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SUMMARY

Objective; Basal metabolic rate (BMR) is the main part of the total body energy expenditure. The value of BMR is individual and depends on a
lot of factors. The goal of the research was to discover the influence of anthropometric parameters, age and gender, on changes of the BMR values.
Methods: A total of 177 individuals of Czech Caucasian origin from South Moravia (BMI 27.3+7.88 kg/m?) aged 18-55 (117 women, 60 men)
were included in the study. Selected anthropometric characteristics were measured using a stadiometer (SECA 213) and bioelectrical impedance
analysis (Inbody 230). BMR was measured by indirect calorimetry (Cortex Metalyzer 3B). The measured values were statistically evaluated by the

regression analysis and least square method (LSM).

Results: From the following results that the factors that influence the BMR value statistically significantly (p <0.05) are: age, gender, body mass

index, total body water, and percent of body fat.

Conclusion: Body fat and age have both an indirect impact on the basal metabolic rate of the Czech population in working age. However, BMI
and the total body water were discovered to have a direct influence on the BMR.
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INTRODUCTION

In the last two decades, there is a marked increase worldwide
in the number of overweight people and people with obesity (more
than one billion adults) (1—4). This trend is alarming because ex-
cessive body weight and obesity are connected to a dozen health
problems (such as cardiovascular disease, diabetes type II, gall
bladder disease, some types of cancer, and early death) (5-7).
Global changes in eating habits and lifestyles lead to excessive
energy intake and decreased physical activity (1, 8).

A measurement of BMR and body composition is important
for the prevention of obesity. It can help to solve many connected
social problems (9).

The food intake energy is transformed from the chemical form
into other forms of energy that are further used by the human
organism. It is mainly the transformation into mechanical energy
for the contraction of muscles, thermal energy for the corporal
heat regulation, and electrical energy for the brain and nerve
activity (10). Energy intake and output should be in balance.
When the energy intake is higher than needed, the unused energy
is transformed into body fat.

Total daily energy expenditure (TDEE) consists of three parts:
basal metabolic rate (BMR), diet induced thermogenesis (DIT),
and energy expenditure during a physical activity (11). The main
part of TDEE in regular individuals consists of BMR. BMR
constitutes 60—70% of TDEE and includes the energy spent by
providing the maintenance of the organism’s vital functions. The

energy spent by physical activities represents 15-30% of TDEE
and changes according to the individual’s physical activity level
(12). A determinant of DIT is the energy content of the food. DIT
values for separate nutrients are 0 to 3% for fat, 5 to 10% for
carbohydrate, 20 to 30% for protein, and 10 to 30% for alcohol.
In healthy subjects with a mixed diet, DIT represents about 10%
of TDEE (13).

In the 1985 FAO/WHO/UNU report on human energy and
protein requirements, it was proposed to use the amount of energy
expenditure rather than food intake to calculate the overall energy
requirements. Additionally, it was proposed that TDEE can be
expressed as multiples of BMR, defined as physical activity level
(PAL) (14, 15). This approach to estimate energy requirements
necessitates the accurate estimation of BMR in populations of
different ethnicities, body types/weight, and those living under
various environmental conditions.

Indirect calorimetry, which is based on the measurement of
oxygen consumption and carbon dioxide production, is the pre-
ferred method to accurately assess BMR.

Generally, BMR depends on body composition expressed
by fat-free mass (FFM) and fat mass (FM), and on gender, age,
physical activity, and nutritional status. The main determinant of
BMR is FFM (6), whereas FM is significant only in obese subjects
(16). Gender is also a significant determinant of BMR, with males
having a greater BMR than females after adjusting the figures of
different body compositions (16, 17). In addition, BMR markedly
decreases with advancing age in sedentary populations (18) at a
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rate of ~1-2% per decade after the age of 20 years. Such a decline
in energy expenditure (EE) probably contributes to an impaired
ability to regulate energy balance with age. Several studies have
addressed the issue whether EE decreases with age and whether
females have lower EE than males (18-20).

MATERIALS AND METHODS

Subjects

A total of 177 individuals (117 women, 60 men) of Czech
Caucasian origin from South Moravia (BMI 27.3+7.88 kg/m?),
aged 18-55 years were included in the study. The range of meas-
ured BMI values in subjects is shown in Fig. 1. Study participants
were recruited in a mass media campaign (all from South Moravia
in the Czech Republic). Subjects who had overt metabolic and/
or endocrine diseases (e.g., diabetes, hypothyroidism, hyperten-
sion, amenorrhea) and those taking any drugs known to influence
energy metabolism were excluded from the study. The PAL of
the participants were in the ranges between 1.40 and 1.69 for
sedentary and light activity lifestyles (21).

The study was conducted according to guidelines set out in the
Declaration of Helsinki. All procedures involving human subjects
were approved by the Committee for Ethics of Medical Experi-
ments on Human Subjects at the Faculty of Medicine of Masaryk
University, Brno, Czech Republic. Written informed consent was
obtained from all subjects and has been duly archived.

Anthropometric Characteristics

All anthropometric measurements were carried out by a trained
(qualified) specialist in the morning (between 7 to 9 a.m.). Par-
ticipants were measured after an overnight fasting and in thermo
neutral conditions (in a room heated to 22-25 °C). Subjects were
not allowed to eat, drink or smoke between the tests. Exercise
was not allowed during the 12-hour fasting period.

Firstly their height was measured by using a portable stadi-
ometer SECA 213 (Medizinische Waagen und Messsysteme,
Hamburg, Germany) measuring to an accuracy of 0.1 cm.

Body composition was assessed by 8-pole bioelectrical imped-
ance analysis using the InBody 230 (Biospace, Seoul, Korea).
Participants were measured in tight underwear or swimwear
without shoes, socks, glasses, watches, rings or other jewellery.
The Inbody 230 uses eight tactile electrodes: two are in contact
with the palm and thumb of each hand and two with the anterior
and posterior aspects of the sole of each foot. Subjects stand with
their soles in contact with the foot electrodes and grab the hand
electrodes. The following parameters were used for the research:
gender (G), age (Y), height (H), weight (W), body mass index
(BMI), intracellular water value (ICW), total amount of body
water (TBW), amount of proteins (P), amount of minerals (M),
amount of body fat (BF), percent of body fat (%BF), obesity (O),
physical condition index (C), and amount of skeletal muscles
(SM).

BMR was measured by using an open-circuit indirect calori-
meter Cortex Metalyzer 3B (CORTEX Biophysik Gmbh, Ger-
many). The gas analyzers were calibrated before each test by using
a reference gas mixture (15.0% O, and 5.0% CO,). The subjects

had to be at rest while being awake and in a supine position (22).
A 30-minute measurement protocol was followed with the first
5 minutes of data automatically discarded (23).

All devices were precisely calibrated before each measuring
session.

Statistical Analysis

All discovered and measured values were statistically evalu-
ated by computer software Gretl (Allin Cottrell, South Caroline).
The regression analysis and least square method (LSM) were
used in the evaluation. Test of multicollinearity, test of normal
distribution and Mann-Whitney test were used to determinate
the correctness of models. The statistical significance of the pa-
rameters was inquired by a 5% level of significance (o = 0.05).
The dependent variables were represented by selected values
of BMR and the following were independent variables: gender,
age, height, weight, body mass index, intracellular water mass,
total body water mass, protein mass, bone mineral content, body
fat mass, percent of body fat, obesity degree, fitness score, and
skeletal muscle mass.

RESULTS

A basic description of the data was performed using common
statistical methods. Average values and standard deviation were
used to describe the data set (Table 1). The mean age was 30 years,
which corresponds to the average working age. The mean height
was 170.7 cm and mean weight was 81.4 kg in the sample. The
mean BMI was 27.3 kg.m2 (37% of participants had BMI less
than 25.0 kg.m? and 63% had BMI greater than 25.0 kg.m?).
The mean BMR was 1887.5 kcal/day. All subjects had low level
of physical activity (PAL<1.49).

By mapping the measured BMR results onto Fig. 2 we discov-
ered that the biggest concentration of points is spread between
the values of 1,700-2,200 units of BMR.

After using LSM, the below values of parameters of the basic
regressive multilinear Model 1 were obtained (Table 2).

When a 5% level of p-values was used, the majority of vari-
ables seemed as statistically insignificant (except for age). One
by one, particular parameters were eliminated and according to
the level of p-value, a subsequent model, using LSM, was put
together. All of the insignificant parameters were eliminated us-
ing this method.

Gained Model 2 (Table 3) contained the following significant
variables: gender, age, body mass index, total body water, and
percent of body fat (complied with the 5% level of significance).

Table 1. Distribution of participants based on general charac-
teristics (N=177, women 117, men 60)

Mean SD
Age (years) 30.0 11.75
Height (cm) 170.7 8.55
Weight (kg) 81.4 2722
BMI (kg.m?) 273 7.88
BMR (kcal/d) 1887.5 391.60
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Table 2. Basic regressive multilinear Model 1 parameters

Model 1 Coefficient p-value Statistical significance
Constant 354.94 1568.76 0.82
Gender -96.87 65.54 0.14
Age -8.36 1.80 <0.001 b
Height 7.56 10.74 0.48
Weight -123.36 743.35 0.87
Body mass index 27.40 25.36 0.28
Intracellular water mass -517.99 461.28 0.26
Total body water 285.26 736.09 0.70
Protein mass 264.23 598.78 0.66
Bone mineral content -25.46 742.22 0.97
Body fat mass 118.91 74111 0.87
Percent of body fat -3.35 4.71 0.48
Obesity degree -2.13 245 0.39
Fitness score 0.00 0.15 0.98
Skeletal muscle mass 191.39 381.87 0.62

Coefficient of determination R?=0.69

Table 3. Model 2 significant variables
Model 3 Coefficient p-value Statistical significance
Constant 1029.81 138.93 <0.001 b
Gender -101.98 57.36 0.08
Age -7.02 1.75 <0.001 b
Body mass index 12.34 3.44 <0.001 b
Total body water 24.01 3.76 <0.001 b
Percent body fat -2.39 1.08 0.03 *

Coefficient of determination R?=0.67

The coefficient of determination showed that Model 2 discov-
ered 67% causes of amounts of the BMR level. The final Model
2 (Table 4) was tested again by the test for normality.

Homoskedasticity was ensured by a robust conclusive error.
To ensure that the test was correct, Mann-Whitney U test was
used (p=0.062). Low p-value was caused by distant residues.
The following multicollinearity test finished with the correct
results in this model.

Tests of normality, Mann-Whitney test and multicollinearity
proved the correctness of Model 2. The final model of a regressive
equation was put together by testing individual parameters from
Table 4. The regressive equation shows dependence on statisti-
cally significant parameters (G, Y, BMI, TBW, %BF) on BMR.

Table 4. Multicollinearity test in Model 2

Variable VIF,*
Gender 2.68
Age 1.87
Body mass index 3.14
Total body water 437
Percent body fat 2.37

*VIF - factors increasing the variance; VIFU) = 1/(1-R(j))*2; R(j) — multiple correla-
tion coefficient

Final regressive equation:
BMR=1029.89-101.97(G)—7.02(Y)+12.34(BMI)+24.01(TB
W)—2.39(%BF)

DISCUSSION

The aim of this research was to discover the influence of
anthropometrical parameters age and gender on changes of
the BMR values in individuals of Czech Caucasian origin of
working age (age 30+ 11.75 y). The fact that almost twice as
many women as men participated in this research confirms that
women are more concerned about their health, appearance and
overall lifestyle.

The mean value of BMI 27.3+7.88 kg/m? was an interesting
factor here. Furthermore, although the selection of individuals
was not limited by body weight, it is possible to conclude from
the results that people interested in testing were mainly people
who have already had problems with increased body weight.
Increasing value of BMI could be caused also by cigarette smok-
ing or former smoking. This fact was not included in the study.
The natural reason is also a continual growth of body weight in
our population. By contrast, the interest in prevention is still low,
which corresponds with a low interest of participants with normal
body weight and parameters of body composition.
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Fig. 2. Range of measured BMR values in subjects (117 women, 60 men).

The aim of this study was to find out which parameters of body
composition and in which proportion they influence the final value
of BMR. By using successive analysis, we have proved that there
is a statistically significant influence of the following parameters
on the resulting BMR: gender, age, BMI, TBW, and %BF.

In case of differences between genders, lower BMR values
in women were proved. The results showed that if a woman
and a man had identical anthropometric parameters and age, the
woman should have BMR lower by 101.97 kcal/d than the men.
The results have been proved by Roubenoff et al. (24) in their
study dealing with the influence of gender and age on BMR.
They found out that women have lower values of BMR than men
(5,316+818 kJ/d women and 6,487+ 570 kJ/d men). Other stud-
ies that were dealing with the changes of BMR in dependence on
gender showed the same results (18, 20).

Lots of previous studies found a relation between age and
BMR. These have also proved that with increasing age, there
is a decrease in BMR values (11, 25, 26). This research has ob-
tained the very same result. The increase of age by one year has

caused the decrease of BMR by 7.02 kcal/d. The organism needs
the biggest amount of energy at time of growth and the overall
development. With increasing age, there is a loss of active body
mass and decreasing energy demands.

Another important parameter of this research influencing BMR
value was the total amount of body water in the participants. We
found out that an increase in the amount of body water by 1 litre
increased BMR by 24.01 kcal/d. The influence of body water
on BMR was studied also by Jin Park et al. (9) on 717 women.
The results demonstrated that other body components, such as
intracellular and extracellular water, significantly correlated with
the changing values of resulting BMR. Fat free mass consists of
about 73% of water, therefore, it contains the major part of total
body water. The more muscles the body contains, the higher the
BMR (27, 28). Further studies dealing with this topic should be
carried out, utilizing a wider spectrum of the population.

Lazzer et al. (19) were dealing with the influence of an-
thropometric parameters (waistline, BMI, fat mass) on BMR
values. They also found a positive relation between the above
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body parameters and their influence on the resulting BMR. Our
research has also confirmed the direct influence of BMI on the
resulting BMR value. If the BMI value of the tested individuals
was increased by 1 kg.m 2, then the resulting BMR would also
be increased by 12.34 kcal/d.

Previous studies have shown that the main factors influencing
the final value of the basal metabolism are muscle mass and fat
mass (1618, 29, 30). However, there are other studies that did not
prove the same relations (31, 32). We concluded in our research,
that the values of %BF had a statistically significant influence on
the resulting values of BMR. We have also observed an indirect
dependence, where the value of BMR has dropped by 2.39 kcal/d
by increasing the %BF value by 1%. The increased body weight
of the tested individuals was due to the higher amount of fat in
the body, but not that of the muscle mass. Since the body fat is
an inactive mass, it increases the total body weight but decreases
the value of BMR.

CONCLUSION

The research has proved the indirect influence of age and %BF
on the total value of BMR. Age and %BF decrease the BMR value.
The increase in age by only one year has caused the BMR value
to decrease by 7.02 kcal/d. The increase in %BF by 1 kilogram
has decreased the BMR value by 2.39 kcal/d.

The BMI and TBW values have been proved to have a direct
influence on the changes of BMR values. By an increase of
1 kg.m? in the BMI value, the resulting BMR was increased by
12.34 kcal/d. By an increase of TBW by 1 litre the BMR was also
increased by 24.01 kcal/d.

We can therefore conclude that the statistically significant pa-
rameters observed in our research with an influence on the BMR
values are the following: gender, age, BMI, TBW, and %BF. We
have proved that both BMI and TBW had a direct influence on
the increase of the BMR values. The indirect influence, in terms
of decreasing BMR, has been proved as being the age and %BF.
The BMR values may also be influenced by gender and may de-
crease (in females) or increase (in males), when measured within
the normal range of body fat mass.

The above results may contribute to a better understanding and
widening of the existing findings in the area of body composi-
tion and basal metabolism. The acquired information may help
with reducing the obesity rate within the population and with
the improvement of public health. However, it is necessary to
conduct further research and improve the overall knowledge of
the population in terms of health and prevention.
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