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Abstract 

Energy balance, in relation to energy noedc in populations of developing 
countries is an important issue in terms of nutritional status, health and food 
policy implications. The objective of this study was to measure the 
variations in discretionary energy expenditure (DEE) in male adult 
construction workers of different body mass index (BMI), when challenged 
to heavy work. Twelve adult volunteers engaged in construction work, 18-
30 years, BMI range 16.7 to 28.9 were selected from different low income 
urban sectors in northern México. These individuals were subjected to a 
specific work load equivalent to a physical activity index (PAD "> 2.1 x 
BMR, within a time frame of 6 hours a day, eight out of ten days. The rest 
of the time including one full weekend was to their discretion. Energy 
expenditure was measured using the 2H2

1&0 technique. BMR and the thermic 
effect of food were evaluated by ventilated hood indirect calorimetry. The 
energy cost of fixed activities was measured by the Oxy/og. A daily activity 
diary was kept throughout the ten days of the protocol. Results show that 
BMR, 24 hour energy expenditure, fixed activity showed a positive 
córrela tion with fa t free mass (p < 0.02). DEE expressed as % of 24 h EE or 
in relation to BMR, showed no significant relationship in terms of energy 
status (rank correlations, r=0.035; p = 0.81 and r=-0.031; p = 0.92, 
respectively). Similar results were observed when DEE was regressed on % 
body fat where rank correlations were, r=-0.007; p = 0.98 and r=-0.34; 
p = 0.25 respectively. This study shows no evidence that individuals of 
different energy status in a range of BMI from 16.7 to 28.9 modify the 
discretionary component of their total daily expenditure to cope with the 
equivalent of a heavy work load (PAI j>2 .1 ) . Mean daily energy expenditure 
was 15.08 MJ by DLW and 15.94 MJ calculated by the factorial method 
(p = 0.46) which corresponded to a PAI of 2.11 and 2.24 respectively. 
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1. INTRODUCTION 

Regulation of energy balance in man continues to be a highly controversial matter, 
especially with regards to the possibility of auto-regulation or non-costly adaptation [1]. 
In this sense some of the issues stated by Sukhatme and Margen [2] have been tackled 
by different research groups. In a study reported by Riumallo era/. [3], the effect of energy 
supplementation was evaluated under free-living conditions in six adults considered to be 
underweight. After 60 days of energy supplementation, there were significant differences 
in energy intake, body weight and body fat (p<0.001 ) but no significant differences could 
be detected in free living energy expenditure by the doubly labelled water or factorial 
methods. The subjects of this study were evaluated as underweight, however the average 
body mass index was 1 9.59 and percent fat determined by the sum of four skinfolds was 
less than 15 %. No mention was made of their prior level of activity and possible 
implications of a chronic energy deficiency status. 

Another study reported lower energy expenditure, as determined by whole body 
indirect calorimetry, basal and sleeping metabolic rates, diet induced thermogenesis (DIT) 
and energy cost of exercise even when corrected for differences in body weight, in rural 
Gambian men, during the hungry season, than in Europeans (4]. The authors concluded 
that Gambian men are able to develop energy-sparing mechanisms, even increasing energy 
utilization, by having a lower DIT, and that these processes allow them to accommodate 
the stress of chronically marginal daily food intakes. However, as stated by the authors, 
free living studies under normal conditions of life would more likely assess real energy 
requirements. 

Activity is another component of energy expenditure that can be potentially 
affected by environmental factors, specially under free living conditions of different regions 
of the world. Total activity can be divided in to work and leisure, or discretionary, which 
can include highly active periods as well as relaxation. In order to study the differences 
between these components of the daily energy expenditure and their relation to energy 
status, it is necessary to use non restrictive techniques such as the doubly labelled water 
method combined with indirect calorimetry. 

The central hypothesis in this study was that discretionary energy expenditure in 
individuals of different energy status can have a different response when submitted to 
specific environmental factors such as work. The objective of this study was to measure 
the variations in discretionary energy expenditure in male adult construction workers of 
different body mass index, when exposed to a heavy and prolonged work load. 

2. SUBJECTS AND METHODS 

2.1 Subjects 

Twelve male adult volunteers engaged in construction work were selected from 
different low income areas in the city of Hermosillo Sonora México. The subject ranged in 
age from 18-30 years and ranged in BMI from 16.7 to 28.9 kg/m 2 . Prior to the study the 
subjects were given a physical and biochemical examination, including stool analysis. 
Before the beginning of the study the subjects were instructed how to record weighed 
food intakes and keep activity diaries. 
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2.2 Dietary Methods 

The subjects and the homemaker were given instructions in registering the weighed 
food intake for the 10 days of the study. Special portable dietary scales were provided, 
one for use in the home and the other one to be carried with the subject at all times. The 
registering of the daily weighed intakes was supervised and coded daily and if necessary, 
a visitation to the household was made for clarification. The analysis of the dietary 
information was made with our own computer program which has several food 
composition tables (México: National Institute of Nutrition, USDA, McCance & 
Widdowson and a table based on our own analysis of regional foods). 

2.3 Controlled Activity Programme 

In eight out of the ten days of the study, the subjects came to the metabolic unit 
performed a controlled activity programme, in which the work load was similar to their 
activities in construction work that could result in a physical activity index (PA) above 2 . 1 , 
which is considered heavy by the FAO/WH07UNU [5] committee on energy and protein 
requirements. On the other day of the study they went about their norma! activities 
without any restrictions and the weekend, in between the controlled activity periods, was 
also their discretion. The programmed activities were: a) walking on a treadmill at 5.92 
km/h and slope zero, b) constructing a wall of 3 m 2 with cement blocks of 15x10x40 cm, 
weighing 7.4 kg each, and c) walking with a metronome at 110 steps per minute. All 
activities were constantly supervised. The protocol is shown in Figure 1. 

2.4 Energy Expenditure 

2.4. 7. Basal Metabolic Rate (BMR) 

BMR was determined in the subjects after an overnight stay at the unit in 
which an evening meal was provided that met one third of their estimated energy 
requirement based on body weight 15]. BMR was determined by means of a ventilated 
hood system using a Deltatrac metabolic monitor. The Deltatrac was calibrated for each 
run with a span gas mixture of 0 2 (95.94%) and C 0 2 (4.06%), verified by Haldane 
analysis. Atmospheric pressure was set against an independent Princo -national weather 
service type- mercury barometer (Pa., USA). The Deltatrac system was permanently 
checked by analysis of recovered gases wi th propane gas burns at a similar rate to that of 
the energy expenditure measurements in the subjects. Calibration gas burns for the 
Deltatrac were in the range 5.4 to 10.2 MJ/day and the percent recoveries were 99.69 
and 98.7 % for oxygen and carbon dioxide respectively. RQ for propane was 0.598. 
Environmental conditions of the room were kept at 25° C and a relative humidity of 
45-60 %. 

2.4.2. Postprandial Thermogenesis 

Postprandial thermogenesis was determined in the Deltatrac ventilated hood 
system in the subjects after an overnight fast of 12 hours and after a BMR determination 
as specified above. The meal had the same characteristics as the one provided the night 
before prior to the BMR, and was taken immediately after the basal reading within a period 
of fifteen minutes. The subjects returned to the hood and were measured the last 30 
minutes of a 45 minute period. The subjects came out of the hood and remained sitting 
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on the bed for f ifteen minutes and the same procedure was repeated during the next four 
hours. A t the end of the second period all the subjects went to the toilet even if they did 
not need to void themselves in order to keep protocol constant for other sources of 
thermogenesis. 

2.4.3. Energy Cost of Programmed A ctivities 

The energy expenditure offne programmed activities was determined by the 
use of the Oxylog portable consumption meter [6-8]. The Oxylog was calibrated against 
barometric pressure and with oxygen-free nitrogen. The straps were modified to be used 
as a backpack and withstand various movements that the subject had to perform like that 
of leaning and bending forward in wall construction. 

2.4.4. Doubly Labelled Water 

This method was used to measure daily energy expenditure during the 10 
day study that combined fixed and free living periods. The subjects were brought to the 
unit on day zero after a 1 2 h overnight fast. Basal blood and urine samples were collected 
for each subject and an oral dose of 1.63 g of 2 H 2

1 8 0 / k g of body weight was given 
immediately after the collection.The container was weighed before and after the dose to 
the nearest mg and the straw was rinsed wi th 50 mL of tap water.The second plasma 
sample was obtained 4 hours after the dose. Urine collection was started the afternoon 
of day zero for determination of isotope enrichment. Subsequent urine samples were 
collected daily for the next ten days registering the time of the void. Samples were kept 
in double lid plastic containers, sealed with parafilm and frozen until shipment to the 
Rowett Research Institute, in Aberdeen Scotland, for mass spectrometry analysis. At this 
stage analysis were performed as a two point assay. 

2.4.5. Discretionary Energy Expenditure (DEE) 

This component was obtained by subtracting the sum of basal metabolic rate and 
controlled activity from free living daily energy expenditure. 

2.4.6. Factorial Energy Expenditure 

Daily energy expenditure was calculated also by the factorial approach taking 
into account BMR, energy cost of activities measured wi th the Oxylog plus the estimation 
of expenditure by activity diary using the energy cost of activities reported by the 
FAOAA/HO/UNU committee [5]. Physical activity index (PAI) was calculated dividing 24 h 
energy expenditure by BMR. 

3. RESULTS 

Subjects body composition determined by 2 H 2

l s O is presented in Table I. Percent 
fat was 12.3, 16.6 and 25.7 for the low, normal and high body mass index groups. 

Based on the daily weighed records (Table II, energy intake by group was very 
similar between the three BMI categories during the ten days of the protocol wi th an 
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average of 12.6, 12.5 and 13.2 MJ/d from low to high respectively. The proportions of 
fat, protein, carbohydrates, and alcohol were 36.9, 13 .1 , 46.1 and 3.9 % respectively. 
The distribution of energy is very similar to that found in the diet of this part of México 
wi th a high proportion coming from fat. The energy intake was significantly lower 
(p<0.05) by 1.2 MJ than the energy expenditure by the 2 H 2

1 8 0 method considering the 
twelve subjects in the three groups. Further, there was a poor correlation between these 
variables by regression (r = 0.33; p = 0.27). These results are not very different from these 
authors have found between intake and expenditure wi th these methods [3-9]. 

Energy expenditure values (Table III) are expressed in terms of hours during the day. 
Basal metabolic rate was transformed to the fraction of sleeping time derived from the 
activity diaries of the ten day period for each individual which on average was 8.5 ± 1.05 
hours. The fixed daily activity period determined by Oxy/og measurements was 4.5 hours 
out of six, taking into consideration that there were 5 minutes breaks between activities. 
From these components the DEE was calculated for the rest of the day and was equivalent 
to approximately 11.5 hours (Table III). 

Three components of energy expenditure (MJ/d): daily, BMR, energy cost of fixed 
activity showed significant correlations (<0.02) wi th fat free mass determined by dilution 
with the doubly labelled water method. However discretionary energy expenditure did not 
show a significant relationship to fat free mass (Figures 2 and 3). 

Subjects distributed by body mass index ranged from 16.7 to 28.9 kg /m 2 and 9.5 
to 29.7 % fat. To test the effect of energy status on energy expenditure, DEE was 
expressed as % of daily expenditure (DEE/24hEE) and the 8 h BMR (DEE/8h BMR) rather 
than body weight, since dividing by body weight tends to lower the expenditure 
component when BMI or body weight increases. Spearman rank correlations were: 
r = 0 .035; p = 0.91 for DEE/24hEE & BMI and r = -0.31 5; p = 0.92 for DEE/8h BMR & BMI 
(Figure 4). Similar results were obtained when DEE was analyzed by body composition (% 
body fat): r = -0 .007; p = 0.98 and r = -0.34; p = 0.25 (Figure 5). Analysis by groups was 
not attempted because of sample size and the wide variability in the DEE. These results 
seem to indicate that in a range of individuals of different energy status who were 
subjected to a continuous fixed work load there was no modification of the energy 
expended in their leisure time to cope wi th this environmental effect. 

The mean total thermic response after a meal seems to be within usual ranges, 
however the initial response appears to be delayed in relation to other studies [10-11 ] . The 
values for the individual subjects have not been used in any factorial calculations of energy 
expenditure at this t ime. 

Mean daily energy expenditure was 15.08 MJ by DLW and 15.94 MJ (Figure 7) 
calculated by the factorial method (p = 0.46) which corresponded to a PAI of 2.11 and 
2.24 respectively. Both methods confirm that the general activity pattern of the subjects 
in this study resulted in a heavy work load that was equivalent to a PAI > 2 . 1 . In this 
sense, the work load imposed to the subjects was most likely similar to their normal 
expenditure while working in real construction activities and therefore suitable to study this 
phenomenon. However the individual variation that resulted in the subjects (Table III) is an 
important finding that confirms the difficulties of studying human biological variability. 



In conclusion this study shows no evidence of adaptation in energy expenditure to 
cope wi th an environmental factor such as work. The study also showed a good 
agreement in the application of the doubly labelled water system and the factorial 
calculation of energy expenditure by indirect calorimetry and activity diary. 
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BMR ° WEIGHED FOOD INTAKE 
° ACTIVITY DIARY 

DOSE ° URINE COLLECTION BMR 
° CONTROLLED ACTIVITY PROGRAMME: 

SESSION 1 PPT 

BODY Three hours of continuous activity, each 
COMPOSITION hour divided as follows: 

NORMAL WALKING : 15 min / 5 min resting 
TREADMILL : 15 min / 5 min resting 
CONSTRUCTING : 15 min / 5 min resting 

LUNCH BREAK 

One hour 

SESSION II 

Session I is repeated 

* Saturday and Sunday without controlled activity 

Figure 1 . Study Timetable 
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TABLE I. PHYSICAL CHARACTERISTICS OF SUBJECTS 

Subject Age 
<y) 

Weight 
(kg) 

Height 
(cm) 

BMI 
(kg/m 2) 

Fat* 
% 

FFM* 
(kg) 

RME 28 48.8 1.71 16.7 9.5 44 .15 

GC 20 46.7 1.58 18.6 13.1 40.59 

CAR 20 54.9 1.68 19.4 14.6 46.89 

JMJ 21 55.4 1.68 19.7 11.9 48 .79 

MEAN 
S.E. 

22.0 
1.9 

51.5 
2.2 

1.66 
0.03 

18.6 
0.7 

12.3 
1.1 

45.11 
1.78 

DDV 20 58.0 1.69 20 .4 17.6 49.93 

JER 24 62.5 1.70 21.6 21.2 49.28 

IV 20 70 .8 1.78 22.3 13.3 61.42 

JAS 20 67.4 1.71 23.1 14.2 57.35 

MEAN 
S.E. 

21.0 
1.0 

64.7 
2.8 

1.72 
0.02 

21.9 
0.6 

16.6 
1.8 

54.95 
2.94 

FBB 25 76 .8 1.70 26.6 21.0 60.7 

JAR 20 71.9 1.64 26.7 29.7 50.5 

FZ 18 77.0 1.68 27.2 27.6 55.7 

JLG 18 80.1 1.66 28.9 24.5 60 .4 

MEAN 
S.E. 

20.3 
1.6 

76.5 
1.7 

1.67 
0.01 

27.4 
0.5 

25.7 
1.9 

56.84 
2.39 

* Measured by Z H 2

1 8 0 dilution method 



TABLE II. ENERGY AND COMPONENTS OF THE DIET DURING 10 
DAYS BY WEIGHED INTAKE 

Subject 
BMI 

(kg/m 2) 
Energy 
Intake 
(MJ/d) 

Protein 
% 

Fat 
% 

CHO 
% 

Alcohol 
% 

FQ 

RME 16.7 13.07 17 43 41 0 0.845 

GC 18.6 10.87 17 47 36 0 0 .832 

CAR 19.4 11.77 12 33 47 8 0 .856 

JMJ 19.7 14.86 13 36 45 7 0 .850 

Mean 
S.E. 

18.6 
0.7 

12.64 
0.87 

14.8 
1.3 

39.8 
3.2 

42 .3 
2.4 

3.8 
2.2 

0 .846 
0 .005 

DDV 20.4 12.24 14 30 50 7 0 .866 

JER 21.6 11.41 17 45 37 0 0 .836 

IV 22.3 16.67 13 27 58 2 0 .889 

JAS 23.1 9.81 13 43 44 0 0 .850 

Mean 
S.E. 

21.9 
0.6 

12.53 
1.47 

14.3 
1.0 

36.3 
4.5 

47 .3 
4.5 

2.3 
1.7 

0 .860 
0.011 

FBB 26.6 11.36 11 37 43 9 0.843 

JAR 26.7 11.01 10 34 48 8 0.855 

FZ 27.2 15.99 11 33 56 0 0 .884 

JLG 28.9 14.24 12 32 46 9 0 .852 

Mean 
S.E. 

27 .4 
0.5 

13.15 
1.19 

11.0 
0.4 

34.0 
1.1 

48.3 
2.8 

6.5 
2.2 

0 .859 
0.009 

91 



TABLE III. COMPONENTS OF ENERGY EXPENDITURE IN CONSTRUCTION WORKERS 
(KJ) 

Subject BMI EE BMR Fixed Discretionary 
Activity* EE 

(kg/m2) (kJ) (kJ) (kJ) (kJ) 
24 h « 8 h 4.5 h = 11.5 h 

RME 16.7 13603 2142 4980 6481 

GC 18.6 10644 i 953 4141 4550 

CAR 19.4 16539 2228 4987 9324 

JMJ 19.7 11436 2177 4846 4413 

Mean 18.6 13055 2328 4739 6192 
S.E. 0.7 1318 123 404 2291 

DDV 20.4 13044 2265 4987 5792 

JER 21.6 12272 2363 5148 4761 

IV 22.3 19648 2528 6441 10697 

JAS 23.1 18455 2382 5792 10281 

Mean 21.9 15855 2480 5592 7879 
S.E. 0.6 1868 121 664 3037 

FBB 26.6 14760 2647 6159 5954 

JAR 26.7 14985 2230 6001 6754 

FZ 27.2 17558 2443 6743 8372 

JLG 28.9 18037 3073 7081 7883 

Mean 27.4 16355 2753 6496 7241 
S.E. 0.5 851 244 504 1093 

* Measured by 'Oxyfog' 
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