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ABSTRACT 
 
VARIATIONS IN BASAL METABOLIC RATE WITH INCREMENTAL TRAINING LOAD IN 
ATHLETES. Venkata Ramana Y, Surya Kumari Mvl, Sudhakar Rao S, Balakrishna N. JEPonline. 
2004;7(1):26-33.  This study was conducted to measure the basal metabolic rate of athletes during three 
different phases of training; Transition (TP), Pre-competition (PP) and Competition (CP).  Twelve national level 
male athletes, aged between 18 and 20 years were recruited. Anthropometry, body composition and BMR were 
measured. The quantification of training was done by time allocation pattern combined with measurements of 
oxygen consumption, heart rate and mechanical power output relationships in all three phases. The results 
showed an increase of 1.2 folds in training intensity and 2 folds in training duration from transition to 
competition phase of training.  These training changes resulted in a 1.5 kg weight gain, 1.6 kg LBM gain and 
9% increase in 24-hour BMR. There was also an increase in 1.5 Kcal/kg body weight (2.8 Kcal/M2 and 1.7 
Kcal/kg LBM when expressed in terms of BMR) and 12 L/min in MVE Max from TP to CP of training.  This 
study concludes that the BMR varies with the quantum of training and hence it must be measured periodically 
to identify energy needs. From the data of this study an attempt was made to provide phase wise prediction 
equations of BMR for athletes. 
 
Key Words: Training Intensity, VO2max, work rate, Quantification, Prediction Equations.  
 

INTRODUCTION 

 

It is well established that measurement of basal metabolic rate (BMR) provides an important energy baseline for 
the formulation of a sound diet, as it contributes about 50-70% of the total daily energy expenditure (1). In 
addition to BMR, the additional variables than combine to influence the quality of an athlete’s diet and training 
are age, sex, climate and body composition (2,3). 
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The FAO/WHO/UNU (1985) study on energy and protein requirements of humans, suggested that various 
components of energy expenditure be expressed as multiples of BMR (4). Even though many prediction 
equations are available for BMR, the validity of their application to athletes can be questioned due to the limited 
involvement of athletes ins the subjects used to formulate these equations.  For the BMR equations that have 
been developed with athletes  (5,6), none provide an assessment of the change in BMR with changes in training.  
Therefore, the present study was carried out to measure BMRs of athletes during different phases of training.  It 
was theorized identification of changes in BMR would detect needed changes in caloric intake, which in turn 
would support the maintenance of desirable weight, body composition and peak performance. 

 

Methods 

 

This study was carried out on twelve healthy national level male sprinters, aged between 18 and 20 years, who 
were recruited from the Sports Authority of Andhra Pradesh, Hyderabad, India. The subjects were briefed about 
the purpose and scope of the study and their written consent was obtained for participation. The ethical 
committee of the institute had approved the design and protocol of the study. The subjects were brought to the 
laboratory, between 5.30 am and 6.00 am, self transported in a vehicle and were given rest for one hour. 
Anthropometric measurements such as height (anthropometric rod, SECA, Germany) up to 0.1cm accuracy and 
weight (weighing scale, SECA, Germany) with 0.1 kg accuracy were measured using standard procedures. The 
body mass index (BMI) and body surface area (BSA) were calculated using standard equations (7,8). Body 
composition was assessed from skin-fold thickness measurements taken at four sites; biceps, triceps, sub-
scapular and supra iliac (Holtain calipers, U.K.) with 0.2 mm accuracy. Body density was derived from the sum 
of the skin-folds using the age and sex matched equations of Durnin & Womersley (9).  Body density was 
converted to body fat using the Siri equation (10), from which lean body mass (LBM) and fat mass were 
calculated.  

 

Whole body BMR was measured by open circuit indirect calorimetry using the Douglas bag method.  Each 
athlete was studied between 7.00am and 8.00am while lying awake in a post-absorptive state. The collected 
expired air samples in the Douglas bags were analyzed for volume (Singer dry gas meter, DTM325, USA), for 
oxygen (Taylor’s Servomex- paramagnetic analyzer-OA272, UK), for CO2 (LB-2, Beckman’s infrared 
analyzer, USA), after prior calibration. The values were corrected to STPD. The BMR was calculated by using 
the Weir equation, assuming one liter of oxygen consumed approximates 5 Kcal in a mixed diet (11). The 
respiratory exchange ratio (RER) was derived using the ratio between carbon dioxide production and oxygen 
consumption. Heart Rates (HR) were also recorded using heart rate monitor (POLAR, PE-3000, Finland).  

 

A graded exercise test (GXT) was given to each athlete to identify HR-O2 and HR-power output (PO) 
relationships. Each athlete was given necessary instructions and precautions prior to the test and a 
familiarization trial was given one week prior to actual testing. The graded exercise test (GXT) was conducted 
on a treadmill (Venky, India) using the modified Bruce Protocol (12) to evaluate maximal oxygen consumption 
(VO2max) and maximal power output (PO-max) of the athletes. The protocol continued till the subject 
expressed his inability to continue further or the subject attained the predicted maximal heart rate, which ever 
occurred first.  

 

The time-allocation pattern (13) (TAP; recording of the time spent by each individual in various day-to-day 
physical activities both in occupational (training) and non-occupational hours) was noted for each athlete 
separately. This information was recorded by a trained investigator who stayed with the subject for 24 
hours/7day a week and the average of seven days was taken to represent the 24 hour activity pattern. The total 
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daily energy expenditure (TDEE) was measured by recording the TAP and measuring energy cost of various 
day-to-day physical activities both in non-occupational and training hours by use of a portable respiratory gas 
meter (KM-Meter, Max Planck Institute, Germany). The quantification of training in terms of intensity and 
duration was done by TAP combined with measurement of oxygen consumption, heart rate monitoring method 
as well as HR-O2, HR-PO relationships (14,15).  All these parameters were studied during the Transition (TP), 
Pre-competition (PP) and Competition (CP) phases. Each phase constituted of four months duration.  

Statistical Analyses 

Changes in the physical and physiological parameters were analyzed using SPSS (10.1 package). Means and 
standard deviations, repeated measure methods of ANOVA and multiple regression analyses were done on all 
the parameters studied to note the differences between the phases. Data are presented as mean ?  SD and 
significance was accepted at p < 0.01.  

 

RESULTS 

 
The results of the physical characteristics including anthropometry and body composition are given in Table 1. 
The mean height of these athletes was increased by 0.5 cm with a considerable increase in weight by 1.5 kg 
from TP to CP, without any significant variation between first two phases (TP to PP). The BMI was increased 
from TP to CP by about 2%. The body surface area was also significantly increased from TP to CP. However, 
no significant difference between first two phases was found in all these parameters.  
 
It can be understood from the results that the body composition was altered by an increase in LBM by 1.6 kg 
(2.6%) with a 0.1 kg reduction (not significant) in fat mass. However, no significant alteration was found in 
LBM in first two phases of training. 

 
Table 1: Physical Characteristics of the Athletes (n=12) 

Training 
Phase 

Height 
(cm) 

Weight 
(Kg) 

BMI 
(Kg/m2) 

BSA 
(m2) 

LBM 
(Kg) Fat% 

TP 172.8a?  2.83 61.4a?  5.36 20.6a?  1.69 1.73a?  0.07 55.2a?  4.22 9.9a?  2.69 

PP 172.8a?  2.87 61.1a?  4.99 20.4a?  1.71 1.73a?  0.06 55.0 a?  4.00 9.8a?  3.07 

CP 173.3b?  2.69 62.9b?  5.19 21.0b?  1.71 1.75b?  0.07 56.8b?  4.27 9.6a?  2.12 

F-Ratio 7.90 16.85 9.70 23.79 45.90 0.36 

P-Value **  *** *** *** *** NS 
Values are expressed as mean? SD; variation in superscript indicates significance of difference  
between mean values of phases. **P<0.01, ***P<0.001, NS=Not Significant.  
 

The basal metabolic rates (BMR) data are presented in Table 2. The 24-hour BMR was significantly increased 
from TP to CP, without any significant rise between first two phases of training. On the other hand, the BMR 
was found to increase from TP to PP with no further rise to CP when expressed in terms of unit mass of body 
weight. Similar observations were made when BMR was expressed per unit LBM. However, the BMR when 
expressed in terms of unit BSA increased from TP to PP and then to CP. 
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Table 2: Basal Metabolic Rate of the Athletes (n=12) 
Training 
Phase Kcal/min Kcal/day Kcal/ 

Kg body wt Kcal/ m2 Kcal/ 
Kg.LBM 

TP 1.008a?  0.10 1451.8a?  145.16 23.7a?  1.84 34.9a?  2.61 26.3a?  1.52 
PP 1.041a?  0.09 1499.8a?  138.15 24.6b?  1.51 36.2b?  0.06 27.9b?  2.45 
CP 1.100b?  2.69 1584.4b?  151.19 25.2b?  1.71 37.7c?  0.07 28.0b?  4.27 

F-Ratio 16.35 16.35 9.26 12.38 5.63 
P-Value *** *** *** *** * 

Values are expressed as mean ?  SD; variation in superscript indicates significance of difference between mean 
values of phases. *P<0.05, ***P<0.001, NS=Not Significant. 

  

During the exercise test, the energy expended in terms of BMR (BMR multiple factor) at maximal workload 
was almost similar in all the 3 phases of training (Table 3), but the athletes could perform more work (WR) in 
CP than the other two phases. 

 

Table 3: Physiological Characteristics of Athletes at Maximal Load of 
Graded Exercise Test (n=12) 

Training 
Phase 

O2 

ml/min 
MVE 
L/min 

HR 
bpm 

BMR 
 Factor 

O2 
Pulse 

WR 
Kpm/min 

TP 
2909.6 a 
?  382.4 

71.9a 

?  7.72 
191a 

?  10.7 
14.6a 

?  2.72 
15.3a 

?  2.19 
2012.8a 

?  78.29 

PP 
3015.4 a 
?  541.6 

71.6a 

?  4.99 
188a 

?  10.3 
14.6a 
?  3.16 

16.1ab 

?  2.79 
2099.3a 

?  171.66 

CP 
3254.8 a 
?  258.8 

83.94b 
?  10.64 

188a 

?  11.2 
15.0a 

?  1.75 
17.3 b 
?  1.07 

2319.3b 
?  206.63 

F-Ratio 3.17 20.78 0.62 0.16 4.85 11.27 

P-Value NS *** NS NS * *** 
Values are expressed as mean? SD; variation in superscript indicates significance of difference 
between mean values of phases. *P<0.05, ***P<0.001, NS=Not Significant.  

 

Quantification of training (Table 4) showed that the duration of training was significantly increased by 1.8 fold 
and 2.0 fold from TP to PP, and TP to CP, respectively. The energy expenditure (Kcals/min) minute was 
comparable in first two phases and significantly increased in CP.  The intensity of training expressed in terms of 
work rate (kpm/min) increased significantly by 1.20 fold  (20.5%) from TP to CP (Table 4). 

 

The percent contribution of 24 hr BMR in total daily energy expenditure along with the BMR multiple factor of 
athletes in different phases of training are given in Table 5.  The percent contribution of BMR was about 50.2% 
in both TP and PP, while it was reduced to 46.5% in CP. The BMR multiple factor (the ratio between TDEE 
and 24 hr BMR) was found to be 1.81,1.98 and 2.15 during TP, PP and CP of training respectively. Based on 
the results of the present study, the 24-hour BMR prediction equations were developed and presented for each 
phase using subject height and weight as independent variables (Table 6). 
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Table 4: Energy Cost And Quantification Of Training In Athletes 
(n=12) 

Training 
Phase 

Duration 
(min) Kcal/min Training Intensity 

(kpm/min) 
TP 88.0a? 3.85 7.987a?  1.47 825.6a?  120.73 
PP 158.0b?  14.73 7.330a?  0.44 883.8a?  1.51 
CP 171.0c?  16.24 8.987b?  5.19 994.7b?  1.71 

F-Ratio 403.27 11.99 11.92 
P-Value *** *** *** 

Values are expressed as mean? SD; variation in superscript indicates 
significance of difference between mean values of phases. ***P<0.001. 

 

Table 5: Percent Contribution of BMR In TDEE and BMR Multiple Factor of Athletes 
In Different Phases of Training (N=12) 

Training 
Phase 

BMR 
Kcal/day 

TDEE 
Kcal % Contribution BMR Multiple 

Factor 
TP 1451.8a ?  145.6 2629.3 a?  214.67 55.21 1.81 
PP 1499.8a ?  138.15 2980.6b? 324.12 50.32 1.98 
CP 1584.4b ?  144.07 3409.8c?  148.18 46.5 2.15 

Values are expressed as mean? SD; variation in superscript indicates significance of difference between 
mean values of phases. 

 

Table 6: Prediction Equations for 24-hr BMR of Athletes using Height and  
Weight During Different Phases of Training 

Training Phase Equation R2
 F-Ratio 

TP (Ht ?  9.629) ?  (Wt. ?  14.968) ?  1140.2 64.18 28.67 

PP (Ht ?  0.584) ?  (Wt. ?  19.257) ?  211.01 78.68 59.03 

CP (Ht ? 7.529) ?  (Wt. ?  14.305) ?  628.27 62.59 26.76 

Ht = Height in cm, Wt = Weight in Kg. 

 

DISCUSSION 

 

BMR plays a crucial role in human energy metabolism by providing a strong basis for the understanding and 
formulation of a sound diet (1,2). In the present study, the 24-hour BMR of athletes significantly increased from 
TP to CP by 9% without any significant variation between first two phases of training. The increase in BMR 
might be due to an over-all increase in body surface area and/or body weight, resulting in an increase in 
metabolically active tissue. This was also evident from the studies of Schneider and Foster (16), Durnin  (17), 
Brozek & Grande (18), and Dalzeal & Potteger (19). There were also some close evidences to show that BMR 
increases with an increase in body weight and lean body mass (4,18,19). Similar observations were found in the 
present study in that there was a significant increase in 24 hour BMR with an increase in body weight and lean 
body mass from TP to CP as a consequence to incremental training load. This association is also evident from 
the high positive correlation between 24-hour basal metabolic rates (BMR) and body weights as well as 
between BMR and LBM. 
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It is difficult to make comparison of BMR of these athletes with other athletes since there is scant literature 
available from India and other parts of the world. In a study carried out by Poelhman (20) BMR was measured 
in male athletes, resulting in a 24 hour BMR of 1712 Kcal/day. On the other hand, the studies carried out by 
Ramana et al (21,22) had shown the BMR of Indian athletes ranged between 1300-1450 Kcal/day.   
Interestingly, the 24-hour BMR of normal healthy untrained males (18-30 years, 60 kg) was found to be 1430 
Kcal/day, as reported by ICMR in the recommended energy allowances for Indians (23). However, to compare 
the BMR of trained and untrained individuals a suitable approach might be to normalize BMR for LBM. The 
study reported by Poelhman et al (20) found no difference in BMR between long-distance runners and untrained 
men. On the other hand, many studies reported 5-19% higher BMR values when expressed as percent LBM 
(BMR/LBM) in trained individuals when compared to untrained individuals (20,24). It is also important to note 
that such comparative studies must be analyzed carefully by considering various other factors like nutritional 
status, physical activity pattern and degrees of adaptation to training. 

 

A limited number of studies were available in healthy human subjects about the assessment of changes in BMR 
with training. The studies of Parizkova (25) showed a decrease in BMR among men at different stages of 
training from which it appears that longer and more strenuous training correlates with decreases in BMR. In 
another study carried out by Schneider & Foster (16), training was associated with average decreases in BMR 
approximating 7% (range 3-14%) in athletes participating either in football, swimming or basketball, while it 
did not change in swimmers and increased 12% in cross country runners. Apart from this, in three non-athletes 
who were trained for 6 weeks, the impact was variable. One had shown a fall below control over the first 28-35 
days and then increased to 9% higher than control by 42nd day. 

 

Poelhman et al (26) carried out a well-controlled endurance training study lasting for 22 days and observed that 
BMR per unit LBM remained unchanged when measured about 36 hours after the last training bout. Similarly, a 
study reported by Segal et al (27) had shown that training of one hour a day for 4 times/week on cycle 
ergometer at an intensity of 74% VO2max for 12 weeks did not alter BMR that was measured 72 hours after the 
last training bout in 10 lean and 10 obese men. When assessing the results of the present study, the percent 
contribution of BMR in the 24 hour daily energy expenditure of these athletes during different phases it can be 
understood that it was slowly decreasing from 55.2% to 50.3% to 46.5% during TP, PP & CP respectively.   
Therefore, the conserved energy from BMR might be diverted to cope with the increased intensity of training 
load from TP to CP. In addition to this, when BMR is expressed in terms of unit lean body mass, it was 
significantly increased during PP and reached a near plateau during CP.  Further increases in training volume or 
intensity may then decrease BMR. As shown by Parizkova (25), when the athletes receive overload training, the 
24-hour BMR or per unit LBM reduced, presumably to conserve energy to support adaptation processes. 

Based on the extensive review of literature available on the influence of various factors on BMR, the 
FAO/WHO/UNU (1985) expert committee reiterated that age, sex and body composition are the main 
influential variables to BMR. They worked out an equation to predict BMR based on the body weight (Kg) for 
different age and sex groups for normal healthy population that did not include athletic population. The BMR 
predition equation for 18-30 years males was 13.3 ?  Body Wt (Kg) + 679. Based on this equation, and 
considering the body weight of the study group, the predicted value of BMR was derived. It was observed that 
these predicted values were estimated higher by 11%, 8% and 4% during TP, PP and CP, respectively when 
compared to the measured values. Hence, these equations may not be applicable to the athletic population. 
Therefore, an effort was made to derive phase wise 24-hour BMR prediction equations using simple 
anthropometric indices such as heights and weights based on the data of the study subjects using multiple 
regression analysis and the same were given. 
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CONCLUSIONS 

 

It can be concluded from this study that the BMR should be evaluated periodically for athletes to determine 
variations in energy allowances so as to maintain desirable body weight and composition.  The phase-dependent 
BMR prediction equations can be of greater use for the sport nutritionists in recommending energy allowances 
for the athletes. 
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