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ABSTRACT
The purpose of this study was to examine how the maximal fat oxidation rate is affected in two groups of women with 
different fat mass percentages. Thirty-four women with sedentary behavior (aged 18–25 years) were divided into 2 groups 
according to their body fat percentage. (<32% of body fat was considered as a threshold following American College Sport 
Medicine [ACSM] indications).  Body fat percentages were assessed by anthropometry, then subjects performed an adapted 
graded exercise test on a treadmill to determine maximal oxygen consumption and fat oxidation rates during exercise. There 
were significant differences (p<0.05) in maximal cardiorespiratory capacity (34.4±4.4 vs 30.4±10.4 mL x kg-1 x min-1) 
and maximal fat oxidation rates (0.39±0.05 vs 0.31±0.06 g x min-1) between the lower risk group when compared to the 
higher risk group. There was no correlation between body fat percentage (BF%) and fat oxidation rates in both groups. In 
conclusion, cardiorespiratory capacity and substrate oxidation are different when two groups of women divided by ACSM 
recommendations are considered and these results could help clinicians and trainers to prevent weight gain and/or promote 
body fat and body weight loss.
Key words: Exercise; Fatmax; Intensity; Obesity; Overweight. 

RESUMEN
El propósito de este estudio fue examinar el cambio de la tasa de oxidación de grasas en dos grupos de mujeres con dife-
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INTRODUCTION 
Obesity is a major risk factor for cardiovascular disease 

(CVD) and thus has a significant impact on an individual’s 
quality of life1,2. Overweight and obesity are defined as an 
excessive accumulation of fat that can be harmful to health. 
These conditions arise due to an imbalance between energy 
supply (i.e. from food) and demand (i.e. for exercise), based 
on genetic and environmental factors3,4.

During prolonged exercise, carbohydrates and lipids 
are the primary substrates that fuel aerobic adenosine 
triphosphate (ATP) synthesis5. The relative utilization of 
these substrates during exercise can vary enormously and 
depends heavily on exercise intensity. For this reason, the 
ability of the human body to use carbohydrates and lipids 
is relevant for metabolism, body weight control, and body 
composition6,7 especially, in people with cardiovascular risk. 
It has been found that people with sedentary behavior have 
elevated serum levels of fatty acids8,9, in addition to a lower 
capacity for transporting and oxidation of fatty acids when 
compared with a healthy population10.

The relationship between exercise intensity and lipid 
oxidation is parabolic during aerobic exercises, in that an 
initial increase in lipid oxidation is followed by a decrease in 
oxidation as exercise intensity increases11,12. The point at which 
fat oxidation reaches maximum and begins to decline is referred 
to as the crossover point. Exercise intensities that exceed the 
crossover point (~65% VO2max) utilize carbohydrates as the 
predominant fuel source for energy supply13. 

On the other hand, maximal fat oxidation (FatMax) 
during exercise reflects the fat oxidation machinery and, since 
changes in maximal fat oxidation are related to mitochondrial 
fat oxidation capacity, it could be used as a marker of 
metabolic fitness14,15,16. Due to limitations within fatty acid 
transport across the cell and mitochondrial membranes, fat 
oxidation is limited at higher exercise intensities.

In a large cohort of active people, the FatMax rate ranges 
between 0.18 and 1.27 g/min, and this can be reached at 
47% to 75% of the maximal oxygen consumption (VO2max). 
Furthermore, a study in a heterogeneous population determined 
oxidation rates to be between 0.18–1.01 g/min17. 

The FatMax rate for lean women is 0.35±0.12 g/min 
and for obese/overweight women 0.16±0.05 g/min, this can 
be reached at 50±10% to 61± 10% of the maximal oxygen 
consumption (VO2max), respectively8. These broad values 

reflect the diversity of physiological responses involved and 
differences between subjects. It is frequently mentioned 
in the literature that the level of training, the intensity and 
duration at which it is performed, and the nutritional status 
of an individual could directly affect performance in a stress 
test which modifies the FatMax18,19.

Multiple studies have identified considerable differences 
in FatMax and the intensity at which this is achieved in 
men and women; however, most research has focused 
mainly on determining the FatMax rates of men and there 
has been less research evaluating women8,11,20. Compared 
with previous research conducted on men, women had a 
higher fat oxidation rate at the same exercise intensity after 
training than men21,22. This finding suggests that muscle and 
adipose tissue metabolism may be different in men and 
women. Indeed, several physiological factors could underpin 
these differences and they are reflected in a wide range of 
performances during exercise.

In addition, little is known about the contribution of body 
composition to maximal fat oxidation rates, especially in women. 
Some reports have found that elevated fat mass promotes 
higher rates of fat oxidation23,24. Since body fat percentages for 
women fall under a few different categories, it is important to 
consider its classification for clinical purposes19. Some charts 
will subdivide body fat percentages based upon body type 
for different cohorts, such as athletes and average individuals, 
while other classifications subdivide the ranges by age25,26. 
Other researchers propose that a body fat percentage of over 
32% in women is a risk factor for health and is a parameter 
that needs to be evaluated during exercise planning in order 
to reduce negative outcomes27,28,29,30. However, it is not 
completely clear how this group of women will reach FatMax 
when considering the increase of body fat percentage and 
the limitations that occur when increasing exercise intensity. 
Thus, this study aimed to analyze differences in maximal 
fat oxidation rates in women with different body fat levels, 
helping trainers and health professionals to prescribe more 
effective exercise programs in order to prevent weight gain 
and promote both reduced body fat and overall body weight. 

MATERIAL AND METHODS 
We used an experimental design to examine the influence 

of body fat percentage on the determination of the maximal 
rate of fat oxidation in women with sedentary behavior. The 

rentes porcentajes de masa grasa. Metodología: Treinta y cuatro mujeres con comportamiento sedentario (edades de 18 
a 25 años) fueron divididas en dos grupos de acuerdo con su porcentaje de masa grasa (<32% fue considerado como 
umbral siguiendo las indicaciones del American College Sport Medicine [ACSM]). El porcentaje de masa grasa fue medido 
por antropometría y luego los sujetos realizaron una prueba adaptado en trotadora eléctrica para determinar el consumo 
máximo de oxígeno y las tasas de oxidación durante el ejercicio. Resultados: Existieron significativas (p<0,05) en la capa-
cidad cardiorrespiratoria (34,4±4,4 vs 30,4±10,4 mL x kg-1 x min-1) y máxima tasa de oxidación de grasas (0,39±0,05 vs 
0,31±0,06 g x min-1) entre el grupo de menor riesgo cuando se compara con el de mayor riesgo. No hubo correlación 
entre el porcentaje de masa grasa (BF%) vs oxidación máxima de grasas. Conclusión: la capacidad cardiorespiratoria y 
la oxidación de sustratos fue diferente cuando dos grupos de mujeres son divididos por las consideraciones de la ACSM.
Palabras clave: Ejercicio; Fatmax; Intensidad; Obesidad; Sobrepeso.
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study was approved by the Research Ethics Committees of 
the Universidad Católica de la Santísima Concepción, Chile 
(reference project number: DINREG 06/2018) and was 
conducted in accordance with their ethical standards and 
the Declaration of Helsinki.

Experimental Approach 
A total of 34 women were studied between 18 and 25 years 

of age and data collection was carried out in the Laboratorio 
de Kinesiología Aplicada of the Universidad Católica de la 
Santísima Concepción (UCSC). All subjects were recruited 
via social networks from a university population.

To reduce the influence of food consumption on the 
substrate response during exercise, subjects were instructed 
to maintain their normal diet throughout the study. On the 
first day of testing, the participants were measured for height, 
weight and body composition. The subjects then performed 
an exercise test to exhaustion as described below. 

Eligibility criteria
The following groups were ineligible for this study: 

subjects who consumed medications that modify aerobic 
performance such as β-blockers, insulin, bronchodilators 
and anti-inflammatory agents, injuries or musculoskeletal 
diseases that prevent exercise, people who suffer from 
physical, sensory or cognitive disability, people with a history 
of cardiopulmonary disease or acute or chronic inflammatory 
conditions, cancer, acquired immune deficiency syndrome or 
diabetes mellitus, and pregnant women. The level of physical 
activity was measured using the long-form version of the 
Global Physical Activity Questionnaire (GPAQ) to confirm 
sedentary behavior as reported previously31. Testing was 
performed after the subject signed an informed consent in 
accordance with UCSC protocols for human experimentation. 

Anthropometry
Total body weight and height were assessed using a 

scale with a Polar Balance (1G Polar, USA) and a built-in 
stadiometer (DETECT 2391), recording the results in kilos and 
meters respectively. The penta-compartmental component 
strategy was used to determine body composition (fat, 
muscle, bone, skin, and residual masses). Eight skinfolds, 3 
bone diameters and 7 perimeters were measured using the 
anthropometry technique suggested by the International 
Society for the Advancement of Kinanthropometry (ISAK, 
Norton & Olds 1996). 

Women with equal or greater than 32% body fat were 
considered part of the higher-risk group, and women with 
less than 32% body fat were considered part of the lower-risk 
group in accordance with ACSM criteria32.

Indirect calorimetry and fat oxidation rates calculation 
Participants were asked to refrain from vigorous exercise 

for 24 hours and fast for at least 10 hours before the FATmax 
test. The maximum oxygen consumption and fat oxidation rates 
were obtained through an incremental test on a treadmill to 

the point of exhaustion, using a protocol previously described 
for this purpose33. A short familiarization trial was conducted 
before starting the warm-up on the treadmill in order to explain 
and discuss all aspects related to the machine and protocols. 
There was a brief warm-up exercise consisting of walking 
at 3.5 km/h with an incline of 1% for 3 minutes, followed 
by a 2-minute break. The analysis of pulmonary volumes 
(respiratory oxygen uptake and carbon dioxide production) 
was carried out with an Oxycon Mobile cardiopulmonary 
stress testing system (Jaeger Oxycon Mobile®), which was 
calibrated with standard gas before each test. To this end, 
volumes were obtained in liters per minute, and the VO2max 
was considered when subjects reached the criteria previously 
described34,35. Changes in metabolic rates were obtained at 
the end of every minute through the equation36:

Oxidation rates (g·min-1)= 1,67·VO2(L·min-1) – 1,67·VCO2(L·min-1)

The value 1.67 is derived from the volume of VO2 and 
VCO2 from oxidation of 1 g of fat and the exercise intensity at 
which the highest rate of fat oxidation occurred was defined 
as the FATmax.

Data collection and statistical analysis
Data was digitized in Microsoft Excel 2007 software, and 

the information was exported to SPSS version 19.0 software 
for statistical analysis. Exploratory data analysis was carried 
out with the use of the central tendency measures (arithmetic 
and medium mean) and dispersion (minimum, maximum and 
standard deviation). A normality test (Shapiro-Wilk) was applied 
for the subsequent comparison (Student t test) with a statistical 
significance level p<0.05. Pearson correlation coefficient (r) 
was used to evaluate the existence of connection between 
fat oxidation rates and body fat percentages.

RESULTS 
General and physical characteristics of the 34 women 

studied are shown in table 1. There were significant differences 
between the lower-risk and higher-risk groups in most of the 
physical and anthropometric variables (weight, BMI, body 
fat percentage and VO2max). 

There was a significant difference in FatMax rates between 
the lower- (0.39±0.05) and higher-risk group (0.318±0.634; p< 
0.001). Maximal fat oxidation occurred at an exercise intensity 
of 50.1±5% and 40.2±6.4; (p< 0.001) of the VO2max for the 
lower-risk and higher-risk groups, respectively (Table 2). 

There was a significant difference between exercise 
intensity that elicited maximal fat oxidation rate between the 
lower-risk and higher-risk groups, and both rates occurred 
at two different exercise intensities (p<0.05). Significant 
differences were observed in fat oxidation rates at various 
exercise intensities for the lower-risk and higher-risk groups 
(20%, 40% and 60% of the VO2max) (Figure 1). There was 
no significant relationship between body fat mass and the 
maximal rate of fat oxidation in both low and high-risk 
groups (Table 3).
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Table 1. Participant characteristics.

FatMax rate: Maximal Fat oxidation rate, VO2max: maximal oxygen consumption. Student’s t test for independent samples: *p<0.05; 
**p<0.001. Values are represented as mean±s.d.

 Low-risk (n= 19) High-risk (n= 15)

Age (y) 20.6±1.4 22.4±2.0

Weight (kg) 58.6±7.8 65.3±10.4*

Height (m) 1.64±0.62 1.63±0.80

BMI (kg x m-2) 22.6±2.6 27.6±5.7**

BF% 26.4±4.1 34.8±2.2**

VO2max (mL x kg-1 x min-1) 34.4±4.4 30.4±10.4*

BMI: body mass index, BF%: body fat percentage, VO2max: maximal oxygen consumption.
Student’s t test for independent samples: *p<0.05; **p<0.001. Values are represented as mean±SD.

Table 2. Maximal fat oxidation rate and VO2max by category.

 Low-risk (n= 19) High-risk (n= 15)

FatMax rate (g x min-1) 0.397±0.05 0.318±0.6**

VO2max at FatMax 50.1±5% 40.2±6.4%**

Figure 1: Fat oxidation rates vs. relative exercise intensities 
VO2max during a treadmill test. *p<0.05, **p<0.01. t-tests 
were used to compared between groups. Values are 
means±SD.

Table 3. Relationship between body fat mass and maximal 
fat oxidation rate.

 Correlation (r) p

Low-risk (n= 19) 0.74 0.54

High-risk (n= 15) 0.11 0.22

DISCUSSION
The purpose of the present study was to examine the 

differences in fat oxidation rates in two groups of women 
with different body fat levels. The results indicate that women 
in the high-risk group have a lower FatMax compared to 
those in the low-risk group. This finding supports the idea 
that people with higher body fat percentages may suffer 
from metabolic inflexibility during exercise37. In addition, this 
maximal fat oxidation rate was found to occur at a 0.397% 
intensity and this result demonstrates a lower capacity for 
women with a high fat percentage to oxidate fat, a response 
which has been observed in similar studies19,38. Other groups 
have reported that overweight middle-aged women (51±6 
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years) reached their FATmax around 52% VO2max in similar 
tests39. The result is contrary to other research where there 
were no significant differences in the maximal fat oxidation 
rate and exercise intensity that elicited that rate between 
the lower- and higher-fat groups of women19,40; however, 
several investigations have demonstrated that body fat levels 
can specifically affect fat and carbohydrate oxidation41,42.

The ability to oxidase fat has also been linked with body 
fat percentage, and in fact those with higher percentages 
also have a lower maximal oxygen consumption on the 
treadmill test; the latter showing a direct relationship with 
the subjects’ inability of achieving a higher exercise intensity. 
As expected, VO2max were low in all obesity groups. In 
fact, during an incremental test, changes are observable 
in physiological parameters for obese subjects such as the 
inability to augment ventilation and the ability to manage 
the increased oxygen requirements during exercise; these 
alterations are also due to the biomechanical issues correlated 
to the movement of the obese subjects43. 

On the other hand, the high-risk group started with a 
higher fat oxidation when compared to the low-risk group. 
This difference indicates an accelerated response of the 
human body to face the increase in energy demand which 
tends to be stable around 50% of the VO2max. After 50% 
of the VO2max, a decrease in oxidation occurred in both 
groups, showing an exchange in substrate oxidation from fat 
to carbohydrate in order to sustain the metabolic demands44. 
However, the data indicates no correlation between body 
fat mass and maximal oxidation rates as it has been seen 
previously in other studies17,19.

This study did not consider those with CV risk, such 
as subjects with type III obesity; indeed, some studies 
showed that this group has the highest maximal fat oxidation 
when compared with other groups9,26,43. It is important to 
note that this study used the International Society for the 
Advancement of Kinanthropometry (ISAK) standards for 
obtaining anthropometry data, but it could be possible to 
improve the quality of this information as the higher the fat 
mass, the lower the sensitivity of the test. Comparison among 
studies with individuals of different body composition and 
fitness levels indicates that increased body fat and inactivity 
are associated with lower exercise intensity corresponding to 
FatMax. The average intensity at FatMax was 48% VO2max 
in a large population group with body fat around 20-25%17, 
while exercise intensity corresponding FatMax was as low 
as 40% in a group of obese individuals, which was also 
demonstrated in our study.

We suspect that improving the cardiorespiratory fitness 
of people with high body fat percentage may also increase 
their ability to oxidase fat during exercise, which could have 
important clinical implications.

The present findings should be interpreted with 
caution given the relatively small number of obese women 
in the sample. Furthermore, fat oxidation rates were only 
determined in a treadmill exercise test; future studies should 
replicate this study using different methods to obtain a 

better understanding.
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