A. Zerva'

G. P. Nassis™-?

M. Krekoukia'
G. Psarra’

L. S. Sidossis'

Zeitschrift  )SM sm518 Satzbetrieb Ziegler + Miiller
AK-PDF tt.mm.jj Verlag Thieme/Hentze
ef-Upload  tt.mm.jj Datum 07.08.2006

Effect of Eating Frequency on Body
Composition in 9-11-Year-Old Children

Abstract

The aim of this study was twofold: a) to examine the association
between eating frequency and body composition in children, and
b) to identify possible factors that may explain this relationship.
Body composition (anthropometry) and dietary intake (3-day
food records) were assessed in a cohort of 151 children. After ex-
cluding the underreporters (n=20), data from 131 children (66
boys and 65 girls) aged 9.9 + 0.1 yr with a BMI of 19.6 + 0.4 kg/m?
(means * se) were used for further analysis. Children were cate-
gorized in tertiles based on the daily number of eating episodes.
Physical activity was assessed in a subgroup of 48 volunteers
with 4-day accelerometry (RT3, Stayhealthy Inc., Mcity, state,
USA). The number of eating episodes was inversely associated
(p<0.05) with the sum of skinfolds (r=-0.17) and % body fat

(r=-0.18) after controlling for age and sex. Frequent eaters pres-
ented lower total (p <0.05) and central adiposity (p <0.01) com-
pared with the infrequent ones. This was despite the fact that
energy intake was higher for the frequent eaters (2077.0 £ 64.3
vs. 1813.0 £ 37.8 kcals/day for the frequent and the infrequent
eaters, respectively, p <0.05). Actually, frequent eaters devoted
more time to physical activity than infrequent ones (624.7 +
13.5 vs. 559.2 £ 23.1 min/day, p < 0.05). In conclusion, high eating
frequency was associated with more favorable body composition
in this cohort of school children. Increased energy expenditure
due to physical activity may, at least in part, explain the favorable
body composition of children who eat frequently.
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Introduction

Childhood obesity has increased dramatically over the past dec-
ades [37]. Pediatric obesity prevention has become a top priority
for public health, since obesity is associated with insulin resis-
tance, diabetes and other risk factors for cardiovascular diseases
in adulthood, such as hypertension and dyslipidemia [2]. Among
others, a high number of eating episodes has been proposed as a
factor associated with increased body weight and fat [6,9,28].

Since the early study of Fabry et al. [9], conflicting data appear in
the literature on this issue, with some studies reporting no rela-
tionship between meal frequency and body composition and
others suggesting that a nibbling meal pattern may help in the
avoidance of obesity [5,6,29,34,36]. The contradictory views
could be, at least in part, a matter of methodology. Underreport-
ing is one possible reason and might have significantly influ-
enced the final conclusions in previous studies. Of those studies
that accounted for underreporters, two reported a lack of associ-
ation [5,34] and two others found a negative relationship be-
tween meal frequency and body composition [6,36].
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A number of studies investigated the factors that may explain the
negative association between meal frequency and body compo-
sition in adults [1]. For instance, Kinabo and Durnin [ 18] reported
no effect of increased meal frequency on the thermic effect of
food and the basal metabolic rate, while Kirk [19] suggested that
a higher carbohydrate to fat intake ratio might explain the favor-
able body composition of frequent eaters. It is worth noting that
very limited information exists on the association between meal
frequency and body composition in children 9-12 years old
[9,30] and, to our knowledge, no data exist on the factors that
might contribute to this relationship.

The aim of this study was twofold: a) to examine the association
between eating frequency and body composition in school chil-
dren, and b) to identify possible factors that may explain this re-
lationship.

Methods

Subjects

One hundred and fifty-one 9 - 11-yr-old children (9.9 + 0.1; mean
t s.e.), all living in Athens, Greece, volunteered for this study.
Children were from a large school complex and their overweight
and obesity rates were similar to the national data [22]. Actually,
24.5% of these children were overweight and obese, 7.4% were
underweight and 67.2% had normal body weight. Parents of all
children were informed of the study before they signed the in-
formed consent for their children to participate. Overweight
and obesity were defined according to age- and sex-specific cut-
offs for body mass index (BMI) [4]. BMI age- and sex-specific cut-
off values were also used for the underweight definition [25].
The study was approved by the Harokopio University’s ethics
committee.

Anthropometric measures

Body mass was recorded with an accuracy of 0.1 kg with a digital
scale (SECA, Mcity, Germany). Subjects were weighed without
shoes, in their lightest clothing. Standing height was measured
without shoes to the nearest 0.5 cm with the use of a stadiometer
(SECA, Mcity, Germany). Body mass index was calculated as mass
(kg) divided by height squared (m?). Skinfold thickness was
measured at four sites (triceps, biceps, subscapular and suprail-
iac) on the right side of the body [13]. Each skinfold was measur-
ed twice, by the same investigator, with a Lange caliper (Beta
Technology Inc., Mcity, UK). If the readings differed by > 1 mm, a
third measurement was taken. Trunk to extremity ratio (TER), an
index of body fat distribution [17], was calculated by dividing the
sum of central (subscapular, suprailiac) with the sum of periph-
eral skinfolds (triceps, biceps). Percent (%) body fat was esti-
mated from triceps and subscapular skinfolds [33] from which
fat mass and fat free mass were calculated.

Dietary assessment

Dietary intake was assessed with 3-day food records collected
from children with their parents’ assistance. All subjects were
provided with a dated diary and were instructed by a nutritionist
on how to keep a record of the amount and type of food con-
sumed on three consecutive days, either from Thursday to Satur-
day or from Sunday to Tuesday. Great care was taken to record
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the time, amount, and the preparation method of the consumed
food items. An estimate of portion size for the most commonly
consumed food items was made by using sets of photographs de-
picting the relevant foods. When necessary, the nutritionist
checked and completed the records in a personal interview with
each subject or parent. Total energy intake, amount and % of total
energy intake from carbohydrates, fats and proteins were calcu-
lated using the Nutritionist V program (First DataBank, Version
1.0, Mcity, state, USA) adapted for Greek foods.

Underreporters were identified using the energy intake (EI) to
predict the basal metabolic rate (BMR) ratio (EI/BMR) and the
age- and sex-specific cutoff values [32]. BMR was estimated ac-
cording to Schofield [31] equations. The cutoff values for E[/BMR
were 1.04 for boys and 1.01 for girls [32]. Underreporters (n=20
[6 obese and 14 normal; 6 boys and 14 girls]) with mean age
10.5+0.2 (range: 8.9-11.3) yr, BMI 24.2 + 0.9 (range: 16.8-30.7)
kg/m?, and caloric intake 1385 +49.7 (range: 903 -1671) kcals/
day were excluded from further statistical analyses. Accordingly,
data from 131 children were used in the analysis (66 boys and 65
girls). Youths were categorized in tertiles according to the daily
number of eating episodes. This grouping was done separately
for boys and girls, but data were also treated irrespectively of
gender due to the small sample size. The upper tertile (IIl or
3rd) describes the frequent eaters and the lower tertile (I or 1st)
the non-frequent eaters. The border values, the median and the
range for each tertile, irrespective of gender, were: lower (1st)
tertile: <4.1 eating episodes (median: 3.6, range: 2.5-4.1); mid-
dle (2nd): 4.2-5.4 (median: 4.8); upper (3rd): >5.5 episodes
(median: 6, range: 5.5-8). Eating frequency was calculated for
each child as the mean daily number of eating episodes (includ-
ing all meals and snacks) derived from the three days of observa-
tion. In order for a reported intake to be classified as an eating
occasion, it had to be separated from the preceding or following
eating event by at least 15 min and provide at least 50 kcals [12].
Meals were defined as the three main eating events - at morning
(breakfast), midday (lunch) and evening (dinner)- whereas
snacks were defined as smaller and less structured than meal
eating events that were consumed at times other than meals
[11]. The reproducibility of food records for measuring eating fre-
quency was checked in a subgroup of 32 children (r=0.95).

Physical activity assessment

Physical activity was assessed in a subgroup of 48 subjects (age:
10.1£0.1 yr, BMI: 19.9 £0.8 kg/m?, caloric intake: 2037.8 +60.7
kcals/day; 24 boys) who volunteered to use the triaxial acceler-
ometer (RT3, Stayhealthy, Inc., Mcity, state, USA). The accelerom-
eter is a small (7.7 x 5.5 x 2.7 cm), light-weighted (65.2 g) device
that records the body’s acceleration in the 3 axes. Accelerometer
is initialized and downloaded via a computer interface and has
no external controls that can be manipulated. The software pack-
age for the RT3 provides minute-by-minute activity counts for
each of the three dimensions, as well as the vector magnitude.
From these data, daily sedentary time and total physical activity
were calculated. The accelerometer was stored in a belt, which
the children wore around their waist from the time they got up
in the morning until they went to bed at night, except for bathing
and showering for 3 weekdays and 1 weekend day. These days
coincided with the application of food diaries. Children also re-
corded in a diary the time when the monitor was attached and
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Table 1 Anthropometric characteristics of the children placed in tertiles according to the daily number of eating episodes

Tertile | Tertile Il Tertile Il

Boys Girls All Boys Girls All Boys Girls All

n=20 n=23 n=43 n=24 n=20 n=44 n=24 n=20 n=44
Age (yr) 9.7+0.2 10.0+0.2 10.0+0.2 10.0+0.2 9.8+0.2 10.0+0.2 9.7+0.2 9.9+0.2 9.7+0.1
Body mass (kg) 39.8+£2.4 444126 424+£1.8 38.7£2.6 37.8£2.0 383£1.7 39.1+£2.2 36.5+£2.2 379+£1.5
BMI (kg/m?) 19.8+1.0 21.4+1.0 20.9+0.7 18.9+0.8 19.2+0.9 19.0+0.6 20.1£0.8 18.8+£0.9 19.5+0.6
Body fat (%)* 25.0+2.9 29.1+£2.6 27.3+2.0 21.9+2.1 23.5+1.9 226+14 23.9+1.9 20.8+1.7 225%1.3
Sum of 54.8+8.4 73.3£8.6 65.1£6.0 47.2+6.0 54.4+6.3 50.0+2.5 53.5+5.8 453+4.9 50.0+2.0
4 skinfolds (mm)"
Fat mass (kg) 11.0+1.9 14.1+1.9 12.7+1.4 9.6+1.6 9.5+1.3 9.6+1.0 10.2+1.4 7.8+0.8 9.1+0.9
Fat free mass (kg) 28.8£1.0 303£1.1 29.7+£0.8 29.1£1.1 28.3+0.8 28.7£0.7 28.9+0.9 28.7+£1.8 28.8£1.0
FFM/body mass’ 0.75+0.03 0.71+£0.02 0.73+0.02 0.78+0.02 0.76+0.02 0.77+0.02 0.76+0.02 0.79+0.02 0.78%0.01

Values are means + SE; tertile | =infrequent eaters; tertile Il = frequent eaters; FFM = fat free mass; BMI = body mass index; * p<0.05 for the effect of eating episodes
number when all children were considered as a group; T p = 0.066 Btertile Il not menmtioned?

removed each day. The mean value for the 4 days was calculated
for each child. In particular, activity counts less than 100 per
minute indicated sedentary behavior, whereas a number higher
than 100 counts/min indicated physical activity [8]. Before data
collection, accelerometers were calibrated with the use of a cali-
brator provided by the manufacturers. The validity of the triaxial
accelerometer in measuring physical activity in children is high
when compared with doubly labelled water [14].

Statistical analysis

All parameters were normally distributed and, therefore, associ-
ations were tested with the Pearson correlation coefficient after
controlling for age and sex. Analysis of covariance (ANCOVA),
with age and sex as covariates, and a Tukey test were employed
to assign specific differences between tertiles of eating episodes,
snacks and meals. Gender differences were also evaluated with
an ANCOVA, using age as a covariate. The normality of distribu-
tion and the ANCOVA were performed with the Statistica package
(Version 5.0, Mcity, state, USA), whereas correlations were per-
formed with the SPSS (version 10.0 for Windows). Significance
level was set at 0.05. Data are presented as means = se.

Results

The anthropometric characteristics of the subjects placed in the
three tertiles, according to the number of their daily eating epi-
sodes, are shown in Table 1. Number of eating episodes had a sig-
nificant impact on % body fat (p < 0.05, Table 1). Trunk to extrem-
ity skinfold ratio was also lower, indicative of lower central obe-
sity, in the second and the third compared with the first tertile
(p<0.01, Fig.1). The number of eating episodes was inversely
associated (p < 0.05) with the sum of skinfolds (r=-0.17) and %
body fat (r=-0.18), after controlling for age and sex.

The favorable body composition and body fat distribution was
evident in the frequent eaters despite their higher energy intake
(2077.0 £ 64.3 vs.1813.0 + 37.8 kcals/day, for the frequent and the
infrequent eaters, respectively, p < 0.05, Fig. 2). Percent carbohy-

drate intake was higher, whereas percent of fat intake was lower
in the children in the upper compared with those in the lower
tertile (CHO intake: 47.0+£0.5 vs. 43.3+0.6% and fat intake:
38.8+0.5 vs. 42.1+£0.5% for the 3rd and the 1st tertile, respec-
tively, p < 0.05). Accordingly, the carbohydrate to fat intake ratio
was higher in the frequent eaters (p < 0.05, Fig. 2). Total physical
activity was also higher in the frequent eaters than in the infre-
quent ones (624.7 £13.5 vs. 559.2 +23.1 min/day, respectively,
p <0.05, n=48, Fig. 3). Physical activity was associated with low-
er % body fat (r=-0.34, p<0.05) and TER (r=- 0.50, p< 0.01). No
difference was detected between boys and girls with regard to
body composition, energy intake and physical activity when chil-
dren were categorized according to the number of eating epi-
sodes (Table 1 and Fig.1 to 3). Finally, frequent snackers present-
ed a body composition similar to the infrequent ones, but the for-
mer group spent more time in physical activity (p < 0.01) that the
latter one (Table 2).

Discussion

The main finding of this study was that an increased number of
eating episodes was associated with lower total and central
adiposity in this cohort of 9-11-yr-old children. This occurred
despite the higher energy intake of the frequent eaters compared
with the non-frequent eaters. Elevated physical activity of the
frequent eaters may, at least partially, explain these findings. To
the authors’ knowledge, this is the first study to suggest that
physical activity may explain the beneficial effect of frequent
eating on body composition in children. This effect was investi-
gated by examining physical activity with accelerometry in a
subgroup of these children and by excluding the underreporters
from the analysis.

The negative association between eating frequency and body
composition in the present study is in agreement with early data
of Fabry et al. [9], but in contrast with those presented by Ruxton
et al. [30]. It is worth noting that none of the above studies elim-
inated the underreporters from their analysis. A number of stud-
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Fig.1 Trunk to extremity skinfold ratio for the 9-11-year-old children

placed in tertiles according to the number of eating episodes (means
+SE; n=47). ** p<0.01 in comparison with tertile I; tertile |=infre-
quent eaters; tertile Ill = frequent eaters. Wtertile Il not menmtioned?

ies in adults show either an inverse or a lack of association be-
tween meal frequency and body fatness [6,7,16,23,29,34,36].
However, at least three of these studies have been criticized be-
cause they did not account for the underreporters [7,16,23]. Of
the studies that excluded underreporters, two found an inverse
association [6,36] and one study reported no relationship be-
tween eating frequency and obesity [34]. In the present study,
underreporters were excluded and this strengthens our findings.
Underreporting in the present study (13.2%) was higher than
that reported for a European sample of 6 - 13-year-old boys and
girls (2 and 3%, respectively) [32].

The beneficial effect of increased eating frequency on body com-
position was evident despite the higher caloric intake of the fre-
quent eaters in this cohort of children. This means that energy
expenditure should have been elevated in the frequent eaters to
compensate for their increased energy intake. From the energy
expenditure components, thermic effect of food (TEF) has been
shown to be elevated with the increasing number of eating epi-
sodes in some [21] but not all studies [18]. However, energy ex-
penditure from TEF is only a small portion of daily energy expen-
diture and therefore it could not explain the lower body fat mass
of the frequent eaters compared with the infrequent eaters in the
present study. Energy expenditure due to physical activity and
basal metabolic rate account for 15-30% and 60-70% of the to-
tal daily energy expended, respectively. To our knowledge, no
study has examined the difference in physical activity levels be-
tween children who are frequent and non-frequent eaters. In
adults, the pattern of food intake may have no effect in daily en-
ergy expenditure, as previously suggested [35].

In the present study, total physical activity was higher in the fre-
quent eaters and this could, at least partially, explain their favor-
able body composition compared with the infrequent eaters. The
results of this investigation cannot make a suggestion on the
possible physiological mechanism behind these findings. It has
been suggested that elevated physical activity may prevent an
increase in body weight and body fat by promoting the develop-
ment of lean body mass [6]. Indeed, a 6% increase in lean body
mass has been shown after 12 weeks of exercise training in chil-
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Fig.2a and b Daily energy intake (a) and carbohydrate to fat intake
ratio (b) for the 9-11-year-old children placed in tertiles according to
the number of eating episodes (means £ SE, n=131). * p<0.05in com-
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Fig.3 Total physical activity for the 9- 11-year-old children placed in
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n=48). * p<0.05in comparison with tertile I. Tertile | = infrequent eat-
ers; tertile Il = frequent eaters.

Zerva A et al. Eating Frequency and Body Composition ... Int ] Sports Med 2006; 27: 1-6



Table 2A Anthropometric characteristics and physical activity of
the children placed in tertiles according to the daily num-
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Table 2B Anthropometric characteristics and physical activity of
the children placed in tertiles according to the daily num-

ber of snacks ber of meals
Tertile | Tertile Il Tertile Il Tertile | Tertile Il Tertile Il
n=42 n=41 n=46 n=45 n=41 n=43
Age (yr) 9.9+0.2 10.1+0.2 9.8+0.2 Age (yr) 10.0+0.2 9.7+0.1 10.0+0.2
Body mass (kg) 39.8+1.8 38.3+1.5 40.2+1.8 Body mass (kg) 42.4+1.7 37.7+1.6 38.1+1.7
BMI (kg/m?) 19.8+0.7 19.1+£0.7 20.2+0.6 BMI (kg/m?)f 20.9+0.6 18.9+£0.6 19.3£0.7
Body fat (%) 25.1+1.7 225+15  245+16 Body fat (%) 26.1+1.7 22.9+1.7 23.1+1.4
Sum of 4 skinfolds 57.8+5.2 50.8+4.8 55.9+4.9 Sum of 4 skinfolds 60.8+5.3 50.9+4.8 52.5+4.6
(mm) (mm)
TER (units) 0.81+£0.04 0.65%+0.03 0.70£0.03 TER (units) 0.82+0.04 0.71£0.04 0.66+0.03
Energy intake 1990+ 71 1906 £ 58 1967+ 60 Energy intake 1748+ 41 2025+62**  2104+70**
(kcals/day) (kcals/day)
Physical activity 562.2+14.4 597.6+11.2 639.6+10.5"* Physical activity 610.1£13.0 598.7+12.5 592.8+13.4
(min/day) (min/day)

Values are means+SE; tertile |=infrequent eaters; tertile IIIll=frequent eaters;
BMI =body mass index; TER = trunk to extremity skinfolds ratio; ** p<0.01 vs. ter-
tile I; T p = 0.08; analysis was adjusted for age and sex Bitertile Il not menmtioned?

dren [26]. In the present study, lean body mass adjusted for body
mass, age and gender had a strong tendency (p=0.067) to be
higher in the frequent eaters (Table 1) who spent more time on
physical activity each day. The results of this study also suggest
that children who devote more time to physical activity may
adopt a healthier lifestyle as reflected by the higher carbohydrate
to fat ratio computed for these children. An increased carbohy-
drate to fat intake ratio has been suggested, by some authors, to
result in body weight and body fat reduction [3,15]. Other stud-
ies, however, reported no effect of dietary carbohydrate to fat ra-
tio on body fat storage [20,24]. Given these results, it seems that
the findings of the present study may simply reflect a healthier
lifestyle adopted by frequent eaters.

An interesting finding was that an increased number of eating
episodes was associated with lower central adiposity. Central
adiposity in childhood is associated with certain factors that are
related to cardiovascular risk, such as hyperinsulinemia, insulin
resistance and arterial stiffness [10]. Our findings suggest that
the frequency of eating episodes might affect the degree of cen-
tral adiposity in children. Other factors, such as elevated physical
activity and a high cardiorespiratory fitness, may also contribute
to a lower central adiposity in children [27].

Physical activity was evaluated in a subgroup of these children
and this is a limitation of the study. Thus, present findings need
to be confirmed by large-scale investigations. Body fatness and
fat distribution were assessed with skinfolds. No doubt that di-
rect measures of body fat such as computed tomography and
magnetic resonance imaging would be of great value in future
studies. Finally, other factors, which were not assessed in this
study, could also have affected these results. No doubt that
genes, parental control on children’s food choices, parental obe-
sity and breakfast skipping are some of the parameters that also
affect pediatric obesity and should be incorporated in a future

Values are means+SE; tertile I=infrequent eaters; tertile Ill=frequent eaters;
BMI =body mass index; TER = trunk to extremity skinfolds ratio; ** p<0.01 vs. ter-
tile I; T p = 0.08; analysis was adjusted for age and sex Mitertile Il not menmtioned?

study examining the effect of meal frequency on body composi-
tion [23].

In conclusion, the results of the present study suggest that eating
frequency is inversely related to body fat levels and body fat dis-
tribution in this cohort of school-age children. This was despite
the fact that energy intake was higher for the frequent compared
with the non-frequent eaters. The greater amount of time de-
voted to physical activity by the frequent eaters might, at least
in part, explain these findings. These results could be added to
the existing literature suggesting that elevated physical activity
should be one of the main targets for childhood obesity preven-
tion programs.
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