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THE EFFECT OF HABITUAL SNACKING ON DIET-INDUCED
THERMOGENSIS IN YOUNG WOMEN

HIDEYUKI TOBE

Abstract

This study investigated the effect of habitual snacking on the diet-induced thermogenesis (DIT)

in non-obhese young women. Thirteen women aged 18~23 yrs old were divided into two groups:

group one was of six women who consumed snacks ; candy, cookies, chocolate, etc., “very frequently”

between meals almost everyday, group two was of seven women who seldom consumed snacks. The
BMI of both groups were matched (19.7i1.0kg/mz). The DIT was measured 5 h after ingestion of
a meal (2220 k]=531 kcal) using the Douglas bag technique. Each subject had their DIT measured on

eight occasions to obtain average DIT values because DIT had large intra-individual variability.

Indeed, each subject's DIT values were markedly different (the mean intra-individual CV=239.6%).

There was no significant difference between the two groups in percentage of body fat, resting meta-
bolic rate (RMR), or RMR/body weight. The mean value of DIT (4+SD) of group one (6.4+1.2%)
was lower than that of group two (7.8£0.9%) (p<<0.05). Also, the main effects of the groups and

the time after ingesting the test meal on postprandial energy expenditure were significant (two-way
ANOVA : p<0.001), but the interaction between the group and the time after ingesting the test meal
was not significant. In conclusion, eating habits with habitual snacking blunt DIT in young women.

(Jpn. J. Phys. Fitness Sports Med. 2003, 52 : 249~254)
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INTRODUCTION

Not only excessive energy intake, but also de-
fective regulation of energy expenditure, is
thought to be a responsible factor in human obes-.
ity. So, investigators have studied the factors of
energy expenditure such as resting metabolic rate
and diet-induced thermogenesis (DIT), which is
defined as the increase in energy expenditure in
response to food intake. Despite the fact that DIT
is a minor fraction of total energy expenditure ( 3
~10%), blunted DIT is supposed to play a role in
development and/or maintenance of human obes-
ity]).

Although the clinical application of improving
DIT for obesity is expected, the role of DIT on
weight regulation is still controversial. Several
cross-sectional studies indicated that DIT is

blunted in obese groupsz~4), but others did not

6>. Also, there are some con-

show a relationships'
flicting results for the effects of weight loss on
DIT. Maffeis et al.”) showed that DIT increased
after a 5kg-weight loss in obese children, and
Thorne et 3148> showed similar results after an 18
kg-weight loss by gastric banding. On the other
hand, Garrow et al.? and Nichols et al.'? indi-
cated that DIT decreased inversely after weight
loss. This disagreement in the results might be re-
lated to the high intra-individual DIT variabil-
ityll). A more accurate estimation or higher sta-
tistical power should be obtained by repeating the
measurements for each subject.

Several investigators have experimentally stu-
died the effect of meal frequency on DI’I‘M‘l3> and
circadian variation in DIT'. Few studies have
ever been done about the effect of daily eating
habits such as snacking between meals. The pur-

pose of this study is to investigate the effect of
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habitual snacking on the DIT using data measured

repeatedly for each subject.

Subjects and Methods
Subjects

Fourteen women aged 18~23y were selected as
subjects through an interview about their eating
habits, habitual exercise, and BMI for the purpose
of forming two groups. However, one subject could
not complete the whole study, so data from thir-
teen women was eventually used. Group one was
of six women who ate snacks between meals
(candy, cookies, chocolate, etc.) “very frequently”
almost everyday ; they were almost always car-
rying candies, chocolates, and so on with them,
and frequently eating them. Group two was of
seven women who setdom ate snacks. All women
were normal weight and the mean BMIs of the two
groups were strictly matched to evaluate the effect
of eating habits independent of BMI. Three women
(one was in group one, two were in group two)
were playing less intense recreational sports once
or twice a week; the others did not exercise reg-
ularly. The exercise routine of subjects was not
considered 1n the analysis because there was no
unique trend in thermogenesis between the women
playing sports and the ones who didn't. None of
the subjects had a history of endocrine or metabo-
lic disorders, nor did they take any drugs. Each
woman was given an oral and written explanation
of the study and possible risks and henefits in-
volved before they signed an informed consent

form.

Experimental Protocol

Subjects were instructed to abstain from vigor-
ous physical activity and insufficient sleep the
day before the experiment, and to finish their
evening meal at least 12 h before the DIT
measurement. The subjects were asked to come to

the laboratory by train or car, and to walk slowly

to the test room.

On arrival at the laboratory between 8:00 and
9:00 a. m., the subjects were instructed to rest in
the supine position in the environmentally control-
led room in which the temperature was kept at 24
~26T. After 30 min of rest, the subjects were
placed in a semirecumbent position, and the rest-
ing metabolic rate (RMR) was measured for 30
min by indirect calorimetry for the baseline
measurement. The expired gas was collected in a
Douglas bag through a facemask. After this
measurement, subjects were served a test meal,
which consisted of bread, butter, cheese, and milk.
The energy provided was 2220 kJ (531 keal), with
15% of the energy from protein, 36% from fat, and
49% from carbohydrates. The test meal was con-
sumed within 30 min. After ingestion of the meal,
the gas mask was replaced and postprandial ener-
gv expenditure was measured for 20 min followed
by 20min non-gas collecting period: these were
continued for 5 h, for a total of 8 measurements
({20 +20) X8). Subjects were instructed to re-
main awake and motionless in the same semire-
cumbent position throughout the measurements,
but reading or watching TV were permitted.

The collected expired gas was analyzed for ox-
vgen and carbon dioxide concentrations with a gas
analyzer (NEC Medical Systems. Inc., Tokyo) that
used a polarographic electrode method for oxygen
and infrared gas analysis for carbon dioxide.
Calibration for oxygen and carbon dioxide was
done with 100% nitrogen for the zero point and
with a reference gas (mixture of 16.2% Os and
5.0% CO»). The gas analyzer was checked by the
nitrogen and the reference gas before every Oy
and COs analysis of expired gas. The volume of
gas was measured by a gas meter using a pump
for aspirating it in equal velocity {rom the Doug-
las bag. The energy expenditure was calculated by
Weir's equationm. The cumulative increase of

energy expenditure over O hours after meal inges-
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tion was determined from the area under the cur-
ves of the energy expenditure using the pre-meal
RMR as the baseline. The values of non-gas col-
lecting periods were interpolated as means of be-
fore and after gas collecting period. The DIT was
expressed as a percentage of the test-meal energy
load.

Each subject was measured eight times accord-
ing to the same procedure described above. All ex-
periments were executed during three months.
Height, body weight, and percentage of body fat
were measured after each measurement of DIT.
The bioelectric impedance method (Tanita TBF-
511, Tokvo) was used for percentage of body fat
measurement. Subjects were asked to maintain
their body weight during the experiment period.
The means of body weight, BMI and percentage of
body fat of both groups did not change during the
experimental period. The difference in DIT be-
tween groups was assessed by the t-test using the
mean values of the eight measurements as each in-
dividual's data. The energy expenditure after meal
ingestion was analyzed by using a two-way analy-
sis of variation (ANOVA); the main effects of the
groups and the time after meal ingestion, and the

interaction between the two factors.

Table 1.

Results

Table 1 shows the characteristics of the sub-
jects. The WT, BMI, and percentage of body fat
were not different between both groups. The mean
(+SD) of BMI was 19.7 + 1.0kg/m” in both
groups.

There were marked differences in individual
measured DIT values ; intra-individual CV varied
from 13.8% to 84.1%. The mean intra-individual
CV of all subjects was 39.6%. On the other hand,
the reproducibility of baseline RMR was relatively
good ; the mean intra-individual CV was 6.5%.
Table 1 shows the differences in the metabolic
indices between the groups. The mean RMR of
group one was 5381 = 510 kJ/day and that of
group two was 5286+ 602 kJ/day. There was no
significant difference between the groups in the
RMR, RMR/WT, or RMR/FFW.

The mean DIT of group one was 6.4+1.2% as
a percentage of energy of the test meal and that of
group two was 7.820.9%, which is a significant
difference (t-test: p<<0.05). The differences
in DIT/WT and DIT/FFW were not significant.
Figure 1 shows the change of energy expenditure
after the test meal. The energy expenditure of

group one (seldom snaking) increased rapidly

Means and standard deviations of the physical characteristics and metabolic

indices of subjects. Differences between the groups were examined by the t-test.

Group 1 (n=6)

Differences

Group2 (n=7)

between groups

(Snacking) (Seldom snacking)

Physical characteristics

Body weight: WT (kg) 494 +£4.0 50.0 £5.0 ns
Body mass index: BMI (kg/m?) 19.7 £1.0 19.7 £1.0 ns
Percent of body fat: %fat (%) 26523 248 +£2.6 ns
Fat-free weight: FFW (kg) 363 +2.2 375 £2.6 ns
Metabolic indices
Resting metabolic rate: RMR (kJ/d) 5381 £510 5286 + 602 ns
RMR/WT (kJ/kg) 108.8 +4.7 106.1 £103 ns
RMR/FFW (kJ/kg) 148.1 £ 8.3 1412 +14.8 ns
Diet-induced thermogenesis: DIT (%) 6.4 +12 7.8 £09 p<0.05
DIT/WT 0.13 £0.03 0.16 £0.02 ns
DIT/FFW 0.18 £0.03 021 +0.03 ns

ns : not significant
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Figure |.

The increase of postprandial energy expenditure measured 5 h after the nges-

tion of the test meal. The data are shown as mean £SEM of group 1 (snacking) an
2 (seldom snacking). The main effect of the qroups (F=39.9. p<0.001) and the time
after meal ingestion (F=63.1, p<0.001) were significant. however the interaction bet-
ween the two factors was not significant (IF=0.4, p>0.05) by the two-way ANOVA.

alter the meal, it reached the peak at 50 min and
decreased gradually toward baseline after that.
The energy expenditure of group two (frequently
snacking) changed similarly to group one, but it
ran under that of group one. The two-way analy-
sis of variance (ANOVA) indicated that the main
=39.9, df=1,p<0.001)
al (F=63.1,d(=7p<

0.001) were significant, but the interaction he-

effects of the groups (F

and the time after me

tween the two factors was not significant (F=0.4,

df=7p>0.05).

Discussion

Large intra-individual CVs of DIT have been
reported so far (23~48% by a ventilated-hood' "
) 6r a metabolic chamberm). The reproducibil-
ity in this study was also low (39.6%). However,
by repeating measurements for individuals and us-
ing the mean value, relatively good precision was
obtained :ic, the SEM (standard error of the

mean) of individual DIT was20.9% as the per-

centage of the test-meal energy load on average.
Most studies about the effect of eating patterns
on DIT have been executed in an experimental set-
ting. The effect of meal frequency when total meal
size is constant is especially interesting, LeBlanc
et al.'? showed the enhanced DIT in four small
meals compared with one large meal with the same
total caloric content, and said that the enhanced
DIT in four small meals was due to lipid mobiliza-
tion caused by repeated stimulation of the sym-
pathetic nervous svstem. Tai et al.'® examined
the effect of frequency on DIT using the similar
protocol as LeBlanc et al."™ | but they found that
DIT was significantly higher when the one large
meal was taken than when the same meal was
taken in six portions at 30-min intervals.
YoungmJ and Molnar™" also observed enhanced
DIT in one large meal compared with two or three
small meals with the same total caloric content. re-
spectively. Kinabo and Durnin'?’ could not find a
significant effect of meal frequency on DIT. Even

though the findings are not consistent. they sug-
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gest that the DIT might be lowered by increasing
the frequency of meals even if the total caloric
content is the same.

As far as I know, there is little information
about whether habitual snacking affects DIT re-
sponse or not. In the present study, significantly
lower DIT was observed in women who habitually
ate snacks compared with women who seldom did
(Table 1). The results indicate the possibility that
DIT could be lowered by increased snacking. The
interaction between the group and the time after
ingestion of the test meal was not detected.

There are studies suggesting that change in DIT
might be related to activity in the sympathetic
nervous system (SNS)21~23>. Schwartz et al.zzl)
reported that reduced DIT was associated with
biunted SNS response to meals in older subjects.
Bazelmans et al‘zS> found the response to over-
feeding of norepinephrine (NE) is blunted in sub-
jects with obesity of childhood onset. Also, Wel-

leze)

said that the thermogenic effect of nore-
pinephrine accounted for approximately 20% of
DIT using pharmacologic blockade of nore-
pinephrine. These results suggest that the SNS in-
duced increase in energy expenditure accounts for
at least part of DIT. However, other authors could
not find the effect of SNS on DIT***) For exam-

2 stimulated SNS activity in the

ple, Tappy et al
post-absorptive state by lower body negative
pressure, and observed an increased plasma NE,
but no significant effect on postprandial energy
expenditure. The SNS activity by ingestion of nut-
rients might represent an important factor deter-
mining the magnitude of DIT, however no informa-
tion was available on SNS activity in the present
study. Further study is needed to clarify the
effect of daily eating habits on DIT and the hiolo-
gical factor mediating them.

In conclusion, despite the high intra-individual
variability of DIT, the data from repeated

measurements on individuals suggested that habi-

tual snacking decreased the DIT in non-ohese
young women.

(Accepted Feb. 27, 2003)
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