It has been reported that a moderate
reduction in dietary fat did not influence blood coagulation and fibrinolysis.3o However,
diet might be involved in the haemostatic system since results from intervention studies,
reported by Marckmann, showed that a 2_week low_fatlhigh_fibre diet lowered
Factor VII caogulant activity and raised plasma fibrinolytic activity.3l In addition,
consumption of a low-fat/high-fibre diet (267o of energy derived from fat, 5g7o of
energy derived from carbohydrates; p/S-ratio =0.77) for g months elevates tpA activity
as well as the systemic fibrinolytic activity of the euglobulin fraction of plasma. Both
effects were already apparent after 60 days.32 These studies suggest that macronutrient
composition plays a role in fibrinolytic activity. However, Marckmann,s intervention
studies were performed under dietary controlled conditions, using a diet which seems not
to be realistic under 'free living' conditions.

The present study showed that consumption of reduced fat products under realistic
conditions resulted in a significantly lower energy intake as well as in a lower
contribution of fat to energy intake when compared to consumption of their full-fat
equivalents' However, in the present study no effect of diet on selected fibrinolytic
parameters could be detected in healthy non-obese subjects. This result does not exclude
that indicators of haemostatic system are not affected by consumption of reduced fat
products in subjects with higher risk for cHD either. The observed beneficial effects in
Marckmann's long-term study cannot be explained by weight reduction, since body
weight at the end of the study did not differ from initial values, after a drop of 1.4 kg on
average midway in the study.33 Therefore, it seems that, if macronutrient composition
plays a role in the haemostatic system, a more complex and relatively large dietary
change, as implemented by Marckmann, has to be realised in order to affect
haemostasis.



Lnaprcr v

a
a

a
a

aa
t¡

a

I
a

a

a

aat

o
E
É

oø
oo
á
bo
ào
Ê

ø
qtr

7.m

9 c.¡o
¡l
Éü 6.00
o
ø,

$ r.so
u
ào t,(x)
ào
É
5 .,50o
çt
f¡r a.m

50 100 150 '00 2so 3oo

PAI-l antigen (ngiml)

l'.'" rr

i';, T-¡.a
100 200 300 400 5oo

t-PA activity (mlU/nl)

4.50

ó.00 L
0

oøO 300
o,'rò 200

o
) 'r00

a

'¡ o.
a ta 

a

. . ttl'
a.tl

2g

Fibrinogen (g/l)

Figure 9.2. Baseline relationships between haemostatic factors and parameters of the oral glucor
tolerance test.

a) (upper left): PAI-1 antigen versus fasting glucose concentration (r = 0.384; P < 0.001)
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Apart from total fat consumption the composition of dietary fatty acids might also affect
the haemostatic system. However, reports on this relationship are conflicting as both an
increase in PAI activity has been reported after 4 months of fish consumption,3a as well
as a decrease in PAI activity after fish oil supplementation.3s Also, no effect on
haemostatic factors after n-3 PUFA supplementation has been reported.36 Recently, it has
been reported that the effect of n-3 fatty acids on platelet and vascular function is
modulated by the content of saturated fatty acids in the diet.37 In the present study
percentage energy derived from total PUFA's was ca. 1,.5 enTo lower in the reduced-fat
group when compared to the control group, which was statistically significant. No effect
of this relatively small change in PUFA intake on haemostatic parameters was observed.
In addition, no significant relationship could be demonstrated between fatty acid intake
(PUFA, SFA, PUFA/SFA ratio) and the haemostatic pafameters measured.
Unfortunately, our data do not allow further distinguishment between the various
PUFA's.

In agreement with previous reports we found a significant correlation between BMI
and several parameters of haemostasis and OGTT. Others have reported a significant
positive relationship between PAI-1 antigen concentration and fasting insulin levels in
subjects with a wide range of BMI,38 and in a group including diabetic and obese
subjects.3e We did not observe such a relationship in the present study. However, a
significant relationship between the AUC of insulin and PAI-1 antigen concentration was
observed, confirming a relationship between fibrinolysis and insulin sensitivity in
healthy, non-obese subjects. The relationship between BMI and pAI-1 antigen
concentration and tPA activity was still significant after correction for the AUC of
insulin, suggesting an independent relationship between BMI and fibrinolysis.

Since both the age of the subjects as well as the BMI was positively related to
PAI-1 antigen concentration and AUC of insulin, it could be suggested that older
subjects with a higher BMI could benefit more from consumption of reduced fat
products than the younger and leaner subjects. However, after dividing the reduced-fat
group in two age categories, no differences in changes in haemostatic parameters after 6
months was observed. Nor was there any statistically significant difference between
different BMI subgroups, or between combinations of age and BMI subgroups.

In conclusion, realistic consumption of reduced-fat products leads to a significantly
lower energy intake and as well as to lower percentage of energy derived from dietary
fat as compared to consumption of full-fat equivalents. However, this did not result in a
change in the CHD risk markers PAI-1 antigen, tPA activity, fibrinogen concentration,
Factor VII concentration and insulin sensitivity. However, since this study is performed
in healthy non-obese subjects it does not exclude that consumption of reduced fat
products does not affect haemostatic parameters in subjects with a higher risk for CHD.
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ABSTRACT

It is widely held that energy restriction (ER) retards the ageing process. The beneficial
effects of ER has repeatedly been demonstrated in laboratory rodents, but ER might also
be effective in humans since ageing seems to be a universal phenomenon in all living
organisms. Reduced oxidative stress, induced by the maintenance or improvement of the
antioxidant/prooxidant balance, has been mentioned as a potential mechanism through
which ER might affect the ageing process in rodents. Oxidative stress can also be
affected by the total dietary fat intake as well as fatty acid composition. In this paper we
present the effects of 6-month consumption of reduced-fat products on body weight,
energy and fat intake, concentration of the plasma lipidperoxidation product
malondialdehyde (MDA), erythrocyte free radical scavenging enzymes activities
(glutathione peroxidase activity, GSH-Px; superoxide dismutase, SOD; and catalase) as
well as plasma fat-soluble antioxidative vitamin concentrations (B-carotene, lycopene and
o,-tocopherol). The reduced-fat products were provided through a realistic shop in order
to mimic a 'free living' situation. Healthy, normal weight (BMI: range 20-30 kg/m2)
subjects (n = 76), aged between 20-5-5 yr, participated in this study. During the
intervention period, consumption of reduced fat products resulted in significantly iower
energy intake, in a lower percentage of energy derived from saturated fatty acids,
monounsaturated fatty acids and polyunsaturated fatty acids as well as in lower
vitamin E, intake, when compared to the control group. Body weight, the ratio
polyunsaturated fatty acids/saturated fatty acids, plasma MDA and vitamin
concentrations (p-carotene, lycopene and o-tocopherol), and erythrocyte free radical
scavenging enzyme activities (SOD, GSH-Px and catalase) were not affected by the
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intervention. It is concluded that neither the difference in energy intake, nor the chang

in dietary fat composition seems to affect the integrity of the antioxidant scavengin
capacity, assessed by measuring plasma MDA and antioxidative vitamins (lycopen,
p-carotene and a-tocopherol) and erythrocyte free radical scavenging enzymes (SOI

GSH-Px and catalase).

INTRODUCTION

It is widely held that energy restriction (ER) retards the ageing process.t Th
'life-extension effect' has repeatedly been demonstrated in various rat and mou¡

strains.l The beneficial effects of ER has been extensively studied and evaluated i

laboratory rodents, but ER might in principle also be effective in humans since agein

seems to be a universal phenomenon in all living organisms. A potential mechanist

through which ER might affect the ageing process in rodents is the maintenance r

improvement of the antioxidant/prooxidant balance, leading to reduced oxidative stress.:

It is difficult, if not impossible, to mimic the life-long animal studies in huma

volunteers, and to extrapolate the results of ER observed in animals to man. Howeve
one of the strategies to evaluate whether similar effects of ER could be achieved i

humans is to test whether a certain physiological system, related to the ageing process i

an animal model, is also affected by ER in humans. For example, one could test whetht

the effects of ER on maintenance or improving the antioxidantþrooxidant balance, i.,

reduction of oxidative damage, as observed in ageing rodents, could also t
demonstrated in humans.

Apart from conceptual and/or mechanistic considerations implementation of a

ER-diet, tenable for longer periods and under 'free living conditions', seems to be

prerequisite before studying potential health- and age-retardation effects in humans.

Since dietary fat provides the most concentrated source of energy, decreasing tl
amount of dietary fat intake may be an option to reduce the energy intake. Dietary fr

intake is higher than recom¡nended in most western countries and is associated with tt
prevalence of cardiovascular diseases, obesity and cancer. The growing public concer

about the adverse effectslof a high fat intake has led to an increased availability r

'reduced-fat' products. Consumption of reduced-fat products might be a convenient wa

to reduce the energy intake.

Besides the potential of reduced energy intake changes in dietary fat intak,

qualitative and quantitative, might also affect oxidative stress, i.e. tt
antioxidant/prooxidant ratio. Polyunsaturated fatty acids (PUFA's) contain two or mor

double bonds within their structure which makes them more susceptible to oxidatir

1L)
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damage by free radical attack. A secondary effect of reduced fat intake might be a
reduced intake and/or absorption of fat-soluble antioxidative vitamins. In this regard, the
total antioxidative capacity in the cell, determined by antioxidative vitamins and free
radical scavenging enzymes, should be considered.

The present study was performed in order to investigate the potential of reduced-fat
products to reduce the energy intake. The reduced-fat products were provided through a

realistic shop in order to mimic a 'free living' situation. Also, it was investigated
whether consumption of reduced-fat products alters dietary fat intake or fatty acid
composition. Since both energy restriction as well as dietary fat intake might affect the
antioxidative capacity, parameters that could affect the antioxidant/prooxidant balance
were measured.

In this paper we present the effects of 6-month consumption of reduced-fat
products on body weight, energy and fat intake, concentration of plasma lipid
peroxidation product malondialdehyde (MDA), erythrocyte free radical scavenging
enzymes activities (glutathione peroxidase activity, GSH-Px; superoxide dismutase,
SOD; and catalase) as well as plasma fat-soluble antioxidative vitamin concentrations
(p-carotene, lycopene and a-tocopherol). Furthermore, correlations between (changes in)
fat intake and (changes in) parameters of the antioxidant/prooxidant balance, as well as

between these various parameters were calculated.

SUBJECTS AND METHODS

Subjects

Eighty apparently healthy subjects (40 men, 40 women) started as a participant in the
study. They were selected from responders to advertisements in regional newspapers.
Subjects were aged between 20 and 55 yr. Those aged between 20 and 35 yr had a body
mass index (BMI) between 20 and 28 kg/m2, and those aged between 35 and 55 yr had
a BMI between 24 and 30 kglmz. All subjects were medically screened by a physician.
Routine clinical chemistry, blood pressure and lipid profile had to be within normal
ranges. Exclusion criteria were: following a medically prescribed diet or slimming diet;
being pregnant or wishing to become pregnant during the experiment; weight loss or
gain > 2 kglmonth 1 month before prestudy examination; and sporting activities of more
than 7 hrs/week. Subjects were randomly assigned to either the reduced-fat group or the
control group which received the full-fat equivalents. The groups were stratified
according to sex, age, BMI, eating behaviour characteristics and type of household. Four
females from the control group withdrew from the study because one disliked the taste
of the products, one got pregnant, and two because of changed personal circumstances,

1A?



so that 36 subjects in the control group and 40 in the reduced-fat group finished tl
study.

The study protocol was approved by the Institute's Medical Ethical Committee an

the participants signed an informed consent form.

Study design

The study was part of a multicentre study, the MSFAT-study, on the long-term healt

effects of realistic consumption of reduced-fat products in healthy non-obese volunteer

The design was a randomized 6 month parallel comparison trial which has bee

described extensively elsewhere (Chapter 8).5 In short, four Dutch research centrt

participated in the study. One centre was responsible for coordination of the study, tl
other three centres selected each about 80 volunteers. A realistic shop was installed

these three centres. Two months before the start of the study, a one month adaptatic

period was executed to optimize the experimental procedures and to get the voluntee

used to these procedures. Volunteers were free to take as many of the reduced f
products or their full fat equivalents (e.g. spreads, dressings, frozen meals, cheeses, me

products, non-dairy creams, biscuits, snacks etc.) as they wanted. They were also free r

buy non-experimental products such as bread and vegetables in regular shops. In tl
three centres food intake was assessed before the adaptation period, after 2 weeks,

months and at the end of the study by 3-day food consumption diaries, estimatir

quantities in household measures. Fasting blood levels were taken before, after tr¡

months, four months and at the end of the study. On the same days body weight wi

assessed. Before and at the end of the study body composition was measured. Next

these general measurements research centre-specific measurements were performed. .

the subjects participating at our Institute biomarkers of oxidative stress, malondialdehyr

(MDA), free radical scavenging enzymes (GSH-Px, SOD and catalase) and plasn

antioxidative vitamin concentrations (B-carotene, lycopene, a-tocopherol) were measure

Compliance

Consumption of the experimental products was monitored using a computer programm

Products taken from the research shop were registered by means of a barcode reade

During the next visit, volunteers reported how much was left in stock at home and ho

much was not consumed but thrown away. It appeared from the data of the for

consumption diaries that in the reduced-fat group on average 37 glday of fat intake wr

derived from the experimental products, for the control group this was 70 g/day. Tl
mean daily fat intake from the experimental products remained stable during the stur

period. The remainder of their fat intake came from non-experimental products bought

regular shops.
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Procedures

Body weight; The subjects were weighed in underwear after an overnight fast four times
during the study (ED-60-T; Berkel, Ridderkerk, The Netherlands). For the measurement
of body composition, total body water (assuming to be 73% of subjects, fat-free mass)
was determined by deuterium dilution. Subjects drank a weighed dose of labelled water
after emptying the bladder at22:00. This was the baseline urine sample. Another sample
was collected the next morning from the second voiding. Deuterium was measured in
the urine samples with an isotope ratio mass spectrometer (vG-Isogas Aqua sira).6

Blood was drawn from an antecubital vein after an overnight fast for the following
measurements. All analyses were performed in the same period at the end of the study.

Plasma malondiqldehyde (MDA); For the analysis of MDA blood samples were put
in liquid nitrogen immediately after collection and stored at -80'C until analysis. MDA
content was measured after pre-column derivatisation with thiobarbituric acid (TBA)
using HPLC and a fluorescence detector as described by young and rrimble.T

For the analysis of cøtalase, GSH-Px and SOD in erythrocytes heparinized blood
was collected. Erythrocytes were washed three times and stored under helium at -gO"Cuntil analyzed. catalase activity was measured by monitoring substrate (Hror)
disappearance spectrophotometrically (LKB, cambridge, uK) at 240 nmaccording to the
method of Aebi.8 The activity of GSH-px was measured according to a ,FLAIR_
standardized method.e This FLAIR assay is based on the method of paglia and
Valentine's,r0 including an enzyme stabilization step and using t-butyl hydroperoxide
rather than hydrogen peroxide. SOD-activity was measured spectrophotometrically (LKB,
Cambridge, UK) using the RANSOD kit (Randox laboratories, Ireland) according to the
kit's protocol.

Plasma samples for anarysis of concentrations of þ-carotene, lycopene and
a-tocopherol were stored under argon at -70'C until analysis. After extraction, p-
carotene and lycopene were separated by HpLC on Nucleosil 5-N(cH3), column
(Machery & Nagel, Duren, Germany) with n-heptane as the mobile phase. The
chromatographic system for a-tocopherol consisted of a Nucleosil 5CN column and a
mobile phase of n-heptane/dichloromethane/isopropanol (90:10:0.2, vlv) for 5 min
followed by n-heptane/dichloromethane/isopropanol (90:10:2, vlv) for 20 min at a flow
rate of 1 ml/min.

Statistics

Intervention effects

The changes (as compared to baseline values) that occurred
period were analysed with analysis of variance (ANOVA) with
BMDP statistical software. This type of analysis is appropriate

during the intervention
repeated measures using
in detecting differences
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between groups, time effects and interactions. Students t-test was used to dete

differences between groups at a certain moment in the study.

Correlations (n = 76)

To assess relationship between food intake and the parameters analysed at baselir

Pearson's linear correlation coefficient was calculated. Since most variables appeared r

be quite variable during the intervention period, the mean of the three samples takr

during the intervention period was also used as a variable in Pearson's linear correlatic

analysis. Relationships between changes (A at six months as compared to baseline)

variables were also calculated with Pearson's linear correlation coefficient.

As no differences were observed in ANOVA-analysis using gender as a groupir

factor, data from male and female subjects are pooled. P-values were considerr

statistically significant at P < 0.05. Results are expressed as means + standard deviatic

(sd).

RESULTS

Intervention effects

The results on body weight, BMI and body composition for the 76 subjects participatir

at our institute are summarized in Table 10.1. Althoughbody weight and BMI seemed

increase slightly in the control group repeated measures ANOVA did not reveal ar

significant time or diet effects in body weight or BMI. In addition, no significant effec

on body composition were found.

Food intake as assessed by means of 3-day dietary records is summarized

Table 10.2. Repeated measures ANOVA revealed a significantly stronger increase

energy intake in the control group as compared to the reduced-fat group. Ener¡

percentage derived from dietary fat was significantly reduced in the reduced-fat group

compared to the control group. Repeated measures ANOVA also showed significa

effects on fatty acid intake: percentage energy derived from saturated fatty acid (SFl

mono-unsaturated fatty acids (MUFA) as well as polyunsaturated fatty acids (PUF,

intake was significantly reduced in the reduced-fat group as compared to the contl

group. However, the change in PUFA intake in the reduced-fat group was no long

different from that in the control group at the end (after 6 months) of the stud

Although a significant interaction was found in the ratio PUFA"/SFA intake, r

difference in average changes between the groups was observed. Vitamin E intake, bc

expressed in absolute terms as well as per gram PUFA, decreased significantly in t
reduced-fat group.



Table 10'1' Body weight, body mass index (BMI) and body composition at baseline and the change (À as compared to baseline) during the MSFAT-
study. (Ctrl n = 36; Reduced-far n = 40).

Group baseline Àat2months 
^at4months 

Àat6months Pgroup pttrn. pl"terr"t

weight (kg) ctrl 78.5 ! 9.4 0.66 ! 1.49 0.56 t 1.84 0.46 ! 2.18
Reduced-fat 77.3 + 12.0 0.24 ! 1.18 0.06 t 1.75 -o.o8 ! 2.36 o.t2t7 0.2974 0.8075

BMI (kg/m') ctrl 24.9 + 2.3 0.20 t 0.48 0.18 I 0.60 0.15 ! 032
Reduced-fat 25.1, + 2.2 0.07 r 0.40 0.02 t 0.59 -0.04 1 0.80 0.1,171 0.3000 0.6961

Body fat (%) Ctrl 27.6 + 7.1, n.d." n.d. _1,.I5 + Z.O2

Reduced-fat 2i,B ! 7.9 n.d. n.d. _0.94 x 2.56 0.6950b

Changes are analysed using ANOVA with repeated measures.

' n.d. = not determined.
b AReduced fat vs. ÀCtrl, analysed with students t-test.

è
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Table 10.2. Food intake at baseline and the change (À as compared to baseline) during the MSFAT-study (Ctrl n = 36; Reduced-fat n = 40).

Group baseline Âat2weeks Âat3months Aat6months Pgroup Ptime Pinteract

I

{
:

I

MJ Ctrl 10.38 r 2.88 1.13 !2.65 1.64 !3.06 1'.87 !2.64
Reduced fat 10.89 t 3.57 0.20 ! 2.59 -0.09 ! 2.74* 0.27 + 2.64** 0.0115 0.1308 0.2144

Fat (enVo) Ctrl 35.95 t 6.03 4.61 ! 7.39 6.68 t 6.09 6-70 ! 6-77

Reduced fat 36.38 ! 5.'Ì2 -2.67 + 6.03*++ -3.5'7 ! 7.46**+ -1.64 + 6.50*** 0.0000 0.0074 0.3597

SFA (en7o) Ctrl 14.36 ! 2.97 2.62 ! 4.34 4.21' x 3.63 3-79 ! 3.79

Reduced fat 14.52 ! 3.32 -0.29 + 3.66** -0.58 + 3.59**+ -0.37 + 3.65**+ 0.0000 0.1324 0.0847

MUFA (en7o) Ctrl 13.29 !.2.61' 1'.02 ! 2.72 1'.13 ! 2.6L 1.36 t 3.01

Reduced fat 13.62 ! 2.39 -0.90 + 2.79** -2.00 + 3.51x*+ -1..21 + 2.62*** 0.0000 0.9599 0.2693

PUFA (enVo) Ctrl 6.13 t 1.90 0.50 !2.65 0.85 !2.66 0-67 !2.1'8
Reduced fat 6.33 ! 1.9':, -1.07 + 1.90** -0.76 + 2.22** -0.11 !2.11 0.0056 0.0194 0.1001

PUFA,/SFA ratio Ctrl 0.44 ! 0.74 -0.03 I 0.21 -0.05 t 0.19 -0.06 t 0.17

Reducecl fat 0.46 I 0.18 -0.08 I 0.18 -0.05 t 0.17 0.00 t 0.20 0.9926 0.1780 0.0075

Viramin E (mg) Ctrl 8.67 ! 3.99 2.38 ! 6.69 3.85 1 6.93 2.74 ! 6.77

Reduced far 10.41 ! 6.30 -3.78 + 5.39**+ -3.57 + 5.92*** -3.60 + 6.53x+* 0.0000 0.5994 0.8640

Vit E (mg)/PUFA (g) Ctrl 0.55 1 0.23 -0.00 t 0'25 0.01 t 0.26 -0-04 ! 0.26

Reduced fat 0.58 ! 0.22 -0.13 r 0.29* -0.15 t 0.29f -0.21. + 0.25** 0.0088 0.0185 0.3420

Changes are analysed using ANOVA with repeated measurements.
+ P < 0.05; ** P < 0.01; *+* P < 0.001 as compared with the contlol group.



Table 10.3. Plasma parameters of oxidative stress at baseline and the change (Â as compared to baseline) during the MSFAT-study. (Ctrl n = 36;
Reduced-fat n = 40).

GroupbaselineÁat2monthsÀat4months^at6monthsPm

MDA (ømol/l) Ctrl 2.89 ! 0.87 -0.10 I 0.85 -0.10 r 0.86 _0.04 r 0.88
Reduced fat 3.13 1 0.87 -0.05 t 0.68 -0.36 !0.62 -0.14 t 0.99 0.6453 0.8387 0.798,7

GSH-Px (u/g Hb) ctrì 12.74 ! 1.7i -2.14 ! 1,.24 -1.65 ! 7.27 -2.65 ! 1.7g

Reduced fat 12.89 ! 2.O3 -1.95 ! 1.74 -1.31. ! 7.28 -2.32 ! 1.27 0.1836 0.0041 0.7353

SOD (U/g Hb) Ctrl 907 ! 195 129 !286 59 r 183 5t ! 1,74

Reduced fat 896 t 172 1zB !263 45 ! 144 42 ! 163 0.8290 0.0139 o.ggt4

catalase (k/g Hb) crrt 197.6 ! 20.4 -9.7 ! 14.5 10.9 1 13.9 14.9 t i8.8
Reduced fat 192.2 !21.8 -8.2 t 18.3 i1.6 I 15.0 1,3.9 ! 14.2 0.6020 0.0000 0.1005

B-Carotene (pglml) CtrÌ 0.31 r 0.11 0.00 I 0.10 -0.02 ! 0.1.6 -0.01 i 0.11

Reduced fat 0.31 I 0.15 -0.01 I 0.07 -0.03 t 0.07 -0.02 ! 0.07 0.5930 0.3481 0.9198

Lycopene Qrylml) ctrl 0.27 ! 0.14 0.01 t 0.i3 -0.02 r 0.10 -0.01 I 0.12
Reduced fat 0.27 ! o.'lo 0.03 I 0.10 0.02 !0.1,2 0.05 + 0.10* 0.075g 0.7465 0.0987

a-Tocopherol (pgiml) ctrl 11.04 ! 2.zB 0.00 r 1.36 0.27 ! t.AB -0.01 ! t.6z
Reduced fat 11 .22 ! 2.85 0.1 1 1 1.37 0.22 ! 1.70 -0.15 t 1.41 0.9389 0.3843 0.5864

c-TocopherolÆot chol
(mg/mmol) Crrl

Reduced fat 2.01 ! o.29 0.03 I 0.19 0.08 ! 0.24 0.01 i 0.21 0.246i. 0.8073 0.7850

1.98 ! 0.23 -0.02 ! 0.20 0.03 I 0.17 -0.03 Ê 0.20

Changes are analysed using ANOVA with repeated measurements.
* P < 0.05; ** P < 0.01; +** P < 0.001 as compared with the control group.

Þo



Table 10.3 presents the results on lipid peroxidation measured as plasma MDr
concentration, the free radical scavenging enzymes GSH-Px, SOD and catalase and th
antioxidative enzymes p-carotene, lycopene and c-tocopherol. None of these parameter

changed differently between groups. Both groups showed a decrease in GSH-Px activit
and an increase in SOD activity during the intervention period. Catalase activity showe

a more variable pattern, i.e. a decrease at two months and an increase at four and si

months in both groups.

Correlations

At baseline, a relationship between erythrocyte GSH-Px activity and SFA intak
(r = 0.273; P = 0.017), as well as an inverse relationship between GSH-Px and catalas

activity (r = -O.388; P < 0.001) was found. Plasma MDA concentration correlated wit
plasma cr-tocopherol concentration (r = 0.413; P < 0.001). Plasma lycopene an

p-carotene concentrations were related (r = 0.295; P = 0.010). Age was inversely relate

to energy intake (r = 4258. P = 0.024), and positively related with plasma B-caroten
concentrations (r = 0.295; P = 0.010) as well as with plasma o-tocopherol concentration

(r = 0.422; P < 0.001). However when plasma cr-tocopherol was expressed as per mmc

cholesterol, this association was no longer significant. Age did not correlate with th

activity of the free radical scavenging enzymes GSH-Px, SOD and catalase.

Considering the mean values calculated for the intervention period, GSH-P

activity again correlated negatively with catalase activity (r = 4.462; P < 0.001'

Contrary to the baseline correlation analysis, a negative correlation between GSH-P

activity and SOD activity was observed (r = -0.446; P < 0.001). SOD activity, in tun
correlated with MUFA intake (r = 0.406; P < 0.001) and negatively with the age of th
subjects (r = 4.251; P = 0.035). Age did not correlate significantly with the activity c

the other two free radical scavenging enzymes, GSH-Px and catalase. Furthermore, ag

was inversely related with energy intake (r = -0.330; P = 0.004), as well as with plasm

lycopene concentration (r = 4.342; P = 0.003). Plasma cr-tocopherol concentratio

correlated with the age of the subjects (r = 0.432; P < 0.001). Again, when cr-tocopherr

was expressed as per mmol cholesterol this association was no longer significant. Plasm

MDA concentration correlated with plasma cr-tocopherol (r = 0.268; P = 0.022). N

correlation between vitamin E intake and plasma cr-tocopherol concentration was found.

There was a significant relationship between the change in MUFA intake and th

change in catalase activity (r = -0.317; P = 0.007). Changes in plasma p-caroten

concentrations were related with changes in lycopene (r = 0.406; P < 0.001) as well a

with changes in cr-tocopherol concentrations (r = 0.256; P = 0.030). No other significar

correlations between changes have been observed
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DISCUSSION

Intervention effects

Since it has been suggested that energy restriction might retard the ageing process in
humans, we reported before about the feasibility of an imposed moderately energy
restricted diet in non-obese men.tt In the present study we investigated the potential of
reduced-fat products to reduce the energy intake. The influence of reduced-fat products
on energy-balance has been studied in many short and long-term studies which have
been summatized by Bellisle and. Perez.rz The authors concluded that the longest
experiments on reduced-fat feeding suggest that some compensatory increase in intake
progressively develops, but does not completely reverse the modest weight loss that
occurred during the first few weeks on the reduced-fat diet. However, the studies
summarized were performed under strictly controlled conditions. The present study was
designed to mimic a 'free living' situation by installing a realistic shop where subjects
can go on errands weekly, and are free to buy additional food products elsewhere. The
results of this study showed that consumption of reduced-fat products under .free living
conditions' leads to a significantly lower energy intake as compared to consumption of
their full-fat equivalents. These results are in agreement with previous suggestions that
macronutrient composition plays a role in energy intake.13

Reduced energy intake might retard the ageing process through maintenance or
improvement of the prooxidant/antioxidant balance.ra'ls However, the difference in
energy intake between the reduced-fat group and the control group achieved in this
study, however, did not result in an effect on plasma MDA concentration, plasma
antioxidative vitamins and erythrocyte free radical scavenging enzymes during the
intervention period.

Activities of these enzymes changed similarly in both groups. The fluctuations
observed are not easily to explain. Time of storage, or storage conditions, seem to be an
unlikely cause as in this case one would expect that blood samples drawn at the end of
the study show higher activity than those drawn at the start of the study. However, none
of the enzyme activilies measured in this study showed a linear trend to increase during
the study. In addition, since all samples of one subject were analysed in the same run,
variation in analytical procedures does also not explain the changes observecl either.

Besides restriction of the energy intake, the quantity and composition of dietary fat
intake might also affect fat-soluble antioxidative vitamin intake and,/or antioxidative
capacity and lipid peroxidation status. Fats in foods serye as a carrier for fat-soluble
vitamins' Reduced-fat foods might therefore adversely affect the availability of
fat-soluble vitamins and subsequently antioxidative capacity, since both vitamin E and
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carotenoids act as an antioxidant. Most of the reports on reduced fat products an

plasma vitamin concentrations refer to the effects of a non-caloric sucrose polyeste

(SPE), not allowed to be used as a fat-substitute in The Netherlands yet. Consumption c

SPE decreases plasma vitamin A and E concentrations after 10 days in healthy subjecl

receiving normal diets in which SPE was introduced by addition or substitutionl6 as we

as after 16 weeks in obese subjects receiving hypocaloric diets, containing 257o c

calories of fat plus SPE.17 Results from our study show that 6 months realisti

consumption of reduced fat products did not affect plasma lycopene and B-caroten
concentrations. It has been reported that dietary intake of lycopenels and l3-carotene
reflect their serum concentrations. Although we had no data on lycopene and p-caroten

intake, it might therefore be speculated that intake of these carotenoids did not chang

during the study. Remarkably, plasma concentration of c-tocopherol did not chang

either, despite a decrease in vitamin E intake. Vitamin E intake, as well as the vitamin
per gram PUFA intake, decreased significantly in the reduced-fat group. The intake c

0.37 t 0.16 mg vitamin E per g PUFA in this group at the end of the study becam

even lower than the recommended intake of 0.4 mg/g, needed to maintain tissu

concentrations.2o This finding might suggest that 'usage' of plasma cr-tocopherol 1

decreased in the reduced-fat group. However, this aspect might need further attention.

Correlations (n = 76)

Reports on the relationship between dietary fatty acid intake and free-radical scavengin

enzymes are scarce, especially those performed in humans. It has been observed that

diet rich in oleic acid (18:1n-9; MUFA) lead to lower hepatic catalase activity in mice.

In our study fatty acid intake did not correlate with catalase activity, neither at baselinr

nor during the intervention period. However, MUFA intake increased in the contrt

group and decreased in the reduced-fat group. Pooling the two groups, a significar

inverse relationship between the change in MUFA intake and the change in erythrocyl

catalase activity after 26 weeks was observed (r = -0.317, P = 0.007), which is i

agreement with the observation in mice. In mice, no effects of dietary fatty acic

composition on hepatic GSH-Px activity and MDA levels was found,2r whereas or¡

supplementation of 2O ml fish oil (PUFA) for 10 weeks in humans led to increase

GSH-Px activity.22 In our study no correlation between GSH-Px activity and percentag

energy derived from PUFA was observed, whereas no relationship between plasm

MDA concentration and dietary fatty acid composition was found. The change

accomplished in our study are most probably not that extreme to alter the enzyme

activities measured.
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In this study a negative correlation between catalase and GSH-px has been found. This
inverse relationship has been observed in various species.z3 Since both enzymes detoxify
HrO, this might suggest that a compensatory relationship may exist. A correlation
between SOD and catalase might be expected since catalase is thought to account for a
notable part of the elimination of Hror, which is partly generated by SoD. others also
failed to show a correlation between catalase and SOD activity2324 but the reason
remains unclear.

A positive correlation between MDA and plasma cr-tocopherol has been found in
the present study. A possible explanation is that a high PUFA intake, which is aftended
with high vitamin E intake, leads to a high plasma cr-tocopherol concentration as well as
to a high MDA concentration. However, correlation analysis did not support this
hypothesis.

Many reports on animal studies suggest a decline in free radical scavenging capacity
with advancing age. This is in line with the 'Free radical theory of ageing,, formulated
by Harman,2s which postulaios that ageing is caused by free radical reactions. Sohal and
Allan26 further elaborated on this theory and postulated that ageing is due to a
dysbalance between prooxidants and antioxidants within cells. In line with Sohal and
Allan's hypothesis, a negative correlation between age and SOD activity as well as
between age and lycopene was found in this study, considering mean values of the
intervention period.

cutler2T presented evidence supporting Harman,s ,rate of living theory, by showing
that the species-specific basal metabolic rate is inversely related to life span. To assess
whether such a relationship is also present in the subjects participating in this study,
basal metabolic rate (BMR) was calculated from their fat mass and fat-free mass
according to the formula: BMR (MJ/day) = 0.102*FFM(kg) + 0.024*FM(kg) + 0.g5.2s
Correlation analysis between calculated BMR and the parameters measured revealed that
the relationship between BMR and GSH-Px activity at baseline nearly reached
significance (r = -.0.219 p = 0.057), but the mean value of the intervention period
correlated significantly with calculated BMR at the end of the study (r = 4.294;
P = 0.011). BMR correlated also with plasma p-carotene concentration both at baseline
(r = 4.334; P = 0.003), as well as during the intervention period (r = -0.2g4;p = 0.014). Interpretation of these associations is difficult, but one could hypothesize
that, according to the 'rate of living theory,, those with a higher BMR might be more
susceptible to oxidative damage, due to lower GSH-Px activity and lower B-carotene
concentrations.
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From this study it can be concluded that in the given context, the consumption ,

reduced-fat products lead to lower energy intake as compared to consumption of the

full-fat equivalents. Furthermore, consumption of reduced-fat products decreased vitam

E intake and altered dietary fatty acid composition. However, neither the difference

energy intake, nor the change in dietary fat composition seemed to affect the integrity ,

the antioxidant scavenging capacity, assessed by measuring plasma MDA ar

antioxidative vitamins (lycopene, p-carotene and a-tocopherol) and erythrocyte frr

radical scavenging enzymes (SOD, GSH-Px and catalase).
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General Discussion

There seems ample evidence to conclude that ER extends both mean and maximum
lifespan of species, representing different types of animals such as a nematode
(caenorhabditis elegans), the fruit fly (Drosophila melanogaster) and rodents (Mus and
Rattus)'1-3 Moreover, ER decreases susceptibility to several diseases in rodents.r
However, the finding that ER beneficially affects the ageing process has been criticizedby saying that the relationship between ER and ageing supports an opposite
interpretation as well, namely that dietary excess, as often seems to be the case in caged
animals, reduces life span.a This argument can be countered by a study of weindruch et
al's who reported that up to the point where ER approaches an actual starvation level,still a relationship between the level of ER and life span extension could be
demonstrated' However, one can still argue that improve-"ni in rodent life-span is aresult of being spared a pathological environment. with respect to the potential
application of ER in humans the question is whether we have lost the type of response
exhibited by rodents due to control of our evolutionary environment or that we have
optimized our environment during evolution and have reached maximum life span
already.

So, we do not know whether humans have the capacity to respond to ER with postponed
ageing. Therefore, the intriguing, phylogenetically independent anti-ageing effect of ER
raises several questions with regard to human ageing: 1) could some (or ail) of these
effects be realized in man on an appropriate ER regimen, or is the life prolonging effect
of ER just a phenomenon unique to short-lived species?; 2) can L,R extend human life
span beyond its present rimit of 110-115 years?;3) does ER also extend health span
(i.e- time until the onset of age related diseases) and if so, what is the underlying
mechanism?;4) at what age should an energy restricted diet be introduced?; etc. As, to
our knowledge, no previous reports have been published into the relevance of findings
from animal studies to man, the studies described in this thesis are a first attempt.
Although it is hard, if not impossibre, to assess whether humans have the capacity to
respond to ER with postponed ageing, several approaches can be considered as an effortto answer these questions such as studying in-vitro cultures of mammalian cells or
studying gene expression.. However, in our opinion a prerequisite before studying
potential age-retardation effects in humans is to study the potential of implementation of
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an ER-diet tenable for the longer term, as well as to investigate potential health risks <

benefits of ER. Next, short term effects of ER in humans on physiological system

related to the ageing process could be compared with short- and long term effects of E

in animals. In this Chapter these items will be discussed after a brief remark about ti
social aspects of ER.

SOCIAL ASPECTS OF LIFE EXTENSION BY ENERGY RESTRICTION

Several people will object against attempts to postpone human ageing by enerp

restriction as they feel that extending life span is socially unacceptable and could lead I

high costs of health care for the elderly. The ethical aspects and the social desirability r

postponing ageing are beyond the scope of this thesis. However, ER will presumably n,

be adopted by an entire population, even if it was proven to be successful. If a subgror

of subjects chooses to follow an energy restricted diet, adequate in essential nutrienl

this will most probably not lead to drastic social changes. Besides, as society wr

probably benefit more from extension of health span in stead of extension of life span,

is also interesting to study whether ER could extend health span.

Since energy restriction is most probably the most suitable model to study tl

ageing process, it might at least provide insight in the human ageing process.

POTENTIAL OF IMPLEMENTATION OF E,NERGY RESTRICTION

What level of ER will be appropriate in man

The level of ER that will be appropriate in man for the longer term is uncertain. In tht

semistarvation study Keys and colleagues? showed that 507o ER is not acceptable for tì

Ionger term as it appeared to introduce several negative health effects (symptoms

apathy and listlessness, ultimately leading to severe energy malnutrition). Therefore,

the first study the level of ER was aimed at 20%. However, due to underreporting

habitual energy intake the actual level of ER appeared to be approximately 30%. Fra

the results on energy expenditure and body composition, described in Chapter 5, it c

be concluded that the imposed level of 30% ER was actually too high to be regarded

acceptable for the longer-term. From this finding, in conjunction with the slightly, b

significantly decreased physical performance (Chapter 4), it can be concluded that if I
is to be implemented for the longer term it should be at least at a milder level than 30'

Even when a level of 207o ER had been imposed in these subjects, then, according tc

computer simulation model,s subjects' body fat would decrease to ca. 5.67o and th
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would still be in negative energy balance after a period of one year. A level of 4-6% (or
ca. 2.5 kg) body fat has been suggested to be the lower limit in healthy 

''"n, und
represents the point at which individuals enter a phase of increased muscle catabolism.e
Thts, 4-67o body fat should be considered as an absolute minimum. Therefore, even this
20vo ER level would be too high for the longer term. According to weindruch and
walford, a daily intake of 6.3-g.4 MJ/day (1,500-2,000 kcal) will induce a gradual
weight loss in men, and if it includes RDA's of all essential nutrients, can hardly be
regarded as a dangerous program. As energy intake was 9.2 MJlday on average during
the intervention period in the subjects in the ER group, weindruch and walford,s
recommendation should be regarded as too low.

As a consequence of the underreporting, subjects in the contror group were
restricted in their intake too, but at a very mild level. In contrast to the ER group,
subjects in the control group seemed to stabilize at the end of the lO-week study, after
which they had lost 2.1 kg on average. This mild level of ER, most probabry L0To,
seemed to be acceptable for the longer term, but did not result in beneficial effects on
blood pressure, lipid profile or fibrinolytic factors after 10 weeks.

From studies on genetically obese mice it seems unlikely that, within certain
limits, the amount of body fat plays a crucial rore in the ageing process. when energy
intake is restricted in these mice their life span is extended past that of normal mice fedad libitum, even though their body weight and percentage of body fat remain
significantly higher than those of non-obese mice.l. Therefore, another approach of
imposing ER is related to the concept of an equilibrium .set point,, which argues that
the body defends a particular weight by shifting the energy efficiency of the metabolic
machine'll According this set-point theory each individual has a particular set-point
determined by genetic endowment plus his/her early feeding history. The response to
decreased energy intake is to increase efficiency in order to maintain body weight.
weindruch and walford assume that any degree of sustained weight loss below the
genetic set-point of the individual might yield survival benefits in terms of maximum aswell as average life span.l They elaborate on this by suggesting that for individuals
whose body weight has been stable since ages 20-30 that body weight is precisely their
set-point. For those who have gradually gained body weight, the appropriate set point is
uncertain' but would be their weight at 20-30 years. Although the existence of such a
set-point has been questionedl2 this approach of stabilizing at a body weight below one,s
body weight at 20-30 years will most probably be more feasible than imposing a longer-
term fixed level of ER. As the subjects in the ER group in our first study lost
approximately 707o body weight, without any obvious injurious effects, it would have
been interesting to study the long-term effects after they were stabilized at their body
weight achieved at the end of 10 weeks ER.
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To summarize, for the longer term, the imposed level of ER in man should in ar

case be lower than 307o. A level of L07o seemed to be more feasible for the longer terr

but did not affect health parameters after 10 weeks. In addition, in stead of imposing

fixed level of ER, stabilization at a body weight below one's body weight at 20-30 yea

will most probably more feasible.

How can ER be achieved in man?:

Besides the uncertainty about the appropriate level that could be imposed in human

which in any case should thus be lower than 307o, another question is how th

restriction of energy intake could be achieved. Most designs of energy restriction studi,

in rodents involve limiting the intake of all or at least most food components at a certa

moment in life. Therefore, decreasing 'overall' energy intake (i.e. eating less ,

everything while maintaining the relative contributions of the macronutrients), using tl

habitual intake as the reference point, is an obvious way to reduce the energy intake

man and has been imposed in the first study.

Initially, it was unclear whether retardation of the ageing process is due to tl
decreased energy intake or to a particular dietary component. Yet, animal studies ha'

convincingly demonstrated that the dietary factor in energy restriction studies responsib

for the increase in life span and the retardation of the ageing process is the decrease

energy intake per sé, irrespective of how ER was attained.l3 Reduction of the prote

intake to the level of the dietary restricted rats did also increase longevity but le
markedly than did dietary restriction.la However, the increase of longevity was related

retarding nephropathy rather than influencing ageing processes as is the case with dieta

restriction. Furthermore, decreasing the intake of fat or mineral components witho

decreasing the intake of energy did not influence mortality characteristics of the rats.ls

Energy percentage derived from fat is higher than recommended in most weste

countries. Several studies have indicated that a high-fat diet is accompanied by a hi1

energy intake.16'17 The body has limited ability to oxidize fat compared with its ability

oxidize carbohydrate and protein. It has been suggested that the RQ (respirato

quotient; CO, produced/O, consumed) is higher than the FQ (food quotient) while usir

high carbohydrate/low fat diets, which indicates that the subject is mobilizing body fat

Thus, as the energy intake itself is responsible for the anti-ageing effect and fat inta

should be reduced, another option is to reduce the energy intake by decreasing dieta

fat intake. The availability of reduced fat products has increased during the li
decennium and consumption of these products might be a convenient way to reduce t

energy intake in 'free living' situation. Therefore, in the second study, the MSFA

study, the potential of reduced fat products to reduce the energy intake, and its effer

on general health was studied. As described in Chapter 9 and 10, consumption
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reduced fat products did not reduce the energy intake as compared to baseline values.
However, as compared to the control group a significant difference in energy intake as
well as in percentage energy intake derived from fat has been found. At least,
considering the entire study population (n = 120), ad libitum consumption of these
products prevented the overconsumption of energy and dietary fat since subjects in the
control group gained 1 kg on average, while subjects in the reduced fat group remained
weight stable. The difference in the change in body fat (0.61 kg) nearly reached
significance. Nevertheless, since a difference in energy intake has been achieved
between the control group, receiving full-fat products, and the reduced-fat group it might
be concluded that macronutrient composition plays a role in energy intake.

This thesis was based on the concept that any level of energy intake below the habitual
energy intake of a subject with a stable weight is a certain form of ER. However, ER
can be induced in different ways. Energy intake is one side of the energy balance, the
other side is energy expenditure. A topic not addressed to in this thesis, but not less
interesting, is the role of exercise in increasing health and longevity. Hollozyre,2o found
that voluntary exercise on activity wheels in rats increased the mean but, in contrast to
energy restricted controls of the same weight, did not result in an extension of the
maximum length of life. When energy intake in wheel running rats was increased such
that runners and sedentary control rats attained similar peak body weights, runners
showed a significant prolongation of average longevity.2l In humans there seems to be
no indication that there is a relation between a history of athletic status and
longevity.22'zt However, mean life expectancy has reported to be higher in Finnish team
members in intercountry games than in a reference group. This increase in life
expectancy was mainly explained by decreased cardiovascular mortality. In addition, no
difference in maximum life span between groups was observed.24 Similar results are
obtained in a Dutch study which showed that the mortality ratio in a group of
recreational participants in the Dutch eleven cities ice skating tour (200 km) was
significantly lower than that in the general population in the Netherlands, which lead to
the conclusion that the capacity for prolonged and vigorous physical exercise,
particularly if it is recreational, is a indicator of longevity.25 Although it can not be
excluded that these sludies are biased by the fact that only 'stronger, subjects are
capable in exercising regularly, these studies in man suggest that exercise might at least
prolong mean life span, comparable to the findings in rodents mentioned above. Exercise
as such has beneficial effects on cardiovascular function, lipoprotein risk factors for
CHD, and has a preventive effect on diabetes and bone mineral loss,26 and thus increases
health-span.
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HEALTH RISKSÆENEFITS OF ENERGY RESTRICTION

Introduction of an energy restricted diet in healthy non-obese subjects may result :

health benefits but also in health risks. For example, too much weight loss resulting ;

decreased capacity for physical and mental performance should be avoided. Als,

extreme hunger feelings and immune dysfunction might be undesirable side effects r

imposed ER. On the other hand, high quality food intake resulting in gradual weigJ

loss, may be expected to yield a number of health benefits even if life span is nr

extended. Rowe and Kahn27 have made a differentiated 'usual' and 'successful' ageinl

age-related changes such as increases in blood pressure, serum cholesterol levels ar

bone loss are considered as physiologic. However, those who demonstrate little or r
loss in a constellation of physiologic functions have aged successfully.

The results of our first study, described in this thesis in Chapter 3-6 revealed th
at 10 weeks of energy restriction under dietary controlled conditions no significar

changes in hunger and satiety or in obvious health risks were observed. On the contrar'

the imposed level of ER, approximately 307o, seemed to act beneficially on bloc

pressure and lipid profile (Chapter 3), as well as on fibrinolytic factors in those subjec

with initially high PAI-1 activity levels (Chapter 6). In Chapter 4 it has been conclude

that 10 weeks of 'moderate' ER lead to a slight but significant decrease in maxim'

power output when compared to the change in the control group, measured with
bicycle ergometer. The decrease of 6.3 Watt in maximal output in the ER grou

represented a decrease of only 2.57o, and was not significantly different from zero. I

addition, this decrease in maximal power output was not related to the amount of weigì

loss. This observation is in agreement with the finding that aerobic power was nr

changed,28 or even improved,2e after a period of VLCD resulting in considerable amoun

of weight loss.

Results from the MSFAT-study showed that the difference in energy intake and tl
difference in percentage energy derived from fat, induced by long-term consumption <

reduced fat products, did not beneficially nor adversely affect lipid profile, immur
status parameters,3O fibrinolytic factors or outcomes of the oral glucose tolerance te

(Chapter 9).

Thus, apart from a potential life extending effect of ER, the results of the fir
study studies show that short-term energy restriction, resulting in 10% body weight lot

and a final BMI of 22.6 kglm2, beneficially affects general health parameters bloc

Dressure, Iipid profile and fibrinolytic factors, even in non-obese men. Whether the¡

effects could be maintained after the subjects had stabilized at their new body weigJ

requires further investigation. The results of the MSFAT study showed that consumptic

of reduced fat intake lowers percentage energy derived from fat to the recommende
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level of 30-35 en%. As a high fat intake is related to the high prevalence of
cardiovascular diseases, obesity and cancer, consumption of reduced fat products might
have a potential to maintain health.

THE UNDERLYING MECHANISM OF THE BENEFICIAL EFFECTS OF ENERGY
RESTRICTION

Several possible mechanisms through which ER modulates the ageing process have been
suggested. As described in Chapter L, free radical reactions are considered to play an
important role in the ageing process and have been related to the progressive
accumulation of age-related degenerative changes. Harman3r formulated his ,free radical
theory of ageing' as early as in 1954, in which he postulated that ageing might be
attributed at least in part to accumulative damage caused by radical generation associated
with cellular metabolic activity. In line with this suggestion a negative correlation
between age and soD activity was found in the MSFAT study (chapter 10). However,
the relevance of this finding is not clear, since on the basis of Harman,s theory more
correlations between age and free radical damage or free radical scavenging capacity
could be expected.

ER and oxidative.r/ress;

Energy restriction seems to improve, or at least maintain, the balance between
prooxidants and antioxidants, leading to reduced free radical damage during ageing in
rodents by lowering the free radical production rate and/or by enhancing the free radical
scavenging capacity (Chapier 1). As this observation has received much attention lately,
we investigated whether short-term ER and consumption of reduced fat product affects
free radical scavenging capacity and damage in humans. However, no effect of 10 weeks
ER or 6 months consumption of reduced fat products on selected parameters of plasma
antioxidative vitamins, erythrocyte free radical scavenging enzyme activities nor the
plasma lipid peroxidation product malondialdehyde could be demonstrated (Chapter 7
and Chapter 10 respectively). Ten weeks of ER did not affect urinary or lymphocyte
SOHdG concentration and selected parameters of genotoxicity either (Chapter 7).
Possible reasons for not finding an effect are discussed in these chapters. Briefly, the
reasons mentioned are: 1) free radical damage may be less in humans because of a
relatively lower metabolic rate. As a consequence, they might benefit less from ER than
species with a high metabolic rate; 2) the differences achieved might have been too
small to detect changes or correlations between (changes in) parameters, 3) the period
studied might have been too short, 4) the antioxidant/prooxidant balance might be rather
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stable in the age category used in this study and 5) an important reason for not findin
changes in the parameters of oxidative stress and antioxidative capacity might be th
type of biomarker used. It can be argued that finding no effects on a peripheral levt
does not exclude that changes have occurred on a cellular level. Nevertheless, due to on

(or a combination) of these factors average levels of the parameters related to th

prooxidant/antioxidant balance were not affected by 10 weeks of ER nor by 6 month

consumption of reduced fat products.

Metabolic rate qnd oxidative stres.r.'

According to Harman's theory, free-radical damage can by reduced by lowerin
metabolic rate. This suggestion has been supported by studies from Cutler32 who showe

an inverse relationship between species-specific life span and metabolic rate. Howeve:
in contrast to Cutler, we studied relationships within one species. Our results do nc

indicate that the parameters measured would change with decreased metabolic rate. Suc

a change could be expected on the basis of Sacher's33 suggestion that ER reduce

metabolic rate and thereby retards the ageing process. In line with Cutler's32 'rate c

living theory' calculated BMR (based on kg fat-free mass and kg fat mass) and GSH-p
activity were inversely related (Chapter 10). However, this relationship was only foun
in the MSFAT-study, but not in the first study, probably due to the small number c

subjects. To which extent this apparent relationship between BMR and GSH-Px activit
is observed by chance, remains uncertain. If a relationship between metabolic rate an

free radical damage within a species exists, one would expect to find correlation
between BMR and at least some of the other parameters such as plasm

malondialdehyde (MDA) concentration, erythrocyte superoxide dismutase (SOD

activity, etc. as well. Further (epidemiological) studies are needed in order to confirr
this relationship.

Free radical damage and free radical scavenging capacity in humans can only b
measured using 'indirect' measurements. By measuring free radical scavenging enzyme¡

antioxidative enzymes as well as radical damage such as lipid peroxidation product

(MDA) and DNA-adducts it was tried to evaluate both aspects and to complete th
picture as much as possible. However, a good marker for oxidative stress is still lacking

1tA
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CONCLUSION

From the studies described in this thesis it appears rhat 30Vo ER is not an acceptable
strategy for the longer term. However, this level of ER resulted after 10 weeks in ITVo
weight loss, a final BMI of 22.6 kg/m2 on average and beneficially affected several
health status parameters. A mild level of ER, i.e approximately IOVo, seems to be more
feasible but did not result in positive changes in health parameters after 10 weeks.
Consumption of reduced fat products under 'free living conditions' did reduce the
percentage derived from fat to the recommended level but did not reduce the energy
intake when compared to baseline values. However, energy intake was significantly
lower during consumption of reduced fat products as compared to consumption of the
full-fat equivalents. From these results it can be concluded that at present a feasible level
of ER may be hard to implement as a long-term intervention under free living
conditions. Moreover, short-term effects of ER in our study did not confirm the finding
in animals that ER beneficially affects the prooxidant/antioxidant balance. Thus, if one
succeeds in maintaining a energy restricted diet the beneficial effects, i.e. postponed
ageing, remains to be established.

RECOMMENDATIONS FOR FUTURE RESEARCH

It would be too ambitious to expect this thesis to provide a final answer to the question
whether ER will be applicable in man. However, on the basis of the results presented in
this thesis some recommendations can be made for future research.

The Level of ER:

- Since 10 weeks of ER, resulting in 70Vo weight loss on average, seems to affect
several 'health-parameters' beneficially. It would be interesting to investigate whether
such a positive effect can be maintained over a longer period after stabilization on
this new body weight.

- This 70% weight reduction seemed to be an acceptable level for the short term.
However, what level of weight reduction will be optimal in terms of acceptability and
health for the long term remains to be studied.

- At the population level it will most probably be more convenient to strive after an
optimal body mass index in stead of an optimal body composition. An intriguing
questions remains whether an 'optimal' BMI can be defined in terms of maximal life
and health span. Data available up to now show a J- or U-shaped curve between BMI
and mortality.t' However, this relationship seems to be confounded bv lean smokers
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and pre-existing illness or to represent only a subpopulation (7th-day adventistr

vegetarians). Studies in which these confounders are controlled for are recommended,

- Recently, is has been reported that weight changes (i.e. both weight loss and weigl
gain) of 1-5 kg, independent of BMI, are associated with significantly increase

mortality.3s In addition, weight cycling appears to correlate positively with waist-hi
ratio,36 which in turn has been associated with increased mortality.3T These data do nc

imply that obese persons should remain obese, but this might imply that ER should b
applied at least in order to prevent the usual weight gain during ageing. Again, th

relationship between weight loss and mortality might be confounded by pre-existin

illness. Therefore, more research into the relationship between weight change an

mortality is needed.

Achievement:

- Since consumption of reduced fat products resulted in significantly lower energ

intake as compared to consumption of full-fat equivalents, it would still be interestin,

to investigate whether longer term consumption of reduced fat products reduces th

energy intake.

- Another approach which remains to be studied is whether long term consumption ct

artificially sweetened products, whether or not in combination with reduced f¿

products, reduces the habitual energy intake.

- Since the use of dietary fibre has been suggested to have an impact on satiety,3s I

seems also worthwhile to investigate its potential for reducing the energy intake.

Biomarkers of ageing:

- Ageing research is complicated by the lack of a suitable 'biomarker of ageing'. Th

development of such a biomarkers is urgently needed. Such biomarkers should 1) b
measurable without health risks for the subject, 2) be highly reproducible and reflec

physiological age, i.e. status of physiological functions with respect to subjects

chronological age (years), 3) show significant age changes within a relatively brie

time period and 4) the clinical functions should be crucial to the health of species.:

As discussed in Chapter 7 the lact that most of the evidence of the anti-ageing effec

of ER on free radical reactions and oxidative stress in animal studies is based upo

findings obtained from organ tissues, especially liver, complicates a compariso

between human and animal data. Studies in man are limited to the substrates readil

available for analysis such as blood and urine samples.
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Energy restriction (ER), while maintaining the intake of adequate amounts of essential
nutrients, retards the ageing process and extends life span in various animal species.
Although several potential mechanisms have been put forward, the mechanism behind this
phenomenon remains unknown. The literature on the effects of ER on three physiological
processes related to ageing, i'e. adaptation of energy metabolism, free radical reactions and
antioxidative capacity, and the endocrine system have been reviewed in Chapter 1. From
this review it has been concluded that:
1) in both animals and man severe energy restriction lowers the resting metabolic rate

(RMR), expressed in absolute terms. Long-term energy restriction, for example in
undernourished labourers and anorexia nervosa patients, decreases the activity of
metabolic tissue and probably increases metabolic efficiency, since in these studies
RMR expressed per kg fat-free mass was found to be reduced;

2) in animals, a decrease in the activity of free radical scavenging enzymes with
increasing age has been found. ER, however, seems to maintain and/or improve
protection against free radical damage in these animals, which may play a role in the
life-prolonging effect. However, data on the effects of ageing and ER on damage due
to free radicals or free radical scavenging capacity in man are absent; and

3) ageing affects the hormonal system in both animals and man which is manifested in
dysfunction of the sympathetic nervous system, decreased T4 concentrations, decreased
secretion of gonadotropic hormones, and decreased glucose tolerance. This can be a
result of 'wear and tear' with advancing age. ER prevents the decrease in T4,
testosterone and LH which provides evidence for the hypothesis that ER maintains the
functional integrity of the neuroendocrine system.

There certainly are quantitative differences in metabolism between animals and men.
However, with regard to these three physiological processes, neither the effects of ER nor
the age related changes seemed to differ between animals and man. From this point of view,
ER might have a beneficial effect on the ageing process in man as well. However, little is
known regarding the applicability of ER as an intervention to retard human ageing.
Moreover, the life-long animal studies are hard, of not impossible, to mimic in interventions
in humans.

A prerequisite before studying potential age-retardation effects in humans is to study the
potential of implementation of an ER-diet tenable for the longer term, as well as to
investigate potential health risks or benefits of ER. Therefore, this project was started with
a 10-week intervention study in order to investigate the applicability as well as potential
health benefits or risks of a moderate energy restricted diet, aimed to contain g07o of the
energy of reported intake (20% ER), assessed by means of a 7-day dietary record. The
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results of this study, performed in 24 healthy middle-age men (range 35-50 yr) ar

described in Chapter 3-7. Weight loss was considerable in the ER group (-7.4 t 2.6 kp

n = 16), and there was no tendency for stabilization on a new energy balance. Subjects ir

the control group, lost some weight too (-2.7 ! 2.1, kg; n = 8). This study showed that thi
ten weeks of ER had beneficial effects on blood pressure and HDl-cholesterc
concentration, without having adverse effects on physical and mental performance, anr

feelings of hunger, satiety and mood (Chapter 3). The effects on physical performance ar

further elaborated in Chapter 4. Maximal power output showed a slight decreas

(-6.3 t 13.6 Watt), which appeared to be significant (P = 0.049) when compared to th
change in the control group (4.3 ! 5.9 Watt). However, this decrease was not related to th
decrease in body weight. In addition, no effects of ER on substrate utilization durini
submaximal exercise were obseryed. Chapter 5 describes the effects of ER on energ'

metabolism and body composition in these 24 subjects. By making use of the doubl'
labelled water technique in 8 subjects of the ER group it appeared that reported energ'

intake was 82.5% of total energy expenditure (ADMR = âv€râge daily metabolic rate)

resulting in an actual level of ER of 337o, rather Lhan 207o. Furthermore, in the ER groul

83Vo of the weight loss was fat mass, 1"7vo was fat-free mass. ADMR decreaser

significantly. Resting metabolic rate decreased in the ER group, even when taking intr

account the decrease of fat-free mass.In addition, the plasma concentration of the thyroir

hormone T3 decreased, while reverse T3 concentration showed an increase. Another healtl

aspect that can be affected by ER is the haemostatic system. From the results presented ir

Chapter 6, is can be concluded that ER lead to decreased plasminogen activator inhibito
type 1 (PAI-1) antigen concentration, as well as to decreased tissue-type plasminoger

activator (tPA) antigen concentration. These changes were more clear in those subjects witì
a high baseline PAI activity (> 9 IU/ml). As a high concentration of PAI-1 antigen has beer

associated with an increased risk for coronary thrombosis, these findings suggest that EI
beneficially affects fibrinolytic factors, at least in subjects with higher baseline PAI activity

The beneficial effects of ER on the ageing process has been hypothesized to proceed b'

lowering the production rate of free radicals þrobably secondary to a lower metabolic rate

and/or by the maintenance of (or enhancing) effective scavenging capacity of free radicals

Therefore, the effects of 10 weeks ER on the primary antioxidant defence system measurer

by the antioxidant enzymes superoxide dismutase (SOD), glutathione peroxidase (GSH-Px

and catalase, as well as on the antioxidant vitamins C, E, A and l3-carotene was assessed

In addition, oxidative damage, measured by the lipid peroxidation product malondialdehyd

(MDA), and the DNA-adduct 8-hydroxydeoxyguanosine (8OHdG), low-density lipoproteir

resistance of in-vitro copper mediated oxidation, and markers of genotoxicity were alsr

investigated. (Chapter 7). None of these parameters were found to be affected by 10 week
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of ER. However, this result does not exclude that ER affects the antioxidantþrooxidant
balance on the cellular level, nor that these parameters would not be affected by ER on the
longer-term.

This first study was performed under strictly dietary controlled conditions and does not
provide information about the feasibility to reduce the energy intake under .free living'
conditions. Therefore, a second study was executed under 'free living conditions, in which
the potential of reduced-fat products to reduce the energy intake was investigated. This
study was part of a multi-centre study, the MSFAT-study (i.e. lv[ulticentre gtudy on_EAT
reduction), on the health effects of consumption of reduced fat products. The control and
reduced-fat products were provided through a realistic shop in order to mimic a ,free living'
situation. The design of this 6 month parallel comparison trial has been described
extensively in Chapter 8. In the MSFAT-study the same parameters as in the first study
were measured. Realistic consumption of reduced-fat products lead to a significantly lower
energy intake as well as to lower percentage of energy derived from dietary fat as compared
to consumption of full-fat equivalents. However, this did not result in a change in the
coronary heaf disease risk markers PAI-1 antigen, tPA activity, fibrinogen concentration,
factor VII concentration and insulin sensitivity (Chapter 9). Since both energy restriction
as well as dietary fat intake might affect the antioxidative capacity, again, parameters that
reflect the antioxidantþrooxidant balance þlasma MDA, antioxidative vitamins lycopene,
p-carotene and cr-tocopherol, and erythrocyte free radical scavenging enzymes soD,
GSH-Px and catalase) were measured (Chapter 10). The results indicate that neither the
difference in energy intake, nor the decrease in vitamin E intake and a change in dietary
acid composition seemed to affect the prooxidant/antioxidant balance.

The results of these two studies are discussed in Chapter 11 in view of the following
questions:

- What is the potential of implementation of an ER-diet tenable for the longer term?
- what level of ER will be appropriate for the long term?
- how can an ER-diet, acceptable for the long term, be achieved in man?

- Does ER result in health benefits and/or health risks?
- Does short-term ER affect the antioxidant/prooxidant balance, a potential underlying

mechanism of the beneficial effects of ER, in man?
It has been concluded that from the studies described in this thesis it appears rhat3OVo ER
is not an acceptable longer-term strategy. This level of ER resultedinl17oweight loss, a
final BMI of 22.6 kg/m2 on average and beneficially affected several health status
parameters. A mild level of ER, i.e. approximately 107o, seems to be more feasible but this
did not result in changes in health parameters after L0 weeks, as can be assessed on the



basis of the control group who were mildly restricted in their energy intake due t
underreporting. Consumption of reduced fat products under 'free living conditions' di
reduce the percentage energy derived from fat to the recommended level but did not reduc
the energy intake when compared to baseline levels. However, energy intake wa

significantly lower during consumption of reduced fat products as compared to consumptio
of the full-fat equivalents. From these results it can be concluded that a feasible level of El
seems hard to implement as a long-term intervention under free living conditions. However
short-term effects of ER beneficially affected several health-status parameters which migl
at least affect the 'health'-span if these changes can be maintained for the longer term. Ou

study did not support the finding in animals that ER beneficially affects th
prooxidant/antioxidant balance. However, whether the prooxidant/antioxidant balance woul
be affected by longer term ER, or in older subjects, needs further investigation.
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Beperking van de energie inneming (energie restrictie; ER), bij een adequate voorziening
van essentiele nutriënten, vertraagt het verouderingsproces en verlengt de maximale
levensduur bij verschillende soorten proefdieren. ondanks dat er verschillende suggesties
zrjn gedaan is het onderliggende mechanisme nog steeds niet opgehelderd. De literatuur met
betrekking tot de effecten van ER op drie fysiologische systemen die mogelijk gerelateerd
zijn aan het verouderingsproces (verandering van het energie metabolisme, reacties door
vrije radicalen en antioxidatieve capaciteit, en het neuro-endocriene systeem) zijn
samengevat in Hoofdstuk 1. Uit de in dit hoofdstuk besproken literatuur kan het volgende
worden geconcludeerd:

1) bij zowel proefdieren als de mens leidt strenge energie restrictie tot een verlaging van
de ruststofwisseling, uitgedrukt als kJ per dag. Lange termijn ER, zoals bijvoorbeeld
beschreven bij een groep ondervoede arbeiders of bij anorexia nervosa patiënten,
resulteert eveneens in een afname van de metabole snelheid, en waarschijnlijk ook tot
een verhoogde metabole efficiëntie omdat bij deze mensen ook de ruststofwisseling
uitgedrukt als kJ per kg vet-vrije massa (= metabool actieve massa) verlaagd is.

2) bij proefdieren lijkt de activiteit van enzymen die vrij-radicalen neutraliseren
gedurende het verouderingsproces af te nemen. Bij beperking van de energie inneming
lijkt echter de vrij-radicaal opvangcapaciteit langer gehandhaafd of zelfs verbeterd
waardoor minder schadeprodukten ontstaan, hetgeen een rol zou kunnen spelen bij het
vertragen van het verouderingsproces. Helaas zijn er nauwelijks gegevens bekend over
de effecten van ER en veroudering bij de mens enerzijds en vrij-radicaal schade en
opvangcapaciteit anderzij ds.

3) de verandering van het neuro-endocriene systeem gedurende het verouderingsproces
uit zich in een verminderde functie van het sympatisch zenuwstelsel, afname van het
schildklier hormoon thyroxine (T4), afname van de geslachtshormonen, en een
verminderde glucose tolerantie. ER voorkomt de afname van T4, het mannelijke
geslachtshormoon testosteron en het vrouwelijke geslachtshormoon luteiniserings-
hormoon (LH). Dit fenomeen bevestigt de hypothese dat ER de functionele integriteit
van het hormonale systeem handhaaft.

Hoewel er weliswaar kwantitatieve verschillen zijn in het metabolisme tussen dier en mens,
lijkt het niet aannemelijk dat, ten opzichte van de bovengenoemde fysiologische systemen,
het effect van veroudering of ER verschilt tussen mens en dier. Om deze reden zou ER ook
het verouderingsproces bij de mens kunnen vertragen. Er is echter tot nu toe weinig
onderzoek gedaan naar de toepasbaarheid van ER als een interventie bij de mens om het
verouderingsproces te vertragen. Daarnaast zíjn er helaas nauwelijks gegevens over de
effecten van ER op het verouderingsproces bij de mens, noch over de accumulatie van
schadeprodukten, noch over de vrij-radicaal opvangcapaciteit.
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Een noodzakelijke voorwaarde om de mogelijke verouderingseffecten bij de mens l

onderzoeken, is het bestuderen van de mogelijkheden om bij de mens een aanvaardbar

energiebeperkte voeding te introduceren, en om hierbij te kijken naar eventue

gezondheidsrisico's of -winst. Het in dit proefschrift beschreven onderzoek werd daaror

gestart met een L2 weken durende studie (2 weken inloopperiode; L0 weken interventie) or

zowel de toepasbaarheid als eventuele gezondheidseffecten van een matige energiebeperkir

te bestuderen. Het niveau van energie inneming was gericht op 80Vo van de gebruikelijl

energie inneming (20%EF.), welke geschat was op basis van de 7-daagse opschrijfmethod

De resultaten van deze studie, uitgevoerd bij 24 gezonde mannen (35-50 jaar) zr.

beschreven in de Hoofdstukken 3 tlmT. Het gewichtsverlies in de ER groep gedurende <

L0 weken was aanzienlijk (-7.4 ! 2.6 kg; n=16), en er was geen tendens t

gewichtsstabilisatie. De proefpersonen in de controle groep verloren ook wat gewic

(-2.7 ! 2.1, kg; n=8). Tien weken ER had een gunstig effect op de bloeddruk en <

HDl-cholesterol concentratie, terwijl er geen negatieve effecten te zien waren op fysiek t

mentaal prestatievermogen, en gevoelens van honger en verzadiging en stemmil

(Hoofdstuk 3). Het effect op het fysiek prestatievermogen is uitgebreid beschreven

Hoofdstuk 4.Het maximale prestatievermogen nam in de ER groep af (4.3 x 13.6 Wat

deze verandering was significant verschillend van die in de controle groep (4.3 ! 5.9 Wat

Echter, de daling in maximaal prestatievermogen was niet gerelateerd aan h

gewichtsverlies. Het substraatgebruik tijdens submaximale inspanning veranderde niet do

ER. Hoofdstuk 5 beschrijft het effect van ER op energiemetabolisme I

lichaamssamenstelling in deze 24 mensen. Door gebruik te maken van tweevoudig gemet

water is bij 8 proefpersonen in de ER groep het totale energiegebruik gemeten. Uit de

meting bleek dat de gerapporteerde energie inneming slechts 82.5% van het tota

energiegebruik gedurende de inloopperiode bedroeg. Als gevolg van deze onderapportal

was de opgelegde ER geen 207o maar 33%.Her gewichtsverlies in de ER groep bleek vo

ca.83% uit verlies aan vet-massa en voor ca. \'77o uit vet-vrije massa. Het tot¿

energiegebruik daalde significant evenals de ruststofwisseling, ook wanneer de laat¡

gecorrigeerd werd voor de verandering in vet-vrije massa. De plasmaconcentratie van I
schildklierhormoon T3 vertoonde een significante daling, terwijl de concentratie van t
reverse-T3 een stijging vertoonde. Een ander gezondheidsaspect dat werd bestudeerd is

haemostase. Uit de resultaten weergegeven in Hoofdstuk 6 kan worden geconcludeerd c

ER leidde tot een afname in de plasminogeen activator inhibitor type 1 (PAI-1) antig

concentratie en in de weefseltype plasminogeen activator (tPA) antigen concentratie. De

verandering was het meest uitgesproken in personen die bij aanvang van de studie een ho

PAI activiteit (> 9 IU/ml) hadden. Omdat een hoge PAI-I antigen concentratie als e

risicofactor voor coronaire hartziekten wordt beschouwd, suggereren deze resultaten dat I
een gunstig effect heeft op fibrinolysefactoren bij personen met een hoge PAI activiteil
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Een hypothese om het gunstige effect van ER op het verouderingsproces te verklaren is dat
dit effect gemedieerd wordt door verlaging van de produktie van vrije radicalen, secundair
aan een verlaagd metabolisme, enlof door handhaving (of verbetering) van de
opvangcapaciteit van vrije radicalen. Daarom werd het effect van 10 weken ER op het
primaire antioxidant systeem onderzocht, i.e. zowel de activiteit van de antioxidant enzymen
in erythrocyten (superoxide dismutase, SOD; glutathion peroxidase, GSH-px; en catalase)
als de concentraties van antioxidant vitaminen in plasma (C,Au E en p-caroteen). Daarnaast
werden oxidative schadeprodukten zoals het tipid peroxidatie produkt malondialdehyde
(MDA) en het DNA-adduct 8-hydroxydeoxyguanosine (soHdG) gemeten, en werden
genotoxiciteits-markers en de oxideerbaarheid van het low density lipoproteine bepaald.
Geen van deze parameters veranderden onder invloed van 10 weken ER (Hoofdstuk 7).
Deze resultaten sluiten echter niet uit dat er geen verandering in de prooxidant/antioxidant
balans heeft plaatsgevonden op cellulair niveau, of dat de gemeten parameters niet
beïnvloedt worden na lange termijn ER.

Deze eerste studie werd uitgevoerd onder streng gecontroleerde omstandigheden en geeft
daarom geen informatie over de toepasbaarheid van ER in een 'vrij-levende, situatie.
Daarom werd een tweede studie uitgevoerd als onderdeel van de MSFAT-studie
(lV[ulti-center $tudie naar vet (fat) reductie), een studie naar de gezondheidseffecten van
laag-vet produkten. De controle (vol-vet) produkten en de laag-vet produkten werden
verstrekt via een speciaal hiervoor ingerichte winkel. De opzet van deze 6 maanden durende
studie is beschreven in Hoofdstuk 8. In de MSFAT-studie werden dezelfde parameters
gemeten als in de eerste studie dat beschreven is in dit proefschrift. Consumptie van
laag-vet produkten leidde tot een significant lagere energie inneming en een lagere bijdrage
van vet aan energie in vergelijking met consumptie van de vol-vet controle produkten.
Echter, dit resulteerde niet in een verandering in gemeten risicofactoren voor hart- en
vaatziekten, PAI-1 antigen, tPA activiteit, fibrinogeen concentratie, Factor VII concentratie
en insuline gevoeligheid (Hoofdstuk 9). omdat zowel energiebeperking als
vetzuursamenstelling in de voeding de antioxidant status kunnen beinvloeden werd ook in
deze studie een aantal parameters bepaald die betrekking hebben op de
antioxidant/prooxidant balans (plasma MDA, de antioxidanten lycopeen, p-caroteen en
cr-tocopherol' en antioxidant enzymen SOD, GSH-Px en catalase in erythrocyten) gemeten.
Op basis van de resultaten werd geconcludeerd dat noch het verschil in energie inneming,
noch de afname in vitamine E inneming noch de verandering in vetzuursamenstelling in de
voeding de prooxidant/antioxidant balans beinvloeden (Hoofdstuk 10).

De resultaten van deze twee studies worden bediscussieerd in Hoofdstuk 11 aan de hand
van de volgende onderzoeksvragen:
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- Wat is de mogelijkheid om een energiebeperkt dieet bij de mens te introducere

zodanig dat het aanvaardbaar is voor de lange termijn?

- welk niveau van ER kan gedurende lange tijd volgehouden worden?

- hoe kan een aanvaardbaar niveau van ER bereikt worden bij de mens?

- Resulteef ER in gezondheidsrisico's of gezondheidswinst?

- Beinvloedt ER de antioxidantþrooxidant balans, en worden de gunstige effecten va

ER op het verouderingsproces via dit systeem gemedieerd?

Uit de studies beschreven in dit proefschrift kan worden geconcludeerd dat30% ER in iedr

geval geen acceptabele en na te streven optie is voor de lange termijn omdat stabilisatie o

een nieuw energiebalans onrealistisch lijkt. Dit niveau van ER resulteerde na 10 weken i

gemiddeld l0% gewíchtsverlies en een Body Mass Index (BMI) van 22.6 kg/m2. Wr

werden op korte termijn verschillende gezondheidsparameters gunstig beïnvloedt. Korl

termijn ER zou daarom de 'gezondheidsduur' kunnen verlengen indien deze veranderinge

gehandhaafd blijven voor de lange termijn nadat de proefpersonen gestabiliseerd zoude

worden op de aan het eind van de 1"0 weken bereikte BMI. De controle groep ondergin

als gevolg van onderrapportage een milde vorm van energie beperking. Deze milde energì

beperking, ca. 10% ER, lijkt voor de langere termijn meer acceptabel, maar leidde op korl

termijn niet tot veranderingen in gezondheidsparameters.

Door consumptie van laag-vet produkten onder 'vrij-levende' omstandigheden wer

het percentage energie uit vet verlaagd tot een aanbevolen hoeveelheid, maar de energì

inneming werd niet lager in vergelijking met de uitgangswaarden. Echter, de energi

inneming was wel lager in de groep die laag-vet produkten consumeerden dan in de groe

die de overeenkomstige produkten met een hoog-vet gehalte consumeerden.

Uit deze twee studies kan worden geconcludeerd dat een aanvaardbaar niveau van E

moeilijk is vast te stellen en als een lange termijn interventie te implementeren ondr

vrij-levende condities met als doel het verouderingsproces te vertragen. Onze studit

bevestigden niet de bevinding bij dieren dat ER de prooxidant/antioxidant balans gunsti

beïnvloedt. Of deze balans wel te beïnvloeden is door lange termijn ER of in oudel

proefpersonen vereist nader onderzoek.
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