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ANALYTICAL METHOD FOR DETERMINING 
ANTROPOMETRIC PARAMETERS IN BODY MASS 

REDUCTION PROCESS IN THE ASPECT OF HEALTH 
SAFETY 

Abstract. In this study, for the first time we developed a mathematical model showing 
that the reduction in parameters such as total body mass, total fat mass, visceral fat 
mass, waist circumference, hip circumference and body mass index (BMI) can be 
described using exponential equations. Constants kt, kf, kfv, kBMI, kp, kb that occur in 
particular equations characterize individual features related to these anthropometric 
parameters. The presented model was verified using experimental data obtained by 
analysis of body composition. These individuals were overweight in the initial moment 
of the experiment and eliminated or limited easily digestible products containing sugar 
from their diet. We showed that there is a critical time, when each individual achieved 
normal values of body mass index, fat mass, visceral fat mass, waist circumference, hip 
circumference, and waist-hip ratio. This critical time ranged between 35 and 46 weeks. 
Keywords: Overweight reduction, mathematical model, bioelectric impendance method, 
overweight reduction coefficient, low-sugar diet, health security. 
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ANALITYCZNA METODA OKREŚLANIA PARAMETRÓW 
ANTROPOMETRYCZNYCH W PROCESIE REDUKCJI MASY 

CIAŁA W ASPEKCIE BEZPIECZEŃSTWA ZDROWIA 

Streszczenie: W tym badaniu jako pierwsi opracowaliśmy model matematyczny poka-
zujący, że zmniejszenie parametrów, takich jak całkowita masa ciała, całkowita masa 
tłuszczu, trzewna masa tłuszczowa, obwód talii, obwód bioder i wskaźnik masy ciała 
(BMI), można opisać za pomocą równania wykładniczego. Stałe kt, kf, kfv, kBMI, kp, kb 
występujące w poszczególnych równaniach charakteryzują poszczególne cechy zwią-
zane z tymi parametrami antropometrycznymi. Przedstawiony model zweryfikowano za 
pomocą danych eksperymentalnych uzyskanych poprzez analizę składu ciała. Osoby 
badane  miały nadwagę w początkowym momencie eksperymentu i wyeliminowały lub 
ograniczyły z diety łatwo przyswajalne produkty zawierające cukier. Pokazaliśmy 
krytyczny czas, kiedy każdy człowiek osiąga normalne wartości wskaźnika masy ciała, 
masy tłuszczu, masy trzewnej, obwodu talii, obwodu bioder i stosunku talii do bioder. 
Ten krytyczny czas waha się od 35 do 46 tygodni. 
Słowa kluczowe: redukcja nadwagi, model matematyczny, metoda impedancji bioelek-
trycznej, współczynniki redukcji nadwagi, dieta niskocukrowa, bezpieczeństwo zdrowotne. 

Abbreviations: mt, total body mass; mf, total fat mass; mfv, visceral fat mass; BMI, body 
mass index; lp, waist circumference; lb, hips circumference; WHR, wist-hip ratio. 

Introduction 

Nourishment is the source of the major driving force of every living 
organism that enables whole organism as well as its elements to do the useful 
work such as daily physical and intellectual activity [16]. Overeating leads to 
weight gain and obesity that significantly increases risk of developing life-
threatening conditions such as type II diabetes, chronic cardiovascular disease, 
stroke, certain types of cancer, gall stones, calcification osteoarthritis and gout 
[15, 6, 7, 11]. According to World Health Organization, 2014 39% of the world’s 
adult population were overweight in and 13% were obese [20]. This phenomenon 
is expanding and is considered one of the most important health problems of 21-st 
century in all age groups of the human population [17]. Moreover, obesity is 
considered to be the mother of all diseases and dysfunctions [8]. Therefore, body 
mass reduction is an important activity from the point of view of health safety. 

Mechanism of obesity can be described by several concepts that include 
caloric imbalance, metabolic-hormonal imbalance and genetic disorder. 
According to the caloric imbalance concept, obesity is the result of an distortion 
in the energy balance between energy intake, accumulation and expenditure [19]. 
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The concept of the metabolic-hormonal imbalance imply that excessive accumu-
lation of fat in adipocytes is caused by stimulation of insulin secretion as a results 
of diet rich in high-processed carbohydrates [5, 18]. Genetic contribution to obesi-
ty include multiple gene alterations rather than one specific gene mutation [5, 12]. 
Thus, both the environmental and genetic factors contribute to obesity.  

To analyze epidemiological studies of eating disorders, it is important to 
determine basic anthropometric parameters describing composition of the human 
body [3, 9]. This studies can be made at the following levels: global (total body 
mass, height, body surface area, volume, waist and hips circumference), organ 
and tissue (muscle mass, fat and bone mass), cellular (cellular mass, extracellular 
space), molecular (fat, water, protein, minerals) and atomic (10 most important 
elements: oxygen, carbon, hydrogen, nitrogen, calcium, phosphorus, potassium, 
sulfur, sodium, chlorine) [2, 1]. To evaluate overweight and obesity at the global 
level in epidemiological studies indicators are often used such as body mass index 
(BMI) or waist-hip ratio (WHR) [9, 10]. For a normal body weight BMI is com-
prised between 18.5 and 24.9 kg/m2, for overweight between 25 and 29.9 
kg/m2,and obesity occurs when BMI ≥ 30 kg/m2. WHR represents one of the five 
indicators of metabolic syndrome and it is used as an index of adipose tissue. The 
value of the WHR index for women of normal weight is (WHR)w < 0.8, and for 
men (WHR)m < 1. Body composition on the organ and tissue level can be ana-
lyzed using bioelectrical impedance method [10, 14].  

The overweight and light obesity reduction proccess may be described by 
mathematical models showing time dependence of quantitative reduction of well 
established anthropometric parameters. To our knowledge there is no mathemati-
cal model applied to body mass reduction described in the literature. In this paper 
we present a mathematical model showing that reduction process of basic anthro-
pometric parameters such as total body mass (mt), fat mass (mf), visceral fat mass 
(mfv), waist (lp) and hips (lb) circumference can be described by exponent equa-
tions. We also confirm the model with experimental data. The study aim to show 
how elimination or limitation of carbohydrate-rich products affect the value of the 
anthropometric parameters. Additionally, the obtained model is compared to 
Michaelis-Menten model that is often applied in biochemical studies. 

Materials and Methods 

Mathematical model  

Each of the anthropometric indicators related to the state of the human 
body at a given timepoint and various physiological conditions (age, obesity, 
etc.) can be described in the general form:  
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ea XXX    (1) 

where: X – anthropometric indicator related to the state of the human body at 
a given timepoint, Xa – anthropometric indicator related to an acceptable state of 
the human body, Xe – excess of the anthropometric indicator. These indicators 
may be: total body mass (mt), fat mass (mf), BMI, visceral fat mass (mfv), water 
mass (mw), waist (lp) and hips (lb) circumference, WHR, etc.  

The human body consists of water, fat, muscle, bone and viscera and that 
a quantitative measure of these components is their mass. Therefore, the total 
body mass can be expressed by the equation: 

svomwft mmmmmmm    (2) 

where mf – fat mass , mw – water mass, mm – muscle mass, mo – bone mass, and 
mv – organ mass (heart, liver, brain, intestines, stomach etc.), ms – fascia mass. 
Fat mass is the main component that changes during weight gain.  

For normal body mass (ma), BMI fulfil condition 18,5 kg/m2 < BMI < 
24.9 kg/m2, therefore the most appropriate body mass index would be in the 
middle of this range, BMI = 21.7 kg/m2. It should be noted that a fraction of 
irreducible fat in adipose tissue is necessary as it plays important physiological 
role. For this study, we assumed that the normal values of anthropometric pa-
rameters (ma, lpa, lba) was obtained when BMI ≤ 24.9 kg/m2. Total fat mass in 
the human body (mf) is the sum of the normal fat mass (mfa) and excessive fat 
mass (mfr). Both normal (mfa) and excessive (mfr) fat masses include visceral 
part (mfav), (mfap) and remaining (mfrv) and (mfrp). This can be written in the form 

frpfrvfapfavfrfaf mmmmmmm    (3) 

where mfa = mfav + mfap and mfr = mfrv + mfrp. 
This means that the normal body mass (ma) can be presented by the formula

CmmCmm fapfavfaa    (4) 

where C = mm + mo + mv + ms. 
Therefore, the Equation (2) can be written in the following form 

frat mmm    (5) 

For overweight, waist circumference (lp) is the sum of normal waist cir-
cumference (lpa) and its excess that is caused by accumulation of fat (lpf) 

pfpap lll    (6) 

Similarly, hip circumference (lb) is the sum of normal hip circumference (lba) 
and its excess that is caused by accumulation of fat (lbf) 

bfbab lll    (7) 

Macroscopic manifestation of excessive accumulation of fat in adipocytes 
is an increased fat mass and thus total body weight, whereas macroscopic mani-
festation of removal of fat from the adipocytes is reduced fat mass and thus total 
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body weight. Considering the Eq. (2), the mass reduction process can be ana-
lyzed by analysis of the reduction of fat in adipose tissue. It is impossible to 
predict which adipocytes will remove fat in the process of weight loss, yet adi-
pocytes, reduction speed of a generalized anthropometric parameter (Xj) can be 
written as 

ee
e Xk

dt

dX
   (8) 

where (dXe/dt) – reduction speed of anthropometric parameter Xe, ke – reduction 
constant of anthropometric parameter characteristic for each individual (1/s). Xe 
can be substituted with the total body weight (mc), fat mass (mf), visceral fat 
mass (mfv), waist circumference (lp) or hip circumference (lb). 

The solution to this differential equation is the expression 
)](exp[ 00 ttkXX eee    (9) 

where Xe0 – value of an anthropometric parameter at the initial moment i.e. at 
overweight condition (t0), Xe – value of an anthropometric parameter after a 
time (t) different than the initial moment (in condition of lack of overweight or 
obesity).  
Differentiating the Eq. (9) after time, we obtain 

)](exp[ 00 ttkXk
dt

dX
eee

e    (10) 

This equation can be written in the alternative to the Eq. (10) form as 
)](exp[ 00 ttkRR eee    (11) 

where: Re =dXe/dt – reduction speed of anthropometric parameter, Re0=keXe0 – 
reduction speed of anthropometric anthropometric parameter at the initial mo-
ment.  

The Eq. (11) shows that the constant of anthropometric parameter reduc-
tion ke determines reduction rate of anthropometric parameter Re that is decreas-
ing with time t. By logarithm of both sides of Eq. (11) and applying the appro-
priate algebraic transformations we obtain 

e

e
e R

R

tt
k 0

0

ln
1


   (12)  

Measurement procedure 

The experimental study involved 4 healthy individuals, 2 men and 2 
women and started in September 2014. Participants eliminated from their diet 
products containing corn syrup, sweets, alcohol, refined carbohydrates (white 
flour), sucrose, fruits rich in fructose (plums, pears, grapes), and reduced to a 
minimum starch-rich vegetables (potatoes, beans). They followed a regime of 



196 A. Ślęzak i in. 

having 4-5 meals a day between 7 a.m. and 6 p.m. Participation in the study was 
voluntary. Participants decided to change diet mainly for aesthetic and not med-
ical reasons.  

Sex, age, height (h), total body mass (mt), BMI, waist circumference (lp) 
hip circumference (lb) and WHR of individuals marked 1, 2, 3, 4 at the start of 
experiment are presented in Table 1. 

Tab. 1. Anthropomorphic indicators at the initial timepoint (t0) sex, age, height (h) and total body 
mass (mt), BMI (body mass index), waist circumference (lp), hips circumference (lb), WHR (wist-
hip ratio). 

Individual Sex Age 
(years) 

h 
(m) 

mt 
(kg) 

BMI 
(kg/m2) 

lp 
(m) 

lb 
(m) 

WHR 

1 M 62 1.85 113.0 33.02 1.06 1.15 0.92 

2 M 41 1.82 104.8 31.64 1.02 1.12 0.91 

3 W 41 1.65 89.6 32.91 0.98 1.14 0.86 

4 W 36 1.66 81.8 29.68 0.99 1.14 0.87 

 
BMI was calculated based on formula BMI = mt/h

2 kg/m2 and WHR based on 
the formula WHR = lp/lb. As shown in the Table 1, the subjects 1−3 show light 
obesity, and the subject 4 overweight. All participants were equipped with er-
gonomic circumference measuring tape SECA 201 (Seca gmbh, Hamburg, 
Germany), Microtoise 2.20 (Girodmedical, Nantes, France) and body composi-
tion analyzer TANITA BC 420 SMA (Tanita Corporation, Tokyo, Japan) and 
were instructed in the measuring procedures. Waist circumference (lp) and hips 
circumference (lb) were measured to the nearest 1 mm using ergonomic circum-
ference measuring tape SECA 201. The standing body height (stature) was 
measured to the nearest 1 mm using a Microtoise 2.20. Each measurement was 
done in triplicate and arithmetic average of these measurements was used. Body 
composition was analyzed by measuring bioelectrical impedance using TAN-
ITA BC 420 SMA analyzer [10, 14]. The analyzer cooperate with GMON pro-
gramme (Tanita Corporation, Tokyo, Japan) and provides data such as total 
body mass (mt), fat mass (mf), total body water or water mass (mw), muscle mass 
(mm), bone mass (mo), and visceral fat mass (mfv). Total body mass and muscle 
mass were measured to the nearest 100 g, fat mass and water mass to the nearest 
0.1%. Measurements were performed by participant every Saturday, i.e., at 
week intervals for 54 weeks at their place of residence. All measurements were 
performed in the morning (~700), in the vertical body position, without clothes 
and jewelry, 30 minutes after urination, before breakfast. Intense physical activ-
ity was avoided at least 12 hours before the measurement.   
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Curve fitting 

For measurements of mt, mf, mfv, BMI, lp and lb, a first-order exponential 
decay curve was fitted into data points using Origin Software 6.1 (OriginLab 
Co, Northampton, MA, USA). The equation obtained for the fitted curves can 
be writted in a general form:  

)exp(0 tkAXX eea    (13) 

where: Xa – normal value of the generalized anthropometric parameter, Ae0 = X0 

– Xa – amplitude of reduction of generalized anthropometric parameter, 
ke – constant of reduction of generalized anthropometric parameter, t – time. 
The constances Xa, Ae0 and ke are parameters for the fitted curves. 

The fitted curves calculated based on Eq. (13) are shown in graphs as full 
lines for reduction of mt, mf, mfv, BMI, lp, lb parameters. Eq. (13) is presented in 
a corresponding form for each analyzed parameter in the figure legends. 

Constant of reduction of generalized anthropometric parameter (ke) was 
calculated separately for mt, mf, mfv, BMI, lp, lb parameters using equations ob-
tained from curves fitted to set of data points for each individual. This curve 
fitting resulted in the certain constances kt, kf, kfv, kBMI, kp and kb for measured 
parameters. 

Results and Discussion 

This paper presents the measurement results of the total body mass (mt), 
fat mass (mf), visceral fat mass (mfv), waist circumference (lp), hip circumfer-
ence (lb) for an individual 1 (□), 2 (○), 3 (⋄) and 4 (△) obtained during 54 
weeks. In addition, we calculated BMI and WHR for each individual and 
timepoint. The average results of measurements of water mass (mw), muscle 
mass (mm), bone mass (mo) are listed in Table 2. The measurements shown in 
Table 2 indicate that the total water mass (mw), the total muscle mass (mm) and 
the total bone mass (mo) fluctuate around the average values. It can therefore be 
assumed that the total water mass (mw), total muscle mass (mm) and total bone 
mass (mo) are constant within the measurement uncertainty. Given that we can 
simplify Eq. (2) to the form 

Cmm ft   (14) 

where C = mm + mo + mv + ms = const. A constant C is different for each individual 
(Table 2). C is similar for the two men (C1 ≈ C2) and the two women (C3 ≈ C4) and 
C1 ≈ C2 > C3 ≈ C4.  
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Tab. 2. Mean values of the water mass (mw), muscle mass (mm), bone mass (mo) determined by 
bioelectrical impedance for four individuals 

Individual mass (kg) of C (kg) 

water (mw) muscles (mm) bones (mo) 

1 51.24±0.92 19.75±0.30 3.68±0.10 74.67±0.44 

2 50.84±0.74 19.76±0.19 3.62±0.06 74.22±0.33 

3 35.76±0.77 12.23±0.19 2.56±0.07 50.55±0.34 

4 33.44±0.36 11.22±0.17 2.50±0.02 47.16±0.18 

Reduction of total body mass was shown in Fig. 1 as nonlinear depend-
ence mt = f(t). For the individual 1 (□), there was a 28.6 kg decrease in the total 
body mass that constituted 25.3% of initial mt, for the individual 2 (○) there was 
23.6 kg decrease that was 23.6% of initial mt, for the individual 3 (⋄) there was a 
24.8 kg decrease that was 27.7% of initial mt, while for the individual 4 (△), 
there was a 14.7 kg decrease that was 18.0% of initial mt in 54 weeks (tk). In the 
beginning the rate of body mass reduction was substantially faster than in the 
end of the experiment. 

 
Fig. 1. Dependence mt = f(t) for the individual 1 (□), 2 (○), 3 (⋄) and 4 (△). Solid lines 1-4 illustrate 
the results of the calculations of the total body mass (mt) based on the equation mt = mta + At0 exp 
(-ktt). For the individual 1 mta = 83.14 ± 0.27 kg, At0 = 28.68 ± 0.29 kg, kt = (5.70 ± 0.02) × 10-2 
(week)-1 (2 = 0.329, R2 = 0.995). For the individual 2 mta = 80.88 ± 0.06 kg, At0 = 23.57 ± 0.12 kg, 
kt = (8.64 ± 0.01) × 10-2 (week)-1 (2 = 0.047, R2 = 0.999). For the individual 3 mta = 61.44 ± 
0.29 kg, At0 = 27.70 ± 0.24 kg, kt = (3.87±0.01) × 10-2 (week)-1 (2 = 0.107, R2 = 0.998). For the 
individual 4 mta = 64.91 ± 0.24 kg, At0 = 15.75 ± 0.20 kg, kt = (3.77 ± 0.01) × 10-2 (week)-1 (2 = 
0.066, R2 = 0.996). 
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At the starting point of the experiment, the BMI was in the obesity range 
for individuals 1-3 and in overweight range for individual 4. Reduction of BMI 
shown in Fig. 2 as nonlinear dependence BMI = f(t) was calculated using total 
body mass measurement shown in Figure 1 and height measurements listed in 
Table 1. From these curves it results that a decline in BMI was 8.36 kg/m2 for 
the individual 1 (□), 7.12 kg/m2 for the individual 2 (○), 9.11 kg/m2 for the indi-
vidual 3 (⋄) and 5.31 kg/m2 for the individual 4 (△). All 4 individuals reached 
normal body mass with BMI < 24.9 kg/m2 by the end of experiment. 

 
Fig. 2. Dependence BMI = f(t) for the individual 1 (□), 2 (○), 3 (⋄) and 4 (△) calculated based on 
formula BMI = mt/h

2 (kg/m2) and the test results shown in Fig. 1 and listed in Table 1. Solid lines 
1-4 illustrate the results of the BMI calculations based on equation BMI = (BMI)a + ABMI0 exp 
(–kBMIt). For the individual 1 (BMI)a = 24.29 ± 0.08 kg/m2, ABMI0 = 8.38 ± 0.09 kg/m2, kBMI = kt = 
(5.70 ± 0.02) × 10-2 (week)-1 (2 = 0.329, R2 = 0.995). For the individual 2 (BMI)a = 24.42 ± 0.02 
kg/m2, ABMI0 = 7.11 ± 0.03 kg/m2, kBMI = kt = (8.64 ± 0.01) × 10-2 (week)-1 (2 = 0.047, R2 = 0.999). 
For the individual 3 (BMI)a = 22.58 ± 0.11 (kg/m2), ABMI0 = 10.17 ± 0.09 kg/m2, kBMI = kt = (3.87 ± 
0.01) × 10-2 (week)-1 (2 = 0.107, R2 = 0.998). For the individual 4 (BMI)a = 23.55 ± 0.09 kg/m2, 
ABMI0 = 5.72 ± 0.07 kg/m2, kBMI = kt = (3,77 ± 0.01) (week)-1 (2 = 0.066, R2 = 0.996). 

 
Reduction of total fat mass was shown as a nonlinear dependence mf = f(t) 

in Fig. 3. The dependence mf = f(t) indicates that the total fat mass dropped 26.6 
kg (71.5% of initial mf) for the individual 1 (□), 19.0 kg (72.2% of initial mf) for 
the individual 2 (○), 21.8 kg (60.2% of initial mf) for the individual 3 (⋄) and 
12.8 kg (38.9% of initial mf) for the individual 4. Next, we calculated reduction 
of total visceral fat mass shown in Figure 4 as a nonlinear dependence 
mfv = f(t). The dependence mfv = f(t) indicates that the total visceral fat decreased 
11.2 kg (71.3% of initial mfv) for the individual 1 (□), 7.8 kg (70.9% of initial 
mfv) for the individual 2 (○), 4.8 kg (60.0% of initial mfv) for the individual 3 (⋄) 
and 2.7 kg (38.6% of initial mfv) for the individual 4 (△). For each individual, 
the percentage of reduction for total fat mass and viscelar fat mass was similar. 
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Fig. 3. Dependence mf = f(t) for the individual 1 (□), 2 (○), 3 (⋄) and 4 (△). Solid lines 1-4 illustrate the 
results of the calculations of total fat mass (mf) based on the equation mf = mfa + Af0 exp (-kft). For the 
person 1 mfa = 10.50 ± 0.25 kg, Af0 = 25.62 ± 0.35 kg, kf = (7.14 ± 0.03) × 10-2 (week)-1 (2 = 0.457, R2 = 
0.991). For the individual 2 mfa = 6.81 ± 0.11 kg, Af0 = 20.33 ± 0.19 kg, kf = (7.75 ± 0.02) × 10-2 (week)-

1 (2 = 0.126, R2 = 0.996). For the individual 3 mfa = 9.64 ± 0.38 kg, Af0 = 26.50 ± 0.32 kg, kf = (3.17 ± 
0.01) × 10-2 (week)-1 (2 = 0.085, R2 = 0.998). For the individual 4 mfa = 17.43 ± 0.27 kg, Af0 = 15.27 ± 
0.22 kg, kf = (3.40 ± 0.01) × 10-2 (week)-1 (2 = 0.056, R2 = 0.996). 

 
Fig. 4. Dependence mfv = f(t) for the individual 1 (□), 2 (○), 3 (⋄) and 4 (△). Solid lines 1-4 illustrate the 
results of the calculations of visceral fat mass (mfv) based on the equation mfv = mfva + Afv0 exp (–kfvt). 
For the individual 1 mfva = 4.43 ± 0.11 kg, Afv0 = 10.74±0.15 kg, kfv = (6.80 ± 0.02) × 10-2 (week)-1 (2 = 
0.086, R2 = 0.990). For the individual 2 mfva = 2.96 ± 0.04 kg, Afv0 = 8.31 ± 0.07 kg, kfv = (8.01 ± 0.01) × 
10-2 (week)-1 (2 = 0.020, R2 = 0.996). For the individual 3 mfva = 2.15 ± 0.09 kg, Afv0 = 5.80 ± 0.07 kg, 
kfv = (3.21 ± 0.01) × 10-2 (week)-1 (2 = 0.005, R2 = 0.998). For the individual 4 mfva = 3.71 ± 0.06 kg, 
Afv0 = 3.25 ± 0.05 kg, kfv = (3.41 ± 0.01) × 10-2 (week)-1 (2 = 0.003, R2 = 0.996). 
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Fig. 5 shows that time dependence of waist circumference (lp) is nonline-
ar and can be presented as lp = f(t). The difference in waist circumference be-
tween the start and the end of experiment was 0.14 m for the individual 1 (□), 
0.15 m for the individual 2 (○), 0.115 m for the individual 3 (⋄) and 0.08 m for 
the individual 4 (△). The reduction of initial waist circumference ranged from 
14.7% for individual 2 to 8.0% for individual 4. Next, the results of time de-
pendence of hips circumference (lb) presented in Fig. 6 show that that depend-
ence lb = f(t) is nonlinear. The decrease in hips circumference for each individu-
al is as follows: 0.15 m for the individual 1 (□), 0.09 m for the individual 2 (○), 
0.1 m for the individual 3 (⋄) and 0.08 m for the individual 4 (△). Thus, reduc-
tion of initial hips circumference ranged from 13% for individual 1 to 7% for 
individual 4. A comparison of the test results shown in Figure 5 and 6 indicated 
that stabilization value of the lb occured earlier than the stabilization of the lp for 
all individuals. For the individual 1, 3 and 4, normal lp appeared after tc1 = 48 
weeks and for the individual; 2 for tc2 ≥ 40 weeks. For all four individuals, nor-
mal lb appeared at similar timepoint of tc1 = tc2 = tc3 = tc4 ≥ 16 weeks.  

 
 

Fig. 5. Dependence lp = f(t) for the individual 1 (□), 2 (○), 3 (⋄) and 4 (△). Solid lines 1-4 illustrate 
the results of the calculations of waist circumference (lp) based on the equation lp = lpa + Ap0 exp (–
kpt). For the individual 1 lpa = 0.920 ± 0.004 m, Ap0 = 0.140 ± 0.001 m, kp = (5.757 ± 0.001) × 10-2 
(week)-1 (2 = 0.044, R2 = 0.998). For the individual 2 lpa = (0.870 ± 0.001) m, Ap0 = (0.150 ± 
0.001) m, kp = (7.303 ± 0.002) × 10-2 (week)-1 (2 = 0.01, R2 = 0.999). For the individual 3 lpa = 
(0.880 ± 0.001) m, Ap0 = (0.105 ± 0.001) m, kp = (2.473 ± 0.001) × 10-2 (week)-1 (2 = 0.001, R2 = 
0.999). For the individual 4 lpa = (0.911 ± 0.002) m, Ap0 = (0.080 ± 0.001) m, kp = (3.119 ± 0.001) 
× 10-2 (week)-1 (2 = 0.001, R2 = 0.996). 

 
 



202 A. Ślęzak i in. 

 
Fig. 6. Dependence lb = f(t) for the individual 1 (□), 2 (○), 3 (⋄) and 4 (△). Solid lines 1-4 illus-
trates the results of the calculations of hips circumference (lb) based on the equation lb = lba + Ab0 
exp (–kbt). For the individual 1 lba = 1.000 ± 0.001 m, Ab0 = 0.1483 ± 0.0019 m, kb = (16.990 ± 
0.001) × 10-2 (week)-1 (2 = 0.001, R2 = 0.994). For the individual 2 lba = 1.030 ± 0.001 m, Ab0 = 
0.0868 ± 0.0013 m, kb = (157.602 ± 0.29) × 10-2 (week)-1 (2 = 0.001, R2 = 0.991). For the indi-
vidual 3 lba = 1.0401 ± 0.0001 m, Ab0 = 0.0977 ± 0.0016 m, kb = (11.349 ± 0.003) × 10-2 (week)-1 
(2 = 0.001, R2 = 0.989). For the individual 4 lba = 1.061 ± 0.001 m, Ab0 = 0.0076 ± 0.0018 m, kb = 
(16.802 ± 0.001) × 10-2 (week)-1 (2 = 0.001, R2 = 0.979). 

Fig. 7 shows dependence WHR = f(t) for the person 1 (□), 2 (○), 3 (⋄) and 
4 (△), calculated based on the results of lp = f(t) and lb = f(t) shown in Figs. 5 
and 6. Curves 1, 3 and 4 in this figure demonstrate that the WHR initially in-
creases, and for t10=10 weeks, reaches the maximal value WHR = 0.97 (curve 
1), WHR = 0.89 (curves 3 and 4), and then decrease linearly to a fixed value 
WHR = 0.92 (curve 1), WHR = 0.84 (curve 3) and WHR = 0.85 (curve 4). Ex-
ponential decrease in WHR is observed only for curve 2, where WHR decreases 
from WHR = 0.91 (for t0=0) to WHR = 0.84 (for tk=54 weeks). The Lorenz 
curves to curves 1, 3 and 4 were fitted. From Fig. 7 it results that a clear stabili-
zation of WHR occured after tc1=tc2 ≥28 weeks for individuals 1 and 2. For indi-
viduals 3 and 4 the WHR values tend to decrease in the direction of stability, 
but did not reach an normal value within 54 weeks. In addition, a comparison of 
the results shown in Figs. 5 and 7 indicates that stabilization of WHR is coupled 
to the stabilization of the lp for all individuals. 
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Fig. 7. Dependence WHR = f(t) for the individual 1 (□), 2 (○), 3 (⋄) and 4 (△) calculated based on 
the test results of lp = f(t) and lb = f(t) listed in Fig. 5 and 6 and equation WHR = lp × lb

-1. Solid 
lines 1-4 illustrate the results of the curve fitting: the Lorenz curve (curve 1) (area – 1.761, center 
– 12.57, width – 24.4, offset – 0.92 and height – 0.046, 2 = 0.728, R2 = 0.934), the exponent 
(curve 2) WHR = (WHR)a + AWHR0 exp (–kWHRt), (WHR)a = 0.836 ± 0.001 m, AWHR0 = 0.0764 ± 
0.0013 m, kWHR = (0.0457 ± 0.0029) × 10-2 (week)-1 (2 = 0.0001, R2 = 0.988), the Lorenz curve 
(curve 3) (area – 2.71, center – 12.55, width – 35.06, offset – 0.84 and height – 0.049, 2 = 
0.0001, R2 = 0.971), the Lorenz curve (curve 4) (area – 1.67, center – 11.82, width – 31.31, offset 
– 0.86 and height – 0.034, 2 = 0.0001, R2 = 0.925). 

 
The course of the curves that are demonstrated in Figs. 1-7 shows that 

there is a critical time (tci, i =1, 2, 3, 4), different for the individual curves, after 
which normal values of body weight (mta) (Fig. 1), BMI (BMIa) (Fig. 2), fat 
mass (mfa) (Fig. 3), visceral fat mass (mfva) (Fig. 4) waist circumference (lpa) 
(Fig. 5) hips circumference (lba) (Fig. 6) and WHR (WHRa) (Fig. 7) were 
achieved. For the curves 1 and 4, which are presented in Figs. 1-4, this critical 
time is tc1 = tc4 = 44 weeks, for the curve 2 – tc2 = 35 weeks, and for the curve 3 
– tc3 = 46 weeks.  

Results shown in Figs. 1-6 demonstrate that constants kt, kf, kfv, kBMI, kp 
and kb characterized individual features that corresponded to the rate of the re-
duction of macroscopic parameters, such as total body mass (mt), fat mass (mf), 
visceral fat mass (mfv), BMI, waist circumference (lp) and hips circumference 
(lb), respectively. Table 3 demonstrate that constants kt, kBMI, kf, kfv and kpi can be 
determined for each individual and these constants fulfil the following condition 
(within the uncertainty of measurement) 

ipfvfBMIt kkkkkk   (15) 

where i = 1, …, 4.  
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Tab. 3. Values of reduction constants of total body mass (kt), BMI (kBMI), fat mass (kf), visceral fat 
mass (kfv), waist circumference (kp), hips circumference (kb), ki – the arithmetic mean of the kt, kf, 
kfv annd kpi for individual 1, 2, 3 and 4.  

Individual 
i 

kt= kBMI 
×102 
((week)-1) 

kf×102 
((week)-1) 

kfv ×102 
((week)-1) 

kpi ×102 
((week)-1) 

ki ×102 
((week)-1) 

kbi ×102 
((week)-1) 

1 5.70 7.14 6.82 5.76 6.15±0.33 16.99 

2 8.64 7.75 8.05 7.30 7.72±0.27 157.60 

3 3.87 3.17 3.20 2.47 2.94±0.27 11.35 

4 3.77 3.40 3.39 3.20 3.36±0.11 16.80 

 
The condition presented above is the result of coupling the reduction pro-

cesses of total body mass with reduction of BMI, total fat mass, visceral fat 
mass and waist circumference. Furthermore, k2 > k1 > k4 > k3, wherein k2 is in-
significantly greater than k1 and k4 is insignificantly greater than k3, whereas k2 
and k1 are 2 fold greater than k4 and k3. Therefore, this condition can be written 
as k2 ≈ k1 > k4 ≈ k3. Individuals 1 and 2 are men, whereas 3 and 4 are women, 
therefore k constantsvalue is strongly linked to a sex of the individuals. In con-
trast, various relationships between the coefficients ki and kbi did not depend on 
a gender of the subjects. It can merely be written that ki < kbi (i = 1, …, 4). This 
relationship indicates that there was no coupling between the processes of re-
duction of total body mass with reduction of BMI, total fat mass, total visceral 
fat mass and waist circumference with the process of reduction of hips circum-
ference.  

The results presented in this paper show that described nutrition regime 
resulted in reduction of fat mass (total and visceral), which is revealed as reduc-
tion of total body mass, as well as waist and hips circumference. Fat mass de-
creased exponentially. It seems that the coefficient ke which occurs in the Eq. 
(13) is a measure of inter-individual variability and its value is ~2 fold higher 
for men than for women (Table 3). In addition, it can be noted that the kp coeffi-
cient calculated based on the measurements of waist circumference (lp) has 
a similar value (within the measurement uncertainty) as coefficients kf, km and 
kfv. Therefore, the measurements of waist circumference correspond well with 
the measurements of total body mass, fat mass and visceral fat mass.  

To describe the process of removing substrate of the human body Mich-
aelis-Menten equation is often used [13, 4]. For processes of reduction anthro-
pometric parameters considered in the paper the equation we will write in the 
form 
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em

ee

XK

Xv

dt

dX


 max  (16) 

where vmax = (dXe/dt)max – maximal reduction speed of anthropomorphic parame-
ter Xe, Km – Michaelis-Menten constant, which quantifies the anthropometric 
parameter value at which the rate of the reduction process of this parameter is 
equal to half of the vmax. 

To discuss the usefulness of the Eq. (16) to describe the process of reduc-
ing Xe, is enough to compare the Eqs. (9) and (16) and check whether there is 
a relationship 

em
e XK

v
k


 max  (17) 

The results described in paper indicate that a process of reduction anthro-
pometric parameters is coupled to the reduction of fat mass (mf), contained in 
a non-uniformly flattened adipose tissue. Accordingly, the analysis of Eq. (17) 
we can be limited to calculation of kf, assuming vmax = vfmax = (dmf/dt)max, 
Km = Kmf oraz Xe = mfa. In order to determine vfmax and Kmf we use the experi-
mental results shown in Fig. 3 and the method of Linewaeaver-Burk [Moody et 
al. 1974; Han and Lavenspiel 1988]. Linewaeaver-Burk method is based on the 
linear curve fitting in the experimental dependence described with ∆t/(Xe0 – Xe) 
= f(1/Xe) equation to aquire values of 1/Km and 1/vmax from the fitted curve. To 
obtain ke the values of Km and vmax are considered in Eq. (17).  

The results of the calculations of vfmax, Kmf and kec are summarized in Ta-
ble 4. The table shows that for the individual 1 kfc = 0.49kf, for the individual 
2 kfc = 0.65kf, for the individual 3 kfc = 0.94kf and for the individual 4 kfc = 0.2kf. 
Hence it follows that only for the individual 3 it can be assumed that kfc ≈ kf. For 
the rest of the participants kfc < kf, wherein for the individual 4 kfc << kf. It means 
that using Michaelis-Menten type equation to describe the process of reducing 
the fat content in the human fat tissue is problematic.  

Tab. 4. Values of maximal reduction speed of fat mass (vfmax), Michaelis-Menten constant (vfmax), 
normal fat mass (mfa), reduction constant of fat mass (kfc) calculated based on Eq. (17), reduction 
constant of fat mass (kf) for individual 1, 2, 3 and 4. 

Individual 
i 

vfmax 
(kg (week)-1) 

Kmf (kg) mfa (kg) kfc ×102 
((week)-1) 

kf×102 
((week)-1) 

kfc/kf 

1 2.92 73.14 10.50 3.49 7.14 0.49 

2 8.44 160.0 6.81 5.06 7.75 0.65 

3 3.20 98.07 9.64 2.97 3.17 0.94 

4 0.52 59.03 17.43 0.68 3.40 0.20 
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Low-sugar diet leads to reduction of anthropometric parameters such as 
total body mass, total fat mass, visceral fat mass, waist and hip circumference. 
Applied diet and a proper eating regime satisfied the hunger. Importantly, the 
reduction of anthropometric parameters is long-lasting. In this study, the normal 
body mass was defined as body mass, for which BMI is lower than 24.9 kg/m2. 
However, achieving BMI < 24.9 kg/m2 does not nessesary mean that the per-
sons achieved body mass accepted by the individual and/or a doctor. The mass 
reduction may be continued for both aesthetic and the health purposes. Our 
results show that body mass and other anthropometric parameters decline sub-
stantially slower when they reach normal values.  

Conclussions 

1. Anthropometric parameters decline according to the equation of exponent. 
There is a critical time (tci), when normal body mass with BMI < 24.9 kg/m2 is 
achieved. It ranges between 35 weeks  tc  46 weeks for the four individuals. 

2. The reduction of anthropometric parameters can be described by constants 
kt, kf, kfv, kBMI, kp and kb, that are present in the particular exponent equa-
tions that correspond to the rate of the reduction of macroscopic parame-
ters, such as total body mass (mt), fat mass (mf), visceral fat mass (mfv), 
BMI, waist circumference (lp) and hips circumference (lb), respectively. 
The values of constants kt, kBMI, kf, kfv and kp are equal and characteristic for 
each of the four individuals.  
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