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ABSTRACT

Article History

Background: Previous studies have suggested that sex may be a factor influencing

Received: basal metabolic rate (BMR) in adults and school age children. However, few data

20/11/2014 are available about the effects of sex on BMR in pre-school children. In the present

Revised: study, we investigated whether sex differences contribute to variations in BMR in

26/01/2015 pre-school age children.

Accepted: Methods: Measurements were made on thirty children aged 2-6 years (14 male and 16

11/04/2015 female). Measurements were taken of height, age, weight, and total body composition,
which was determined using both dual-energy X-ray absorptiometry (DXA) and
deuterium dilution. The DXA was also used to determine body composition in
different regions of the body. BMR was measured by indirect calorimetry.

Keywords: Results We found no significant sex differences with respect to age (F = O,

Gender, p = 0.998), weight (F = 0.02, p = 0.884), height (F = 0.33, p = 0.570), and body mass

f/lgltlgt;%rl]i,sm index standard deviation score (F = 0.51, p = 0.480). In addition, no significant

Body composition

difference was found between boys and girls for total fat free mass (FFM) (F = 1.30,
p = 0.265) and fat mass (FM) (F = 3.16, p = 0.090) measured by DXA, and total
FFM (F = 0.79, p = 0.380) and FM (F = 3.38, p = 0.080) obtained by deutarium
dilution. There was no significant difference between pre-school boys and girls for
BMR (F = 0.16, p = 0.690). In a multiple regression analysis, only log weight was
significantly associated to BMR. The explain variation was 75.3%.

Conclusion In conclusions we found no significant differences in body composition
between pre-school boys and girls and no sex effect on BMR in this age group.
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Introduction

component of energy expenditure accounts for

Basal metabolic rates (BMR), the largest60-80% of the observed total energy expenditure

[1-3]. Therefore, it can play a considerable role
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in the regulation of energy balance. Many
researchers [3-9] have studied sex differences in

Address: Rowett !nstitute of Nutrition and Health, adult and adolescent BMR. However, our
Aberdeen University, Greenburn Road, Bucksburn, .
Aberdeen AB21 9SB, Scotland, United Kingdom. knowledge regarding the effect of sex on BMR

Email: d.jackson@rowett.ac.uk in pre-school children is Ilimited. It is

86 JNSD 2015; Vol.1, No. 2: 86-92



Kurosh Djafarian, et al.

well-established that many other factors carabsorptiometry (DXA), a valid methotbr
influence BMR including age [3, 10], geneticsassessing body composition in children. The
[11, 12], hormone levels [13], ethnicity [14, 15], principles and operating procedures of DXA
and body composition [9, 16]. Among thesehave been described elsewhere [20-23]. All
factors, the body composition seems to be thBXA assessments were performed exclusively
main determinant of BMR across all age rangeon one instrument (Norland XR-26, Mark II
Previous studies have suggested that males halkigh-speed pencil beam scanner equippid
higher BMR than females independent of sexilynamic filtration, with version 2.5.2 of the
differences in body composition [7, 10]. Norland software; Norland Corporation, Fort
However, some studies suggest that once th&tkinson, WI). Before each measurement, the
effects of both fat-free mass (FFM) and fat mas®XA was calibrated usinghe procedures
(FM) are accounted for the impact of sex is noprovided by the manufacturer. The coefficients
significant [9]. In contrast to the large amount ofof variation (CV) for repeated measurements by
data on sex effects in adults, little is known ofthis machine in a total-body scan have been
the effect of sex in pre-school children. Thisreported previously [9]. The CVs of variation for
could be due to the difficulties of assessing BMRhe assessment of mineral determination and FM
in children [17]. Because body composition orby DXA were also reported as 1.4% and 2.6%
fat distribution changes with age, and sexXor this machine, respectively [21, 22]. Children
differences become most obvious after pubertywyerescanned in light clothing while lying flat on
the effect of sex on BMR in young children hastheir backs witharms by the side. Total and
been an issue of interest. regional body FFM and FM were calculated.
Most previous pediatric studies of the impact Total body water (TBW) was determined by
of sex on BMR have been performed on oldethe isotope dilution technique, using deuterium
children, but there are few studies on childrerin the form of labeled water ¢D). An oral dose
aged 2-6 years [1, 18]. Measuring BMR inof deuterium oxide (99.9%) equivalent to
children is made difficult by the propensity of 0.5 g/kg body weight was given to each subject.
children to make spontaneous physicalUrine samples were collected at baseline and 2,
movements during measurement [17, 19] and, and 6 hours after dosing. Samples were frozen
problems of fasting young children prior tountil analysis at the stable isotope laboratory of
measurement. On the basis of the abovthe Rowett Research Institute. Deuterium
considerations, we decided to study the influencenrichment of urine samples was determined by
of sex on BMR in pre-school children attemptinggas isotope-ratio mass spectrometry as described

to control for these factors. previously [24]. Each sample was analyzed in
duplicate and the mean value was used for

Methods analysis. Deuterium dilution space was
Subjects calculated as described elsewhere [25]. FFM was

A total of 30 healthy Caucasian children (14calculated from TBW using age and sex specific
boys and 16 girls) participated in the study. Thigonstants for children [26].
study was part of the Rowett Assessment of
Childhood Appetite and metabolism, which was Height and weight
approvedby the Grampian Research Ethics Height was measured to the nearest 0.1 cm
Committee. Subjects aged 2-6 were recruitedsing a standard stadiometer (Holtain Ltd.,
from Aberdeen, NE Scotland, UK. Before Crymych, Dyfed, Wales). The weight of the
participation, written informed consent wassubjects, who were wearing light clothes, was
provided for all subjects from their parents ormeasured tdhe nearest 50 g with a high
guardians and verbal consent was obtained froprecision electronic scale (OHAUS Corporation,
the child. All participants were healthy, and notPine Brook, USA, Model: CD11). Body mass
taking any medication that affected bodyindex (BMI) was calculated as weight
composition or BMR. All of the measurements(kg)/height (m). However, BMI was expressed
were carried out at the Human Nutrition Unit,as a standard deviation score (SDS) normalized
Rowett Research Institute, Scotland, UK. for age and sex, based on UK 1990 population

reference data [27, 28].

Body composition

Total and regional body compositions were BMR
measured by using dual-energy X-ray Basal energy expenditure was measured in
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ambient temperature of 22-24 °C by an opentable 1. No significant sex differences were
circuit indirect calorimeter (Deltatracll, found with respect to age (= 0, p = 0.998),
MBM-200; Datex, Instrumentarium Corporation, weight (R.s = 0.02, p = 0.884), height
Helsinki, Finland). Calibrations of the gas(Fis= 0.33, p = 0.570), BMI SDS (g = 0.51,
analyzers were performed immediately beforg = 0.480), and BMR (ks = 0.16, p = 0.690). No
the measurements, against standard mixesignificant difference was found between boys and
reference gases. The CV of within-childrengirls for total FFM (k.= 1.30, p = 0.265) and FM
variations for measured BMR on 3 consecutivéF, ;3 = 3.16, p = 0.090) measured by DXA, and
days by using the same protocol was 6.8 [5]. Ototal FFM (R = 0.79, p = 0.380) and FM
the day of the experiments, subjects arrived &F; s = 3.38, p = 0.080) obtained with deuterium
the Rowett Research Institute in the earhdilution after correction for age effects.

morning following an overnight fast and

measurements were performed for around 20 Associations between BMR and other variables
minutes. Subjectsere instructed to lie as still as  Figure 1 depicts the association between
possible and remain awake and they wer8MR and age (2 = 15.8%; p < 0.050), body
allowed to watch their favorite videos toweight (2 = 75.3%; p < 0.001), height
minimize fidgeting. Children were observed(r? = 46.7%; p < 0.001), BMI SDS (r? = 56.5%;
continuously and their fidgeting and activitiesp < 0.001), total FFM measured by DXA
were recorded. Data were carefully reviewedr? = 70.8%; p < 0.001), and total FM measured
after eachmeasurement and the first 10 minutesy DXA (r2 = 51.4%; p < 0.001). There was also
of data were omitted and BMR during thea significant association of BMR with FFM
remaining still minutes (no moving, laughing, (r2 = 70.9%; p < 0.001) and FM (r2 = 45.3%;
speaking or yawning) was calculated. Energp < 0.001) measured by deuterium dilution.
expenditure was measured from ¥&nd VCQ Weight and FFM measured by deuterium

using the Weir equation [29]. dilution (Figure 2) had the strongest
relationships with BMR. BMR variations
Satistics explained by FFM and FM were not the identical

All statistical analyses were performed usingbecause of differences in the methods for body
MINITAB software version 14.12 (Minitab Inc, composition measurement. FFM and FM
State College, PA). Mean, SD, and frequenciemeasured by DXA together explained 75.5% of
were presented. This included weight, abdomethe variation in BMR, whereas the cumulative
FM, arms FM and total FM measured by DXAvariance in BMR explained by FFM and FM
and deuterium. One-way analysis of varianceneasured by deuterium dilution was 75%. The
was used to compare the means. For all resultsest-fit least-squares regressions for explaining

p < 0.050 were considered significant BMR from FFM and FM measured by DXA and
deuterium dilution were as follows:
Results DXA: BMR (kJ/d) = 382 + 109 FFM + 56 FM
Descriptive characteristics of the children Deuterium: BMR (kJ/d) = 364 + 108 FFM +

Subject characteristics are presented i60.2 FM

Table 1.Physical characteristics of pre-school childrarolwed in the study

. Boys Girls Total
Characteristics - - -
Mean+SD Median Range Mean+SD Median Range Mean*SD Median Range
Age (y) 483+1.32 5 2-6 483+1.17 5 2-6 4.8322 5 2-6
Weight (kg) 194+44 18.1 14.4-28.7 19.7+6.4 817 10.8-32 19.6+543 185 10.8-30
Height (m) 1.1+0.09 11 0.97-1.28 1.08+0.11 81.0 0.85-1.24 1.09+0.10 1.1 0.85-1.28
BMI SDS -0.12+106 -05 -143-268 0.23+157 170. -35-29 007134 -002 -3529

FM (DXA) (kg) 6.22+258 432 112891 7.63+3.8 54 213132 6.97+3.34 453 3.84-13.2
FFM (DXA) (kg) 12.7+258 14 10.4-20 11.6+298 142 7.30-21.12.1+28 141 117211
FM (Due) (kg)  4.88+1.74 432 1.33-861 598434 536 1.92-13.1 545+277 437 374131
FFM (Due) (kg) 14.67+2.77 13.8 11.3-19.8 137+39 142 87208 141+29240 11.9-20.1
BMR (kJ) 2117 +476 2117 1481-3097 2244+608  2243447-3378 3177+780 2234 1815-3378

Deut = Deuterium, for comparison between boys and girls, FFM and FM have been corrected for age effect, BMR = Basal
metabolic rate, FFM = Fat-free mass, FM = Free mass, BMI = Body mass index, SD= Standard deviation, DXA = Dual-
energy X-ray absorptiometry, BMI = Body mass index, SDS= Standard deviation score
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Age (years) Weight (kg) Height (m)

- 3500

- 3000

- 2500

- 2000

- 1500

3500 1

RMR (kj/days)

3000 1

2500 1

2000 1

1500

Figure 1. Scatterplot of association between basal metalatie with age (r?2 = 15.8%; p < 0.001), weight
(rz2 = 75.3%; p < 0.001), height (r2 = 60%; p < APGbody mass index standard deviation score 865%;

p < 0.001), total fat free mass (FM) (r2 = 70.8%< ©.001), and total FM measured by dual-energyax-r
absorptiometry (r2 = 51.4%; p < 0.001) in pre-sdtatildren (n = 30)
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Figure 2. Scatterplot of association between basal metabaigcand total fat-free mass (r2 = 70.9%; p < 00001
measured by deuterium in pre-school children (9F 3

No significant differences were found 75.3% of the variation in BMR. After removing
between boys and girls for BMR after the effects of this variable, no association was
normalizing for FFM and FM measured by DXA found between BMR and any of the other
(F128 = 0.09, p = 0.765) or deuterium dilution measured parameters.

(F128=0.40; p = 0.531). In a multiple regression
analysis, including all the variables, only body Discussion
weight was statistically significant, explaining  The primary aim of this study was to explore
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the influence of sex on BMR in pre-schoolorgans and tissues can be a potential explanation
children. When analysis of covariance has beefor the variability in BMR within and between
used to control for FFM or the combination ofindividuals and it can remain as an open field for
FFM and FM, a sex difference in BMR has beerurther investigation [39, 40].
reported in several previous studies in adults The current understanding regarding the
[4, 7, 8] and children [1, 30], although in somecontribution of regional body composition and
studies the effect of sex disappeared afteorgans to BMR is mainly based on adult studies
correction for FFM and FM [9]. In one previousand animal experiments. Future technological
study, when BMR of pre-pubertal boys and girlsadvances should aim at using non-invasive
were adjusted for their FFM and age, boys hadhethods for measuring tissue/organ-specific
higher BMR than girls [31]. In contrast, our metabolic rates directly in different age groups
study indicated no sex effect in children, whichalong with applying advanced statistical
is consistent with other studies of children priommethods, in order to model the contribution of
to puberty [32, 33]. different organs to the total metabolism [41].
Few studies have investigated associations of

body composition measured by DXA with basal Conclusion
energy expenditure in children. The results of We found that there is no effect of sex on the
this study show that FFM and FM are thevariation of BMR, before or after adjustméat
dominant factors influencing variation in BMR. FFM and FM. The results of this study show that
This result is consistent with previous reports folFFM was the main contributors to the variation
adults [9, 34] and children [1, 2, 14, 35]. All of of BMR, while FM has a small but independent
these studies were performed on older childreeffect on BMR variability in this age group.
except one, conducted in children aged 3.9-7.8
[1]. These previous studies have reported Acknowledgments
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FM in variability of BMR [1, 2, 9, 14, 34], or _ )
alternatively there may be no influence of FM  Conflict of interest o
[12, 36]. In this study, the contribution of FM None of authors have conflict of interest.
measured by either DXA or deuterium dilution .
explained a smaller fraction of the variability of Source of funding - -

. - We also thank the Scottish Executive
BMR compared with FFM, and the derivedgpyironmental and Rural Affairs Department for
multiple regression analysis indicated that eachnding.
kilogram of FFM explained around 2 times more
of the variation in BMR than each kilogram of References
FM in children. This ratio is higher than that 1. Goran MI, Kaskoun M, Johnson R. Determinants
reported in adults [9]. There are several possible of resting energy expenditure in young children. J
explanations for this discrepancy between the Pediatr. 1994; 125(3): 362-7.
results of different studies, which include 2- Spadano JL, Bandini LG, Must A, Dallal GE,
biological variation in FFM and FM, techniques eD>|<eZn d\i/'[\{JTé il’ll_or:ﬂlstuf?:)nnT|a?eha&:r|]’]gi|?jiocl)r(; tﬁ:‘;:gﬁ
for assessing BMR gnd body ?QmpOSiFion and migadolescence?. Am J Clin Nutr. 2005; 81(%):
age group of population. In addition, adipocytes 1195.9
are not merely fat-storing cells and their3 gspeakman JR, Westerterp KR. Associations
secretions such as hormones and other bioactive between energy demands, physical activity, and
substances may contribute to the variation of body composition in adult humans between 18
BMR [6]. Although FFM is the main and 96 y of age. Am J Clin Nutr. 2010; 92(4):
determinant of BMR, changes in BMR per 826-34. o o .
kilogram of FFM were not constant over the 4 Ferraro R, Lillioja S, Fpntwellle AM, Rising R,
whole range of FFM in adult [2, 20, 37]. The Bogardus C, Ravussin E. Lower sedentary

X " ; . metabolic rate in women compared with men. J
variable composition of FFM may explain this )iy invest. 1992: 90(3): 780-4.

phenomenon. FFM is a heterogeneous; jackson D, Pace L, Speakman JR. The
compartment of body mass with organs and measurement of resting metabolic rate in young
tissues differingwidely in masses and heat-  children: Reproducibility and comparison with
producing components [38]. Therefore, the predicted values. Obesity Research. 2002; 10(1):
variation in mass and metabolic activity of 65-8.

90 JNSD 2015; Vol.1, No. 2: 86-92



Kurosh Djafarian, et al.

6. Ruige JB, Ballaux DP, Funahashi T, Mertens IL,  59(5): 955-9.

Matsuzawa Y, Van Gaal LF. Resting metabolic 20.Roubenoff R, Kehayias JJ, Dawson-Hughes B,
rate is an important predictor of serum Heymsfield SB. Use of dual-energy x-ray
adiponectin concentrations: potential implications  absorptiometry in body-composition studies: not
for obesity-related disorders. Am J Clin Nutr. yet a "gold standard". Am J Clin Nutr. 1993;
2005; 82(1): 21-5. 58(5): 589-91.

7. Poehiman ET, Toth MJ, Ades PA, Calles- 21.Tothill P, Avenell A, Love J, Reid DM.
Escandon J. Gender differences in resting Comparisons between Hologic, Lunar and
metabolic rate and noradrenaline kinetics in older Norland dual-energy X-ray absorptiometers and
individuals. Eur J Clin Invest. 1997; 27(1): 23-8. other techniques used for whole-body soft tissue

8. van Mil EG, Westerterp KR, Kester AD, Saris measurements. Eur J Clin Nutr. 1994; 48(11):
WH. Energy metabolism in relation to body 781-94.
composition and gender in adolescents. Arch Dis22.Tothill P, Avenell A, Reid DM. Precision and
Child. 2001; 85(1): 73-8. accuracy of measurements of whole-body bone

9. Johnstone AM, Murison SD, Duncan JS, Rance mineral: comparisons between Hologic, Lunar
KA, Speakman JR. Factors influencing variation  and Norland dual-energy X-ray absorptiometers.
in basal metabolic rate include fat-free mass, fat Br J Radiol. 1994; 67(804): 1210-7.
mass, age, and circulating thyroxine but not sex23.Ellis KJ, Abrams SA, Wong WW. Body
circulating leptin, or triiodothyronine. Am J Clin composition of a young, multiethnic female
Nutr. 2005; 82(5): 941-8. population. Am J Clin Nutr. 1997; 65(3): 724-31.

10.Molnar D, Schutz Y. The effect of obesity, age, 24.Scrimgeour CM, Rollo MM, Mudambo SM,
puberty and gender on resting metabolic rate in  Handley LL, Prosser SJ. A simplified method for
children and adolescents. Eur J Pediatr. 1997; deuterium/hydrogen isotope ratio measurements
156(5): 376-81. on water samples of biological origin. Biol Mass

11.Bouchard C, Tremblay A, Nadeau A, Despres JP, Spectrom. 1993; 22(7): 383-7.

Theriault G, Boulay MR, et al. Genetic effect in 25.Pullicino E, Coward WA, Stubbs RJ, Elia M.
resting and exercise metabolic rates. Metabolism. Bedside and field methods for assessing body
1989; 38(4): 364-70. composition: comparison with the deuterium

12.Bogardus C, Lillioja S, Ravussin E, Abbott W, dilution technique. Eur J Clin Nutr. 1990; 44(10):
Zawadzki JK, Young A, et al. Familial 753-62.
dependence of the resting metabolic rate. N Engk6.Fomon SJ, Haschke F, Ziegler EE, Nelson SE.
J Med. 1986; 315(2): 96-100. Body composition of reference children from

13.Michalakis K, Goulis DG, Vazaiou A, Mintziori birth to age 10 years. Am J Clin Nutr. 1982; 35(5
G, Polymeris A, Abrahamian-Michalakis A. Suppl): 1169-75.

Obesity in the ageing man. Metabolism. 2013;27.Cole TJ, Freeman JV, Preece MA. Body mass
62(10): 1341-9. index reference curves for the UK, 1990. Arch

14.Bandini LG, Must A, Spadano JL, Dietz WH. Dis Child. 1995; 73(1): 25-9.

Relation of body composition, parental 28.Freeman JV, Cole TJ, Chinn S, Jones PR, White
overweight, pubertal stage, and race-ethnicity to EM, Preece MA. Cross sectional stature and
energy expenditure among premenarcheal girls. weight reference curves for the UK, 1990. Arch
Am J Clin Nutr. 2002; 76(5): 1040-7. Dis Child. 1995; 73(1): 17-24.

15.DelLany JP, Bray GA, Harsha DW, Volaufova J. 29.WEIR JB. New methods for calculating
Energy expenditure in preadolescent African  metabolic rate with special reference to protein
American and white boys and girls: the Baton  metabolism. J Physiol.1949; 109(1-2): 1-9.
Rouge Children's Study. Am J Clin Nutr. 2002; 30.Sun M, Gower BA, Bartolucci AA, Hunter GR,
75(4): 705-13. Figueroa-Colon R, Goran MI. A longitudinal

16.Ravussin E, Burnand B, Schutz Y, Jequier E. study of resting energy expenditure relative to
Twenty-four-hour energy expenditure and resting body composition during puberty in African
metabolic rate in obese, moderately obese, and American and white children. Am J Clin Nutr.
control subjects. Am J Clin Nutr. 1982; 35(3): 2001; 73(2): 308-15.

566-73. 31.Maffeis C, Schutz Y, Zoccante L, Micciolo R,
17.Jackson DM, Pace L, Speakman JR. The Pinelli L. Meal-induced thermogenesis in lean

measurement of resting metabolic rate in  and obese prepubertal children. Am J Clin Nutr.

preschool children. Obesity (Silver Spring). 2007;  1993; 57(4): 481-5.

15(8): 1930-2. 32.Klausen B, Toubro S, Astrup A. Age and sex
18.Goran MI, Carpenter WH, Poehlman ET. Total effects on energy expenditure. Am J Clin Nutr.

energy expenditure in 4- to 6-yr-old children. Am 1997; 65(4): 895-907.

J Physiol. 1993; 264(5 Pt 1): E706-E711. 33.Grund A, Vollbrecht H, Frandsen W, Krause H,
19.Dietz WH. Critical periods in childhood for the Siewers M, Rieckert H, et al. No effect of gender

development of obesity. Am J Clin Nutr. 1994; on different components of daily energy

JNSD 2015; Vol.1, No. 2: 86-92 91



Basal metabolic rate in children

expenditure in free living prepubertal childrent In metabolic rate to fat-free mass and to the
J Obes Relat Metab Disord. 2000; 24(3): metabolically active components of fat-free mass
299-305. in humans. Am J Clin Nutr. 1992; 55(4): 790-4.
34.Garby L, Garrow JS, Jorgensen B, Lammert O,38.Muller MJ, lllner K, Bosy-Westphal A,
Madsen K, Sorensen P, et al. Relation between Brinkmann G, Heller M. Regional lean body
energy expenditure and body composition in  mass and resting energy expenditure in hon-obese
man: specific energy expenditure in vivo of fat  adults. Eur J Nutr. 2001; 40(3): 93-7.
and fat-free tissue. Eur J Clin Nutr. 1988; 42(4): 39.Hayes M, Chustek M, Wang Z, Gallagher D,
301-5. Heshka S, Spungen A, et al. DXA: potential for
35.Tershakovec AM, Kuppler KM, Zemel B, creating a metabolic map of organ-tissue resting
Stallings VA. Age, sex, ethnicity, body energy expenditure components. Obes Res. 2002;
composition, and resting energy expenditure of 10(10): 969-77.
obese African American and white children and 40.Elia M. Energy expenditure in the whole body.
adolescents. Am J Clin Nutr. 2002; 75(5): In: Kinney JM, Editor. Energy metabolism: tissue
867-71. determinants and cellular corollaries. New York,
36.Wren RE, Blume H, Mazariegos M, Solomons N,  NY: Raven Press; 1992.
Alvarez JO, Goran MI. Body composition, resting 41.Wang Z, Heshka S, Gallagher D, Boozer CN,
metabolic rate, and energy requirements of short- Kotler DP, Heymsfield SB. Resting energy
and normal-stature, low-income Guatemalan expenditure-fat-free mass relationship: new
children. Am J Clin Nutr. 1997; 66(2): 406-12. insights provided by body composition modeling.
37.Weinsier RL, Schutz Y, Bracco D. Am J Physiol Endocrinol Metab. 2000; 279(3):
Reexamination of the relationship of resting E539-E545.

92 JNSD 2015; Vol.1, No. 2: 86-92



	Blank Page

