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ABSTRACT

Introduction: The aim of the research was to analyze the - Introduced in 2015 as a new force protection capabil-
ity - Hungarian Defence Forces Body Composition Program (HDF BCP) participants’ pattern of the measurement param-
eters and their relationship to each other, furthermore, to create a measurement protocol that can be used with large 
number of elements, which allows the estimation of strength and fat-free mass in the following.

Methods: The examination was carried out between 2017 and 2020. Within the HDF BCP, the measured and estimated 
parameters of 283 volunteers between the ages of 18 and 67 years old. A total of 709 measures were made. A Premium 
Body Impedance Analyzer 500 (BIA) instrument was used for the examinations. In addition, a DYNA 16 strength meter 
(DYNA) was used which makes it possible to measure the grip strength of both hands at the same time. Statistical calcu-
lations are performed with R-Studio program.

Results: An increase in the phase angle is accompanied by an increase in the maximum hand grip strength (p < 0.001). 
The full body strength increases with weight gain regarding both sexes in all age groups tested (p < 0.001). Our linear 
regression model is suitable for estimating maximum hand grip strength using body weight, fat-free mass, age, and gen-
der values (R2 = 0,74) and to estimate fat-free mass percentage based on body weight, maximum hand grip strength, 
and gender values (R2 = 0,78).

Conclusion: The use of phase angle is an important indicator of a lifestyle change program. In the created linear regres-
sion model we will be able to estimate body fraction in significant numbers with high accuracy after measuring minimum 
parameters.

Keywords: Physical appearance; physical strength; lifestyle change program; phase angle; hand grip strength; military health

INTRODUCTION
The Hungarian Defence Forces (HDF) considers it import-
ant and gives priority to the physical and mental condition 
of soldiers. It is essential for their preservation and changes 
in a positive way to put a special emphasis on the devel-
opment and maintenance of a healthy lifestyle. To achieve 
this, the Hungarian Defence Forces Body Composition 
Program (HDF BCP) was established in 2015, which 
is provided by the prevention staff of the HDF Medical 
Centre in the framework of the occupational health pro-
motion. Introduced in 2015 as a new force protection capa-
bility, the spirituality of the HDF BCP and its contents 
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stands in accordance with the principles of the health force 
protection defined in NATO doctrines, with the preven-
tion policy and health preservation objectives of the HDF. 
Those who serve in the HDF with a high body weight and/
or body fat percentage are inspected by professionals who 
provide an individualized exercise program after health 
assessment, dietary counseling based on menu analysis 
depending on the needs, sample dieting, and psychologi-
cal support, which can greatly contribute to the building 
of the right physique. The legal basis of the HDF BCP 
is established by Decree 10/2015 (July 30, 2015) of the 
Ministry of Defence on Health, Psychological, and Physical 
Fitness for Military Service and the Review Procedure, 
pursuant to paragraphs 16. § (3) and 12. § (2), if the sol-
dier does not possess the physique indicators specified in 
Decree, Annex  3, points (N), (O), and (P), it should be 
made aware of the possibility to participate (1). Obtainable 
data from regular and routine surveys of patients’ body 
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composition provide useful information for health-care 
professionals working in the field of clinical practice as the 
amount and proportion of lean body mass and fat mass 
come up as prognostic factors for disease outcome (2-4). 
Several publications have appeared in connection with 
the fact that abnormal body composition has an adverse 
effect on morbidity, mortality, regeneration, increases the 
length and costs of hospital stays, and impairs quality of life 
(2-5). International recommendations have already defined 
the means and methods of body composition analysis, the 
normal limits as well as the treatment procedures used 
in pathological cases (3-6). It is a prognostic indicator of 
many chronic diseases and described as a prognostic device 
in several clinical situations, such as HIV, liver cirrhosis, 
chronic obstructive pulmonary disease, lung cancer, and 
dialysis patients (7,8). The phase angle varies with age and 
gender, and according to some ideas, it can even be a global 
marker of health. In the HDF BCP, we consider the value 
of the phase angle as an important indicator in terms of 
the lifestyle changes proposed – eating restrictions, physical 
activity habits, rest, sleep, and hygiene – to what extent the 
body experiences changes in physique and the fulfillment of 
service obligations as a chronic stressful situation. Manual 
hand grip strength is the most comprehensively tested 
physical ability test (9). Studies have shown that manual 
hand grip strength culminates in both sexes in the late 30s, 
reaching individual highs (10-12), while longitudinal and 
cross-sectional studies show a decrease in both sexes from 
the early 50s (10-17). Measured data are higher for men at 
all ages than for women, and there is evidence that decline is 
faster in men than in women (11-13). Evidence for age-re-
lated changes in other measures of physical ability is more 

restricted, because this is largely limited to cross-sectional 
data from relatively small studies, however, this limited evi-
dence consistently suggests that physical abilities decline 
gradually in later ages, furthermore, men perform better 
than women at all ages (13,18-26). The aim of the research 
was to analyze the HDF BCP participants’ pattern of the 
measurement parameters and their relationship to each 
other furthermore to create a measurement protocol that 
can be used with large number of elements, which allows 
the estimation of strength and fat-free mass.

METHODS
The examination was carried out in the HDF Medical 
Centre (Base I: 44 Robert Karoly Korut, 1134 Budapest, 
HUNGARY). The participants in the sample examined 
between 2017 and 2020 were selected from among the par-
ticipants in the HDF BCP by random selection. Due to the 
specificity of the HDF BCP – a participant must appear 
on control measurements at least every 3 months during 
the period of 12 months, therefore, a person who is a par-
ticipant throughout in the HDF BCP has been measured 
5 times – one participant could be included in the sample 
more than once.
The sample consists of 283 persons of which 54% are 
women. The measured and estimated parameters of persons 
between 18 and 67 years of age were investigated. The age 
distribution of the whole sample is shown in Figure 1 while 
the gender-differentiated age group distribution is shown in 
Figures 2 and 3. Eighty-five persons were measured once, 
69 persons twice, 62 persons 3 times, 48 persons 4 times, 
and 22 persons were measured 5 times. In case, there were 

FIGURE 1. The age distribution of all persons measured under the investigation (X-axis shows the age groups of 10-70 years, Y-axis shows the size of the 
number of elements/person).

FIGURE 2. The age distribution of all men measured under the investigation (X-axis shows the age groups of 10-70 years, Y-axis shows the size of the 
number of elements/person).
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no significant changes in the body, fat, or fat-free mass (in 
case of body mass minimum ±3 kg, in case of fat mass min 
±2 kg, and in case of fat-free mass ±1 kg), the measurement 
was not included in the measured sample. The data that are 
included in the data set were handled equally.
The device used during the examination was the Premium 
Body Impedance Analyzer 500, produced in Germany (SNr. 
13330472/1.0) and distributed by Prémium Health Concept 
Kft, which carries out body composition estimations, in the 
light of height and body mass, respective to age and gender 
with the help of the BIA software based on the bioelectric 
impedance (800/µA, 50 kHz) established between the four 
electrodes placed ipsilaterally (two on the back of the hands 
and two on the upper feet) during the examination. The 
instrument measures body resistance: The resistance (Rz) is 
the resistance of body water, the extracellular space and reac-
tance (Xc), and the intracellular space. Phase angle and Xc are 
proportionate, that is, index of cell mass. The size of the phase 
angle decreases during the decomposition of cell mass which 
makes the definition of the nutritional level possible. By mea-
suring the phase angle, the nutritional level of the body can be 
defined. The decreasing phase angle means increasing extra-
cellular mass and indicates a decline in fat-free mass.
In addition, a DYNA 16 two-channel universal strength 
meter was used; which makes it possible to measure the grip 
strength of both hands at the same time (Bretz, produced in 
Hungary; SNr: C-0379). The result is shown in Newton as 
the unit of measurement.
The persons subject to the measurement were not allowed 
to eat 4 h or drink 2 h before measurement. Sports move-
ments or physical activity were not allowed 12  h before 
measurement. Consuming alcohol was not allowed 24  h 
before measurement. Measurements were carried out in 
lying down position after the persons rested for 8-10 min.
The DYNA 16 examination was carried out in standing up 
position with the arms beside the body. This measurement 
was carried out twice within 5 min and the highest result 
was recorded.
All of the test persons gave written consent to use the data 
for statistical purposes. We placed great emphasis on fol-
lowing the ethics rules in relation to data collection and 
analysis (informed consent form and analysis inadequate 
for personal identification), the results will be communi-
cated with the compliance of ethics rules hereinafter.
The examination was approved by the Hungarian Defence 
Forces, Military Medical Centre, Psychological and Health 
Behavior Institute (EFO/2021-3206).
A multivariate regression model was created to solve 
this project. Statistical calculations are performed in R 
environment with R-Studio program (Version 4.0.2, 
2021.09.1+372). Quantitative data that did not follow a 
normal distribution are expressed as median (range) and 
were analyzed using the rank-sum test. Differences with 
p < 0.05 were considered statistically. Quantitative data are 
expressed as mean (SE) standard error.

RESULTS
Descriptive statistics for the sample are shown in Table 1 
for body weight, body fat and fat-free mass, and phase 

angle. The results and significance levels are summarized 
in Table 2. Our linear regression model creation was suit-
able enough to measure with a high degree of accuracy the 
magnitude of the maximum hand grip strength, based on 
the data, we detected and thus the estimate of the full body 
strength (Table  3) as well as the estimate of the fat-free 
mass percentage (Table 4). In the former case, data on body 
weight and body fat-free mass percentage for ages and gen-
der were required. In the latter case, data on body weight 
and maximum hand grip strength data were required by 
gender.
In this study, we did not find evidence of a decreasing trend 
with age in terms of hand grip strength performance for 
men and women, the changes did not reach the level of 
significance we claimed (Table 2). We found while exam-
ining the maximum hand grip strength and age that the 
hand grip strength decreases with the increase in age for 
men in the studied sample; however, these results did not 
show a significant difference for either men (p = 0.326) or 
women (p = 0.393). For women, the trend could not be 
confirmed. In our linear regression model, we examined 
among others the estimation of the maximum hand grip 
strength. According to this, since the error was normally 
distributed, the value can be estimated using the values of 
body weight, fat-free mass, age, and gender (Table 3). In 
our linear regression model, we examined the estimation of 
fat-free mass percentage. According to this, since the error 
is normally distributed in this, the value can be estimated 
using the values of body weight, maximum hand grip 
strength, and gender (Table 4).
In terms of phase angle and maximum hand grip strength, 
it can be said that an increase in the phase angle is accom-
panied by an increase in the maximum hand grip strength, 
consequently, the strength of the full body increases 
(Figure 4). Regarding body weight and hand grip strength, 
as body weight increases, the strength of the whole body 
increases according to our results (Figure 5). This tendency 
can also be observed if the sample is differentiated by gen-
der (Figures 6 and 7). If the sample is differentiated accord-
ing to age in each age group, the magnitude of hand grip 
strength also increases with the increase of body weight 
(Figures 8-10).
In the former case, the values of the variables such as body 
weight, fat-free mass, age, and gender were included in the 
model, while in the latter case, our linear regression model 
was constructed with the help of body weight, maximum 
hand grip strength, and the variable value of gender.

DISCUSSION
The aim of the research was to analyze the pattern of mea-
surement parameters in the program participants and 

TABLE 1. A descriptive statistic of the sample was a total of 708 
measurements for 283 subjects

Body 
weight (kg)

Body fat 
(%)

Fat-free 
mass (%)

Phase angle 
(Degree ˚)

Women 
(391)+

82.2  
(SE18.5)

41.0 
(SE8.0)

25.8 
(SE3.4)

5.8 
(SE0.8)

Men 
(317)+

103.4 
(SE19.4)

29.2 
(SE7.6)

33.1 
(SE4.3)

6.6 
(SE0.8)

+: Number of measurements
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their relationship to each other as well as to create a mea-
surement protocol that can be used with a large number 

of elements, which allows the estimation of strength and 
fat-free mass. The indicator quality of the phase angle has 
already been proven in the aspect of health (8). In addition, 
the connection between phase angle and physical fitness 
has been revealed in multiple cases (27,28). In each age 
group (children, adolescents, adults, and elderly people), a 
close relationship between the phase angle and fat-free mass 
strength, as well as aerobic capacity has been found (29). 
This study confirmed that the application and consider-
ation of the phase angle can be an important indicator of a 
lifestyle change program, especially in the case, where the 
magnitude of the whole-body strength is one of the condi-
tions for work, service, and conscription. Taking the change 
in the phase angle, as a quantitative index into consider-
ation is essential in a body weight rehabilitation program in 
which only a slight fluctuation in the maintaining of mus-
cle strength and cardiovascular capacity is acceptable. In the 
contrary case, even the combat readiness is under threat in 
specific armed units.
The correlation between maximum hand grip strength 
and whole-body strength has been supported by a num-
ber of studies and is accepted as evidence even today. In 
this study, we did not find evidence of a decreasing trend 
with age in terms of hand grip strength performance for 
men and women, the changes did not reach the level of 
significance we claimed (Table 2). The reason for this might 
be that the study sample includes subjects from a special 
population. It can be mentioned as a weakness of the pres-
ent study that all subjects examined are members of armed 

TABLE 2. Results of linear regression correlation of phase angle, maximum hand grip strength, body weight, and age (n=708)
Estimated value Standard error t-value p

Regarding phase angle(˚) and maximum hand grip strength(N)

Independent continuous variables 5.04 0.10 52.31 <0.001
Maximum hand grip strength(4) 2.52×10-3 2.03×10-4 12.43 <0.001

Regarding maximum hand grip strength(N) and age (men) 
Dependent continuous variables 656.12 31.72 20.67 <0.001
Age(5) -1.60 0.74 -2.46  0.326

Regarding maximum hand grip strength(N) and age (women) 
Dependent continuous variables 329.22 15.01 21.81 <0.001
Age(6) 0.31 0.37 0.85  0.393

Regarding maximum hand grip strength(N) and body weight(kg)

Dependent continuous variables 138.16 21.13 6.53 <0.001
Body weight(7) 3.42 0.22 15.27 <0.001

Regarding maximum hand grip strength(N) and body weight for men(kg) 
Dependent continuous variables 496.75 30.06 16.52 <0.001
Body weight(8) 0.89 0.29 3.13 <0.002

Regarding maximum hand grip strength(N) and body weight for women(kg) 
Dependent continuous variables 271.94 14.53 18.71 <0.001
Body weight(9) 0.85 0.17 4.92 <0.001

Regarding maximum hand grip strength(N) and body weight(kg) for ages between 10 and 35
Dependent continuous variables 179.42 44.36 4.05 <0.001
Body weight(10) 2.70 0.50 5.40 <0.001

Regarding maximum hand grip strength(N) and body weight(kg) for ages between 35 and 50 
Dependent continuous variables 144.97 26.26 5.52 <0.001
Body weight(11) 3.48 0.27 12.78 <0.001

Regarding maximum hand grip strength(N) and body weight(kg) for ages 50 < 
Dependent continuous variables 88.83 62.26 1.43 0.157
Body weight(12) 3.69 0.68 5.42 <0.001

(˚) Degree, unit of phase angle, (N) Newton, unit of hand grip strength, (kg) Kilogram, unit of body weight, (4‑12) Serial number of the (regression line) 
diagram showing the tendency of the given relation

TABLE 3. Estimation of the maximum hand grip strength using the 
values of body weight, fat-free mass, age, and gender on the basis of 
linear regression model (n=708)

Estimated 
value

Standard 
error

t-value p

Estimation of the maximum hand grip strength
Dependent 
continuous variables

126.14 73.74 1.71 0.088

Body weight 2.38 0.23 10.55 <0.001
Fat-free mass 10.13 1.13 8.98 <0.001
Age 0.14 0.35 0.39 0.700
Gender −123.56 13.50 -9.15 <0.001

R2=0.74

TABLE 4. Estimation of the fat-free mass percent using the values of 
body weight, maximum hand grip strength, and gender on the basis of 
linear regression model (n=708)

Estimated 
value

Standard 
error

t p

Estimation of fat-free mass
Dependent 
continuous 
variables

51.25 1.08 47.32 <0.001

Body weight −0.16 0.00 −31.54 <0.001
Maximum hand grip 
strength

0.01 0.00 9.12 <0.001

Gender -8.00 0.34 -23.56 <0.001
R2=0.78
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units which means that it is not possible to generalize the 
results. It would be preferable to carry out these measure-
ments in other populations and compare the results with 
those shown in this study.
A peculiarity of the armed services can be that everyday 
activities are sufficient to moderate the strength deficit 
increasing with age. Furthermore, the specificity of these 
professions is the physical fitness test, which is obligatory 

every year under the age of 50, is likely to be carried out, 
whereby some tests must be performed such as the 3200 m 
flat race for the physical fitness of the cardiovascular system 
and arm bending in push-ups for assessing the strength 
endurance of the muscles of the body and arms as well as 
tests from lying on the back to sit-ups performed within 
2 min in a maximum repeated number. Although the ten-
dency could be observed for men, there was no tendentious 

FIGURE 3. The age distribution of all women measured under the investigation (X-axis shows the age groups of 10-70 years, Y-axis shows the size of the 
number of elements/person).

FIGURE 7. Regression line showing the tendency of the linear regression 
results of the maximum hand grip strength (Y-axis) unit is in Newton and the 
body weight (X-axis) unit is in kilograms for women.

FIGURE 9. Regression line showing the tendency of the linear regression 
results of the maximum hand grip strength (Y-axis) unit is in Newton and the 
body weight unit is in kilograms of ages between 35 and 50 years (X-axis).

FIGURE 8. Regression line showing the tendency of the linear regression 
results of the maximum hand grip strength (Y-axis) unit is in Newton and the 
body weight unit is in kilograms of ages between 10 and 35 years (X-axis).

FIGURE 4. Regression line showing the tendency of the linear regression 
results of the phase angle (Y-axis) unit is in degrees and the maximum hand 
grip strength (X-axis) unit is in Newton.

FIGURE 5. Regression line showing the tendency of the linear regression 
results of the maximum hand grip strength (Y-axis) unit is in Newton and the 
body weight (X-axis) unit is in kilograms.

FIGURE 6. Regression line showing the tendency of the linear regression 
results of the maximum hand grip strength (Y-axis) unit is in Newton and 
the body weight (X-axis) unit is in kilograms for men.
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change for women, which needs further research to clar-
ify. In addition, we identified that the weight gain in the 
study sample was accompanied by an increase in hand grip 
strength for both men and women. In the former case, 
the tendency was significantly shown while in the latter 
case, it was less significant. If the sample was not differ-
entiated by gender in different age groups, weight gain 
was accompanied by an increase in whole-body strength 
in the context of younger (10-35  years), as well as mid-
dle-aged (35-50 years) and still older (older than 50) ages 
(Figures 8-10). These results agree with those available in 
the international literature (28,29). Our linear regression 
model was able to define the fat-free mass percentage of the 
body as well as the magnitude of the hand grip strength 
using the variables we examined, thereby to infer to the 
strength of the full body.
Within the armed forces, during the physical fitness tests, 
due to able-bodiedness and military force planning, spe-
cial attention is paid to processes that make it easier for 
populations with large number of elements to measure and 
estimate body composition, with special attention to body 
fat and fat-free mass, as fast and accurate as possible (30). 
The model we created is part of this effort, and after spec-
ifying it further, it can become part of the physical fitness 
examinations that would make the work of the staff carry-
ing out the examinations and the staff taking part of the 
examinations easier.

CONCLUSION
The increasing number of the participants in the HDF 
BCP allows for the number of instruments in the proce-
dure to be reduced over time by examining the correla-
tion between variables and we can perform a large num-
ber of body composition estimates as well as estimates of 
parameters related to physical fitness. The created linear 
regression model can be the basis of a procedure, in which 
we will be able to estimate body fraction in significant 
numbers with high accuracy after measuring minimum 
parameters.
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