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Summary :

Rural-urban and seasonal differences in energy balance were studied among

selected free living subjects, chosen from the poor population groups in Bangladesh.

Individual dietary energy intakes were estimated by a combination of 24 hours recall and

weighing method. Time allocation to various occupational and non-occupational

activities were recorded by observation and questioning, and energy expenditures were

calculated by using FAOIWHO/UNU guidelines.

The male working adults in both the population groups studied were found to be

in negative energy balance in both the seasons observed. In Jan-Feb when employment

opportunities for the rural poor were few all age and sex groups were in negative energy

balance, and when employment opportunities improved during May-June the situation

reversed except for the male working adults. In urban areas, on the other hand, all age

and sex groups, except the male working adults were in positive energy balance in both

the seasons. Rural children under 10 years, had significantly higher energy expenditure

(P<0.023) than their urban counterparts. Seasonal difference in energy expenditure

among the rural male adults is quite high. In the urban group there was no such seasonal

difference. Apparently very high rural-urban difference in energy expenditure of the

male adults (18-30 y) in season 1 may be attributed to very high energy demanding

activities in which the observed subjects in rural areas were engaged during this

season. Compared to their urban counterparts rural male adults (18-30 yrs.) were

found to be devoted significantly higher time in occupational and heavy household
activities.

Introduction :

Protein-energy deficiency (PEM), primarily due to quantitative inadequacy in dietary
intake, is an well documented nutritional problem in Bangl8:desh'.5.Time and again it has
been stressed that chronic energy deficiency not only complicates the overall nutritional

statusof individuals but also seriously affects the labour productivity, eventually hampering
theeconomicdevelopment of the country. The basic approach for estimating the magnitude
of energydeficiency has been essentially a comparison between estimated dietary energy
intakesand average energy requirements, estimated on the basis of certain assumptions.
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There are however, methodological problems in the estimation of both intakes and
requirements. Both intake and requirements may be under or over- estimated6.7.The intake
data are usually obtained by dietary surveys for limited period of time which ignores the
habitual intake patterns. Energy requirements on the other hand are estimated on the basis
of age, sex and occupation on the assumption that occupation takes into account the energy
cost of activities, and wider conclusions are made from these estimates. MQre often the
intakes are underestimated and requirements are overestimated. As a result the energy gap
is highly exaggerated. This makes both types of estimates questionable as predictors of
enegy balance.

According to the law of thermodynamics the energy intake equals to energy output
(expenditure) in the long run. In order to make precise estimates of energy balance, it is
therefore necessary to measure habitual pattern of dietary energy intake and also make
reasonably accurate estimates of energy expenditure over an acceptable period of time. For
obvious reasons neither the intake nor the expenditure of enemy can be precisely estimated
over a long period in free-living subjects. In free-living subjects crude estimates of energy
expenditure can be made by constructing individual activity profilesand then summing up the
energy cost of all activities. The aggregate of basal metabolic rate (BMR), calculated by using
FAO/WHO/UNU method8,and the energy cost of activities would be the crude estimate of
total energy expenditure. InBangladesh context noattempt has sofar been made to estimate
the energy balance.

This study was undertaken to make a rough estimation of energy balance among the
selected individuals from amongst the urban and rural poor using the dietary recall for intake
estimates and activity profile approach for estimation of energy expenditure.

Materials and Methods :

The subjects of this study, aged 3-60 years, were picked up from three slums namely

(1) Agar~aon (2) Khilkhet and (3) Kalyanpur in Dhaka city and three comparable rural areas
namely (1) Madaripur (2) Sribordi and (3) Bhola. The methodology for selection of study
locationsand householdshas beendescribedelsewhere10. Infantsand childrenunder 3
years were excluded because their intakes from breast milk were not estimated. Elderly
people over 60 years were also excluded from this analysis because of small number of
samples.

Dietary intake:

For estimation of dietary energy intake of the subjects of this study, household food
intake was assessed by a combination of recall and weighing method and individual intakes
of household members estimated. Food intakes were translated into energy equivalents
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using the local Food Composition Tables": Observed energy intakes of different age/sex
groups were compared with their estimated energy expenditure. In order to account for
seasonal variability in intake, dietary surveys were conducted in two different seasons.
Identificationof the two seasons was done on the basis of first hand information gathered
during preliminary visits to the rural locations. Season 1 (Jan-Feb) is characterized by low
dietary intake due to reduced employment opportunities. In contrast, season 2 (May - June
for rural locations 1 and 2 and Oct-Nov for location 3) is characterized by relatively higher
employmentopportunities and hence improved dietary intake.

Anthropometry'

Inorder to calculate the BMRvalues using the FAO/WHO/UNU guidelines height and
weightof the subjects were measured using standard measurement techniques. Height was
measuredonly once in season 1 and weight in both the seasons.

Activity profile :

In constructing the activity profile time spent on individual activities are recorded and

then appropriate BMR factors (BMR multipliers) from published Iiterature8.9.12.1sare applied

to calculate the energy cost of different activities.

Time spent on various occupational and discretionary activities were recorded for
individuals selected from different age, sex and occupational groups. This was done
partly by observation and .partly by questioning the respective individuals. In recording
timespent on occupational activities that require movement from place to place the subject
was followed by the investigator either on foot or on a bicycle (e.g. following a person
goingto the place of work on foot or following a rickshaw puller on a bicycle). Energy cost of
activities were calculated by multiplying the time spent on each individual activity by
appropriateBMR factor89.The sum of energy cost of activities plus the BMR gave the total
energyexpenditure.

Dataanalysis:

Data analyses were done in the computer using dBase and SPSS software packages.
Group t-Test were done to determine the levels of significance in the observed inter-
locationaland seasonal differences.

Results:

Height, weight and BMR: Table 1 shows the mean height, weight and calculated
BMR by age/sex groups by seasons of measurement. It seems that although slight

\

improvementin the mean weight of certain age groups are noticeable in season 2. overall
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there was no rural-urban or seasonal difference in the mean weight of the two population

groups studied.

Activity patterns:

Table-II shows the activity profile, average time allocation to various occupational-

non-occupational activities by age groups, sex and season. Time spent on various types of

activities does not show any consistent seasonal or rural-urban trend. It seems that females

of all age groups spend more time in bed both in rural and urban areas. Compared'to rural
women, urban women spend more time on light and moderate household activities. Rural

males In the age group of 18-30 years spend significantly higher time in occupational

and heavy household activities. On the whole, season 1 (Jan-Feb) in rural areas is

characterized by higher time allocation to occupational activities when the overall dietary
intake was low.

Table -I: Mean height, weightand calculatd BMR by age groups, sex, residence and season

4

Age Sex Residence Height Weight (kg) SMR (Kcal/day)

(yrs.) (cm) Season 1 Season 2 Season-1 Season-2

3-10 Y Male Rural 92.5 12.6 11.8 781 763
Urban 91.8 10.3 13.2 729 796

Female: Rural 99.3 13.5 14.0 802 813

Urban 100.7 13.6 14.9 804 834

10-18 Y Male Rural 135.9 25.2 26.4 1091 1112

Urban - - - - -

Female: Rural 132.1 27.0 25.3 1076 1055
Urban 132.7 28.5 21.9 1094 1013

18-60 Y Male Rural 160.6 48.0 48.6 1419 1428

Urban 158.5 45.6 48.0 1383 1425

Female: Rural 150.0 40.4 41.6 1114 1121

Urban 149.8 42.0 41.3 '1126 1121

30-60 Y Male Rural 160.7 47.3 47.9 1427 1433

Urban 159.4 47.7 51.2 1432 1473

Female: Rural 150.1 41.4 34.1 1189 1125
Urban 150.3 40.6 40.4 1183 1181
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Table-II: Rural-Urban and seasonal pattern of time allocation (in minutes) on different types
of occupational and non-occupational activities (Time in min)by adolescents and adults

Activities/ Rural Urban

Agegroups Male Female Male Female

Sn-1 I Sn-2 Sn-1 I Sn-2 Sn-1 I Sn-2 Sn-1 I Sn-2
Sittingrecreation:

10-17 133.7 124.3 200.2 186.0 - 166.8 125.0
18-30 54.3 115.1 129.8 169.3 132.8 166.0 153.2 155.0
30-60 80.7 96.0 138.1 144.3 153.6 172.1 126.0 '121.4

Inbed:
10-18 631.0 688.7 638.0 638.0 - - 655.8 720.0
18-30 475.6 501.6 630.9 618.9 533.6 536.7 614.3 629.8
30-60 560.1 522.6 609.8 570.8 545.7 507.8 587.3 701.6

Personalactivities :
10-18 77.0 90.7 105.8 110.8 - - 150.5 99.5
18-30 107.1 89.6 94.6 115.5 107.3 146.0 122.6 113.7
30-60 104.6 105.1 114.3 132.5 96.3 105.9 119.2 99.0

';'" to moderateh/h activities:
10-18 23.3 34.7 57.6 81.5 - - 59.3 54.0
18-30 38.9 26.6 74.8 103.7 15.6 .12.3 113.0 109.5
30-60 41.9 57.4 83.5 178.3 40.8 36.5 216.8 173.0

Heavyh/hactivities :
10-18 30.0 0.0 39.8 22.3 - - 19.0 26.5
18-30 195.0 0.0 36.6 33.2 3.4 24.3 20.3 22.1
30-60 21.5 17.0 19.8 18.8 0.7 26.0 10.8 45.8

Cooking:
10-18 0.0 0.0 73.2 44.3 - - 93.8 3.5
18-30 0.0 0.0 151.4 137.2 0.0 0.0 150.3 148.7
30-60 0.0 9.3 153.1 184.0 9.6 17.0 173.8 115.8

W,,!lking
10-18 47.7 165.3 123.0 123.0 - - 122.3 145.5
18-30 48.0 67.7 61.1 95.4 85.3 51.0 100.5 79.8
30-60 111.4 87.4 63.4 79.5 108.2 55.7 98.5 51.0

Orc:upational(Agri):
10-18 174.0 73.7 0.0 1.3 - - 0.0 0.0
18-30 354.9 500.6 20.9 9.7 134.0 140.0 1.2 0.0
30-60 313.5 273.6 10.9 30.3 50.5 47.2 0.0 0.0

Occupational(Non-Agri) :
10-18 296.0 217.0 29.8 82.3 - 0.0 0.0
18-30 115.7 52.1 14.3 7.8 190.5 190.3 9.2 0.0
30-60 116.8 137.3 33.5 0.0 224.5 180.5 0.0 0.0

Residualtime:
10-18 6.7 27.7 70.0 19.3 - - 33.0 92.5
18-30 9.3 17.4 95.7 36.0 91.6 66.0 19.0 34.5
30-60 26.2 16.2 119.6 24.8 48.5 27.8 27.8 28.0
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Energy intake and expenditure:

Table III shows the intake and estimated expenditure of energy by different agel

sex groups in the population groups studied. It appears that during season 1 (Jan-Feb) in

rural areas, all age/sex groups, except females in the age groups of 5-10 years and 30-60

years were in negative energy balance. In season 2 (May-June), most groups, except the

male working adults were in positive energy balance. The possible explanation mighfbe

that the working adults were getting more employments, and hence more energy

expenditure which exceeded the increased intake. On the other hand it is not unlikely

that energy expenditures are overestimated which implies that the SMR factor for specific

tasks performed by the observed subjects may be somewhat different from those in the
literature.

In the urban areas all age/sex groups, except the male working adults were in

positive energy balance in both the seasons studied. As in the case of rural workers,

besides the possibility of over-estimation of energy expendit~re due to inherent errors in the

SMR multipliers, there is also the possibility of under-estimating intakes of urban working

adults. A substantial proportion of urban working adults eat at least one big meal outside the

home and also take some snack foods while at work and it would be virtually impossible to

make precise estimates of their dietary intake simply by questioning.

Physical activity level (PAL) :

The physical activity level (PAL) values of different age/sex groups have been

calculated on the basis of estimated energy expenditures over a 24-hour period (Table-IV).

Seemingly a high PAL value for the 18-30 years rural males in season 1 is primarily due to

small sample size, and secondly four of the seven individualsobserved were performing very

high energy demanding activities; three of them were engaged in a very arduous task of

pedaling irrigation water pumps for long hours and the other one was a rickshaw puller.

Averaging the PAL values for all adults between 18and 60 years giv.esa smoother look. On

the whole, urban working adults have higher PAL values, which again. as has been

mentioned earlier, may be partly attributable to an overestimation of energy expenditure, and

partly for inclusion of subjects who were actually engaged in their occupational jobs on the

days observed.
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Table -III : Energy Intake and Expenditure by age group. sex, residence and season

Age group /Sex /Residence Season 1 Season 2

Intake Expenditure Significance Intake Expenditure Significance
K cal/d K cal/d (at 5% level) K cal/d K cal/d (at 5% level)

3 - 10 Y Male: Rural 1049i421 (39) 1174i220 (11) NS 1295i575 (58) 1055i42 (8) NS

Urban 1358i531 (32) 1001i168 (8) NS 1374i506 (20) 1138i254 (5) NS

Female: Rural 1109i519 (34) 1170i173 (12) NS 1366i673 (56) 1192i 138 (14) NS

Urban 1319i419 (37) 114h165 (10) NS 1245i631 (33) 1145i244 (12) NS

10 - 18 Y Male : Rural 1834i776 (11) 2538i755 (3) NS 1697i640 (18) 1897i239 (3) NS

Urban

Female: Rural 1552i614 (14) 1685i260 (5) NS 1947i786 (17) 1732i244 (4) NS

Urban 2090i 1262 (15) 1683i101 (4) NS 2250i904 (11) 1577i18 (2) NS

18 - 30 Y Male : Rural 2198i957 (17) 5077i 1154 (7) S 2676i1169 (20) 2952i 356 (7) NS

Urban 3289i1036 (16) 3774i926 (12) NS 2536i 1068 (13) 3831i2224 (3) S

Female: Rural 1831i652 (44) 1746i115 (22) NS 2193i939 (48) 1827i151 (22) S

Urban 2394i794 (42) 1738i87 (23) S 2333i889 (30) 1713i126 (32) NS

30 - 60 YMale : Rural 221h874 (42) 3203i 1097 (15) S . 2605i 1040 (62) 2845i392 (14) NS.
Urban 2554i792 (48) 364h957 (22) S 2396i961 (36) 3624i 1162 (10) S

Female: Rural 2060i764 (17) 1818i140 (8) NS 2046i821 (38) 1744i417 (4) NS

Urban 1918i627 (29) 1886i103 (6) NS 1770i725 (25) 1766i93 (5) NS
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Rural-urban and seas(;>naldifferences In energy intake and estimated energy
expenditure are evident. In rural areas, season 1 (Jan-Feb) is characterized by low dietary
energy intake due to reduced employment opportunities. In contrast, season 2 (May-June) is
characterized by relatively higher employment opportunities and hence improved dietary
intake. The two seasons of this study are not same as the traditional pre-harvest and post-
harvest seasons. In urban areas, seasonal differences are small and inconsistent. The

inconsistencies may be partly attributed to day-to-day variations and partly to small number
of samples in different age/sex sub-groups.

It seems that most age/sex groups in rural areas were in negative energy balance in
season 1(Jan-Feb), and the situation reversed inseason2 (May-June), except incase of male
working adults. On the other hand, inurbanareas, all age/sex groups, except the male working
adults were in positive energy balance In both the seasons obser.ved.Energy expenditure
estimates were made on a relatively small number of samples. Moreover, in constructing the
individual activity profiles for estimation of energy expenditure only those male adults were
observed or questioned who were actually on their occupational jobs on the observed days.
For obvious reasons the subjects would not be in employment every day, and their average
energy expenditures over time would be somewhat lower than those estimated on particular
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Table - IV: Physical Activity Levels (PAL) by age group, sex, residence and season

Age group Sex Residence Season-1 Season 2
PAL PAL

3-10 Y Male Rural 1.49 1.38
Urban 1.36 1.42

Female Rural 1.46 1.46
Urban 1.42 1.37

10-18y Male Rural I 2.34 I 1.70
Urban

Female : Rural 1.56 1.64
Urban 1.54 1.56

18 - 30 Y Male Rural 3.58 2.06
Urban 2.74 2.69

Female : Rural 1.57 1.63
Urban 1.54 1.53

30 - 60 Y Male Rural 2.24 1.98
Urban 2.54. 2.45

Female Rural 1.53 1.55
Urban 1.60 1.50

Discussion:
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days. It is perhaps for this reason that the male working adults in both the population groups

studiedwere found to be in negative energy balance in both the seasons observed.
Nevertheless,seasonal difference in energy expenditure among the rural male adults is
noteworthy.No such difference was evident in the urban group. Apparently very high rural-
urbandifference in energy expenditure of the male adults (18-30 y) in season 1 may be
attributedto very highenergydemanding activities the ruralsubjects were engaged induring
this season.

The subjects of this study were poor, and as reported by other workers16,the,poor
spendmoretimeon occupationalactivitiesinvolvingheavyphysicallabour,hencemore
energyexpenditure. It is also likely that their energy expenditures might have been
overestimatedbecause of inherent errors in SMR factors specified for different types of
activities. At the same time it is also possible that the intake of male working adults might have

beenunderestimated,because many of them eat substantial amounts of food outside the
home,which is difficult to estimate by questioning. Without more detailed profile studies on
energyintakeand expenditureon larger samples,representingdifferent age, sex and
occupationalgroups, it would not be worthwhile to make conclusive statements regarding
el1ergybalance.What can be statedat this stage is that, ?t times of stress, so far as
employmentopportunitiesareconcerned, mostage/sex groups, especially in ruralareas, are
Innegativeenergy balance, and that the situation reverses when employment opportunities
Improve.

In case of children under 10 years of age, who are not usually engaged in occupational

activities, it seems worthwhile to make some comments on rural-urban differentials in energy

expenditure. PAL values (Table IV) calculated from the total energy expenditure estimates

do demonstrate rural-urban difference among the children below 10 years of age. Group t-

test showed that the energy expenditure of rural children is significantly higher (P<.023) than

their urban counterparts, and there was no seasonal differences in their energy expenditure.
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