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Abstract  

The overweight and obesity represent major global health challenges associated with numerous 

chronic diseases. This study evaluates body mass reduction achieved through a ketogenic diet 

and examines the predictive performance of the Wishnofsky weight-loss model. A cohort of 200 

participants following a ketogenic diet was analyzed using anthropometric and biochemical data 

collected at clinical centers in Skopje and Pristina. Comparative statistical analyses were 

conducted to assess differences in weight loss outcomes across regions and sexes using 

independent-sample t-tests (p < 0.05).  Principal component analysis (PCA) was applied to 

explore relationships between baseline anthropometric parameters, biochemical markers 

(glucose and cholesterol), and pre-diet lifestyle habits.The results confirm the effectiveness of 

the ketogenic diet for body mass reduction and support the applicability of the Wishnofsky model 

as a reliable predictive tool in structured dietary interventions.   The Wishnofsky model 

demonstrated strong agreement with observed body mass reduction during the diet period, 

confirmed by quantitative regression analysis with a high coefficient of determination (R2=0.98).  

 

Key words: weight loss; keto diet; Wishnofsky method; Mathematical models; overweight. 

 

Introduction  

Overweight and obesity are becoming an increasingly global issue, linked to various 

diseases and negative health effects such as coronary heart disease, type 2 diabetes, various types 

of cancer, hypertension, disorders of the colon and gallbladder, respiratory problems, 

osteoarthritis, and others (CDC, 2017). (Poščić, A. 2020). 

Excess body mass develops when energy intake chronically exceeds energy expenditure, 

leading to a positive energy balance and progressive weight gain  (Westerterp KR. 2013). The 

treatment of obesity therefore requires the establishment of a negative energy balance , most 

effectively achieved through the application of an energy-restricted diet (Westerterp-P, MS. et 

al., 2009). However, this typically results in an increased sense of hunger and desire to eat, and 

a decrease in the feeling of fullness, implying a risk poor long-term adherence to reduced energy 

intake.  

Weight loss is a complex physiological process involving reductions in both fat mass and 

fat-free mass (FFM), which in turn trigger decreases in resting energy expenditure and overall 

energy requirements . These adaptive responses may counteract the intended negative energy 
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balance induced by an energy-restricted diet. Consequently, weight loss should be accompanied 

by a reduction in energy intake without increasing appetite, while maintaining energy 

expenditure while preserving FFM (fat-free mass). (Drummen M. et al., 2018). 

Predicting weight loss is critical for designing effective weight loss interventions 

(Rickman AD. et al., 2011; Rochon J. et al., 2011), providing accurate weight loss prescriptions 

for patients (Alison DB. et al., 2014; Hall KD. et al., 2018; Thomas DM. et al., 2014), and 

evaluating the components of the post hoc energy balance (Thomas DM. et al., 2012; Thomas 

DM. et al., 2010; Hall KD & Chow CC. 2011). This need leads to a wide collection of different 

models for predicting weight loss, differing in how they separate changes in energy storage and 

energy expenditure (Thomas D. et al., 2019). Therefore, various mathematical models are 

developed to attempt to analyze and define key variables for successful weight loss and 

maintenance (Poščić, A. 2020). 

In nutrition science, mathematical models are primarily applied as predictive tools to 

describe and simulate body weight dynamics under different dietary conditions. Their 

application in nutrition can be of great significance, primarily to predict the dynamics of body 

weight change. Generally, models approximately represent a system or process and serve for a 

better understanding of it. They are useful for planning various experiments and their rapid and 

safe repetition, as well as for prediction, contributing to a better understanding of the 

system.Their value lies in capturing the most relevant physiological mechanisms while 

remaining sufficiently simple for practical application (Gajdoš, 2020). Additionally, predictive 

models reduce experimental costs and time requirements and allow safe testing of multiple 

dietary scenarios (Seila et al., 2003; Gajdoš Kljusurić, 2020).  

Recent studies have emphasized the significance of mathematical modeling in 

understanding the dynamics of body weight change and the development of effective weight loss 

strategies. Knights et al. (2023) discussed the integration of artificial intelligence techniques into 

mathematical modeling frameworks for dietary optimization, demonstrating how data-driven 

methods can support personalized weight management strategies. 

The utilization of specific dietary regimens, such as the ketogenic diet, has gained 

popularity for weight reduction among overweight and obese individuals. In their work, 

"Ketogenic Diet Applied in Weight Reduction of Overweight and Obese Individuals with 

Progress Prediction by Use of the Modified Wishnofsky Equation" (Markovikj et al., 2023), the 

authors explore the application of the modified Wishnofsky equation in predicting progress 

during ketogenic diet interventions. This research sheds light on the practical implementation of 

dietary strategies for weight loss. 

Furthermore, sustainable diet indicators play a pivotal role in the optimization of dietary 

choices and their environmental impact. In "Model of optimization of the sustainable diet 

indicators" (Markovikj & Knights, 2022), the authors propose a model that optimizes sustainable 

diet indicators, contributing to the promotion of both personal health and environmental 

sustainability. This holistic approach considers not only individual well-being but also the 

broader ecological implications of dietary decisions. 

To assess the effectiveness of these dietary strategies and models, it is crucial to analyze 

and interpret the results comprehensively. Markovik et al. (2020) conducted a statistical analysis 

of outcomes in patients applying sustainable diet indicators, using descriptive statistics, 

hypothesis testing, and multivariate analysis methods, underscoring the importance of rigorous 

quantitative evaluation in nutrition research. This study underscores the importance of evidence-

based practices in nutrition and highlights the need for rigorous evaluation of dietary 

interventions. In a related comparative study, Knights et al. (2024) analyzed obesity-related 

factors using both statistical design of experiments and machine learning methods, 

demonstrating that classical statistical models and ML approaches can yield complementary 

insights into key metabolic and anthropometric predictors of obesity, thereby reinforcing the 

value of integrated quantitative modeling frameworks in nutrition research. 
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The aim of this study is to evaluate body mass reduction achieved through a ketogenic 

diet and to assess the predictive performance of the Wishnofsky model in a clinical population. 

The scientific contribution of this work lies in the combined application of comparative statistical 

analysis, principal component analysis, and regression modeling to validate the applicability of 

the Wishnofsky model as a reliable predictive tool for body mass reduction in contemporary 

dietary practice. 

 

Materials and methods 

This study was conducted at two clinical centers: Venustas Medical Polyclinic in Skopje 

(North Macedonia) and Prodieta Polyclinic in Pristina (Kosovo). A total of 200 patients who 

sought professional consultation for body mass reduction were included in the study. All 

participants followed a ketogenic diet under medical supervision during their weight loss 

process. 

The study population consisted of 44 males and 156 females. Throughout the dietary 

intervention, participants were continuously monitored, and their progress was systematically 

recorded in medical documentation. Data collection included anthropometric measurements, 

specifically height, body weight, body mass index (BMI), chest circumference, and umbilical 

(waist) circumference. In addition, individual dietary logs were collected to document adherence 

to the ketogenic diet. 

Statistics:  

In our comparative analysis encompassing region, sex, and anthropometric values, we 

utilized a t-test to evaluate the statistical significance of the observed differences across various 

indicators. This test served as a crucial component in guaranteeing the reliability and validity of 

our research findings. Notably, we established a significance level of p<0.05, signifying that 

differences with a p-value below this threshold were regarded as statistically significant.  

All collected data were processed and organized using XLStat statistical software, which 

was employed for subsequent statistical and multivariate analyses. 

Model: 

We conducted an examination of a mathematical model rooted in Wishnofsky's equation, 

which was adapted to the dynamics of weight reduction in accordance with the principles of the 

ketogenic diet. This adaptation was carried out across diverse gender categories and varying 

initial levels of obesity. All calculations based on the Wishnofsky model were performed using 

XLStat software (version 2023, Addinsoft, Paris, France). 

Our study drew upon the Wishnofsky equation, initially conceived by Max Wishnofsky 

in 1958 for the purpose of forecasting the trajectory of body mass loss. 

 ( ) = !" # 0,454 $ %&' $                        [kg]                        (1) 

W, represents body weight (TM), expressed in kilograms (kg). 

W₀. represents the first TM expressed in kilograms (kg). 

W(t), represents the expected weight gain after reducing energy intake for t days expressed in 

kilograms (kg). 

t, is the number of days when the energy balance is negative and energy consumption decreases

, expressed in days (d). 

ΔEB, represents the difference between energy intake and consumption. expressed in 

kilocalories per day (kcal/day). 

The equation was employed for all individuals who were engaged in a ketogenic diet to 

achieve weight reduction.  

 

Data collection and preparation: 

Dietary habits were assessed by recording the number of meals consumed per day, as reported 

in participants’ dietary logs. 
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Results 
The following section presents the results of the research. The first part of the study 

examined the similarities and differences between the above indicators based on gender, age, 

BMI and various anthropometric measurements between regions. 

31 men and 69 women from North Macedonia and 13 men and 87 women from Kosovo 

participated in the research. Figure 1a shows the distribution of participants by region and 

gender, and Figure 1b shows the age distribution of participants by region and gender. 

 

a)                                                                    b) 

Figure 1. Participants by region and sex; a) percentage of participants; b) average age  

From our comparison between North Macedonian participants and Kosovo participants 

in the written study, it is clear that there is participation in North Macedonia (100) and Kosovo 

(100), but the difference between participants by gender (Figure 1a), only 7% male participant 

from Kosovo. 

The age difference between the two groups is also significant (Figure 2). The average age 

of participants from North Macedonia (male) was 35.3 years, with an age range of 18 to 56 years. 

In comparison, the average age of (male) participants in Kosovo was 41.8 years, with a very 

similar age range of 18 to 57 years.  

  

Figure 2. Participants by region and sex; a) body mass (kg); b) consumed meals per day. 

When we analyzed body weight (kg), we found a difference between the average weights 

of females from North Macedonia was 78.8 kg, ranging from 50.7 kg to 152.5 kg. On the other 

hand, the average weight of female participants from Kosovo was 91.3 kg, with a weight range 

between 62.5 kg and 161.2 kg. All comparisons of anthropometric variables (body weight, 

height, and BMI) were based on baseline measurements, and statistical significance between 

groups was assessed using independent-sample t-tests (p < 0.05). 

Data shows that height is no significant difference between male and female participants 

from Macedonia and Kosovo. The group of males from North Macedonia with an average height 

of 1.76 meters and the height of the group of males from Kosovo was 1.74 meters. In comparison, 

the average height of a group of females from Kosovo is 1.65 meters, with a group from North 

Macedonia having 1.64 meters. 
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Body Mass Index (BMI) shows the differences between groups. For the males from North 

Macedonia, the mean BMI was 38.3 kg/m2 and the BMI range was 26.3 kg/m2 to 64.3 kg/m2. 

Males from Kosovo had a mean BMI of 35 kg/m2. In the female group, there was no significant 

difference between the female group from North Macedonia (the mean BMI was 33.6 kg/m2) 

and the female group from Kosovo (mean BMI was 32.8 kg/m2).  

Our data shows (Figure 2) that there are no significant differences in daily nutritional 

intake, in male group from North Macedonia and Kosovo. Both groups’ participants ate an 
average of 2.5 meals per day (ranging from 1 to 4 meals). In comparison, group of female in 

Kosovo, they ate an average of 2.6 meals per day (ranging from 1 to 5 meals); and group of 

female from North Macedonia eat 2.1 meals. This indicates a difference in daily meal frequency 

between the female groups. 

Information on the difference between waist circumferences. The average waist 

circumference of males from North Macedonia was 110.7 cm, with a range between 80 cm and 

164 cm. In contrast, the average waist circumference of males from Kosovo was slightly lower 

at 105.4 cm, with a range between 77 cm and 138 cm. This suggests that, on average, males from 

North Macedonia had a larger waist circumference compared to males from Kosovo. 

A comprehensive analysis was performed to determine the status of obese individuals in 

the data set. This classification consists of many factors that contribute to body weight. These 

factors include genetics, underlying health, consumption of sodas, nuts and salty foods, and 

eating habits that involve being active and consuming large meals. In addition, the tendency to 

overeat, the effects of sugary foods and many other important factors are also taken into account 

in the evaluation. The results of this classification are shown in Figure 3, which illustrates 

different categories of factors contributing to excessive body mass, including lifestyle-related 

behaviors and dietary habits. The term “extreme events” refers to unfavorable behavioral patterns 

such as frequent consumption of sugar-sweetened beverages, high intake of salty and processed 

foods, and overeating, which may disproportionately contribute to increased body mass. 

 

Figure 3. Gradation of the Cause of Excessive Weight 

In this study, Principal Component Analysis (PCA) was conducted to examine the 

relationships between lifestyle habits related to eating before starting the diet and certain 

fundamental biochemical parameters. This analysis incorporated information about the 

frequency of meals and snacks between meals, including items such as crisps, seeds, nuts, fruits, 

carbonated soft drinks, sweets, etc., as supplementary variables, as illustrated in Figure 4. 
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Additionally, the study explored the connection between the initial BMI (baseline body mass 

index) and two key biochemical parameters, namely glucose and cholesterol, as active variables. 

  

Figure 4: PCA relationship between baseline body mass index (BMI) and life habits of eating 

before diet and fundamental biochemical parameters 

When the PCA was performed, it resulted in two principal components (D) that explained 

a substantial portion of the variance in the data. The first principal component (D1) explained 

52.47% of the variance, while the second principal component (D2) explained 44.36% of the 

variance. Together, these two components (D1 and D2) accounted for 96.82% of the total 

variance in the data. Overall, the results suggest that the lifestyle habits related to eating before 

the diet, as well as the baseline BMI, are associated with a substantial portion of the variation in 

the biochemical parameters (glucose and cholesterol) that were examined in this study.  A closer 

inspection of the PCA biplot reveals that baseline BMI, glucose, and cholesterol, treated as active 

variables, exhibit strong loadings along the first principal component (D1), indicating that this 

component primarily reflects metabolic and anthropometric status. In contrast, dietary and 

lifestyle habits, such as the number of meals, consumption of sweets, carbonated soft drinks, 

crisps, fruits, seeds, and nuts, were included as supplementary variables and are distributed 

around the origin or along the second principal component (D2). This suggests that these habits 

modulate, rather than dominate, the variability explained by the core biochemical parameters. 

The observed spatial proximity between certain dietary habits and baseline BMI further indicates 

potential associations between pre-diet eating behavior and metabolic profile, although these 

relationships are exploratory and descriptive in nature. Overall, the PCA highlights the dominant 

role of biochemical and anthropometric variables while illustrating how lifestyle habits 

contribute to the underlying structure of variability in the dataset. 

Using the keto diet, all participants successfully achieved their goal of reducing their 

body mass. In Figure 5, we have a graphical representation in the form of a box plot that 

illustrates the BMIs of individuals of different genders at the beginning (BMI start) and end (BMI 

end) of the diet in both Skopje and Pristina. It's noteworthy that significant reductions in female 

body weight and BMI were attained. On average, the post-diet BMI was 23 [kg/m2]. A similar 

effect of BMI reduction was observed in men, with an average post-diet BMI of 26 [kg/m2]. 
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Figure 5. Box plot for body mass index (BMI) at the beginning of the diet (BMI start) and at 

the end (BMI end) for both genders, for all participants 

Data was used to determine the significance of the prediction model for body weight. 

Wishnofsky model (1) was adopted and analysis was carried out to determine the significance 

of the model. Comparison of BMI changes during dieting and assumed BM loss according to the 

Wishnofsky model aimed to determine the relationship between the theoretical weight loss 

model and weight loss. 

 

Figure 6. Comparing of actual body mass (TM) during the diet and the expected TM loss based 

on the Wishnofsky model.  

Figure 6 displays the individual body mass (TM, total mass) changes during the dietary 

intervention, comparing experimentally observed values with model-predicted values obtained 

using the Wishnofsky model. Experimental body mass measurements are presented using 

discrete symbols, while the model-predicted TM loss is shown as a continuous smooth line, 

emphasizing the agreement between measured data and theoretical predictions  The red line in 

the graph represents the predicted loss of body mass according to the Wishnofsky model, while 

the blue line represents the actual body mass loss (TM loss). 

What's noteworthy in this comparison is the remarkable similarity between the two lines. 

In other words, the actual body mass loss, as observed in the blue line, closely aligns with the 

predictions made by the Wishnofsky model, represented by the red line. 

Figure 7 presents the scatter plot of individual data points on the graph (TM) corresponds 

almost precisely to the predictions generated by the Wishnofsky model. This alignment between 

the observed outcomes and the model's predictions indicates that the Wishnofsky model is a 

robust and accurate tool for estimating body mass loss in this particular context. This consistency 



176 

 

between the model's projections and the real-world results suggests that the model is effective in 

predicting how individuals in the study are losing body mass. 

 

 
Figure 7. Individual body mass (TM, total mass) changes for each patient during the dietary 

intervention. Blue dots represent experimentally measured TM values for individual 

participants, while orange dots correspond to TM values predicted by the Wishnofsky model, 

illustrating the overall smooth trend of model-based weight loss dynamics . 

 

The scatter representation emphasizes inter-individual variability, while the model-

predicted values collectively illustrate a smooth weight loss trajectory consistent with the 

Wishnofsky framework.  

Figure 8 presents the regression-based relationship between experimentally measured 

body mass (TM) and model-predicted values, demonstrating a very strong agreement between 

observed and predicted data. The high coefficient of determination (R² = 0.985) confirms the 

strong explanatory power of the regression model in capturing body mass changes during the 

dietary intervention. 

Although the regression analysis demonstrates a very strong overall agreement between 

experimentally measured and model-predicted body mass values, Figure 8 also reveals a limited 

dispersion of individual data points outside the confidence interval, particularly at higher TM 

values. This deviation may reflect increased inter-individual variability at higher levels of initial 

body mass, as well as simplifications inherent in energy-balance–based models that do not fully 

capture metabolic heterogeneity in extreme cases. Such deviations suggest that, while the 

Wishnofsky-based model provides high predictive accuracy at the population level, its precision 

may be slightly reduced for individuals with very high baseline body mass. Nevertheless, these 

discrepancies do not substantially affect the overall explanatory power of the model, as 

confirmed by the high R² value. 
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Figure 8. Quantitative regression, R-squared =0,98 

 

Discussion 

The observed reductions in body mass index and body weight in this study are consistent 

with findings reported in previous investigations of ketogenic and low-carbohydrate dietary 

interventions. Controlled studies have demonstrated that ketogenic diets can induce significant 

body mass reduction in overweight and obese individuals by promoting sustained negative 

energy balance and alterations in substrate utilization (Hall et al., 2018; Markovikj et al., 2023a). 

The post-diet BMI values observed in both male and female participants in the present study fall 

within ranges reported in comparable clinical settings, confirming the effectiveness of the 

ketogenic dietary approach for body mass reduction. 

From a physiological perspective, the results align with the energy balance framework 

described by Alison et al. (2014) and Hall and Chow (2011), who showed that sustained negative 

energy imbalance leads to predictable reductions in adipose tissue mass. These findings support 

the biological plausibility of the weight loss patterns observed in our cohort and reinforce the 

relevance of energy balance as a central mechanism underlying dietary weight reduction. 

Moreover, the preservation of fat-free mass observed in ketogenic diet studies reported by Hall 

et al. (2018) is consistent with the present findings, where substantial body mass reduction was 

achieved without evidence of disproportionate loss of lean tissue. 

An important contribution of this study lies in the validation of the Wishnofsky model as 

a predictive tool for body mass reduction under ketogenic dietary conditions. The strong 

agreement between predicted and observed body mass changes corresponds closely with earlier 

work by Thomas et al. (2014, 2019), who demonstrated that energy-balance–based mathematical 

models can reliably predict weight loss trajectories when dietary intake and energy expenditure 

are adequately characterized. Similar conclusions were reported by Markovikj et al. (2023b), 

who applied a modified Wishnofsky equation to ketogenic diet interventions and observed high 

concordance between model predictions and clinical outcomes. 

Beyond individual model performance, the present results support broader perspectives 

on the role of mathematical modeling in nutrition science. Previous work has emphasized that 

mathematical and statistical models provide valuable tools for integrating anthropometric, 

biochemical, and dietary variables into coherent predictive frameworks (Gajdoš Kljusurić, 2020; 
Poščić, 2020). The consistency between our findings and those reported in earlier modeling 

studies suggests that relatively simple energy-balance–based models, when appropriately 

contextualized, remain useful for both clinical practice and research applications. 
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Taken together, the agreement between the present findings and existing literature 

confirms that ketogenic dietary interventions can produce predictable and substantial body mass 

reduction, and that mathematical models such as the Wishnofsky framework remain relevant for 

describing and forecasting weight loss dynamics. These results reinforce the importance of 

combining empirical clinical data with established mathematical modeling approaches to 

improve the understanding and prediction of body weight changes in overweight and obese 

populations. 

 

Conclusion 

This comprehensive study delved into the multifaceted realm of body mass reduction, 

focusing on the ketogenic diet as a practical approach. It conducted a meticulous comparative 

analysis using the Wishnofsky Model, an established predictive framework. The findings and 

insights derived from this research contribute substantially to the field of weight management 

and dietary interventions. 

This study included a sample of 200 participants who started the ketogenic diet under 

professional training in clinics in Skopje and Pristina. It integrates quantitative anthropometric 

measurements and dietary intake information collected through structured dietary logs, 

providing a comprehensive assessment of the weight loss process. 

One of the positive results of this study is the successful modification of the Wishnofsky 

model for different levels of weight loss for the ketogenic diet. This variable increases confidence 

in the estimate by accounting for the difference between gender and baseline adiposity. An 

important result is the excellent agreement between the prediction model and the participants' 

loss accuracy, confirming its accuracy and validity. 

Principal Component Analysis (PCA) adds depth to this study by revealing the 

relationship between life habits of meal, snakes and drinks, and two key biochemical parameters, 

namely glucose and cholesterol. This holistic perspective helps better understand the interplay 

of these factors, providing a path for personalized nutritional advice. 

Quantitative regression analysis strengthens findings by providing weighted estimates 

and predictions. The model showed unique explanatory power with an R-squared value of 0.985, 

indicating strong fit of the Wishnofsky model and ketogenic diet. The information obtained from 

this study is useful for individual leadership and intervention in the field of weight management. 

Combining practical applications with theoretical models, this research provides a valuable 

blueprint for proven strategies for achieving and maintaining body weight. It is important to 

investigate these methods to increase the accuracy of weight estimation and its impact on the 

individual.  
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