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Ahstract

Obesity and NIDDM are common in the ThirdAge and increasing in Cuba Among the life-style changes
associated with increased prevalence of oh esity and its related disorders, diet and activity patterns are
prime candidates. The transition to this life-style model may induce a decrease in the energy needs. There
is an urgent need for tools which have been validated for measuring diet and physical activity in
nutritional studies in the developing world, but also a more urgent needfor reference valuesfor the total
energy requirements of healthy elderly people. Regular physical activity reduces the likelihood to develop
diseases that characterise the metabolic cardiovascular syndrome. With the purpose of estimating the
energy requirements, a group of 48 elderly people aged 61-74 years living in a rural mountain
community was submitted to a medical, epidemiological, dietary and biochemical study of the nutritional
status. Glucose intolerance was diagnosed in 40% and arterial hypertension was present in 23 of
them. Ten subjects without signs or symptoms of the metabolic cardiovascular syndrome were submitted
to a measurement of the total energy expenditure by the doubly labelled water method PAL values of
2.13 and 1. 77 were measured for men and women, values which were significantly higher that the
recommended value of 151 for elderly subjects. The estimation of energy requirements by the energy
intake or by the factorial method using the physical activity questionnaires generated values, which were
II and 30% lower than the values obtained by the DW-method The value of .5 x BMR for the
estimation of the energy requirements of elderly subjects living in rural areas and submitted to higher
levels ofphysical activity seems to be sub estimated

1. SCIENTIFIC BACKGROLTND AND SCOPE OF THE PROJECT

In Cuba the reduced mortality and fertility and a remarkable change in the age structure is
coincident with an advanced stage of the epidemiological transition, where chronic diseases
appear simultaneously with deficitary diseases. These changes are often accompanied by a
sedentary life-style and a reduction of the Total Energy Expenditure (TEE), which could
promote weight gain. There is limited information in relation with the energy requirements of
the elderly in comparison to others groups of age. Generally a mean energy intake of 1.51
times BMR is recommended for subjects over 60 years.

A reduction in physical activity reduces obviously the TEE of the individuals. This is
considered an important factor in the reduction of the energy requirement in the elderly [1].
Cross- sectional observations suggest that the transition from traditional to modem lifestyle
may have induced a decrease in daily energy expenditure of 12 MJ/d 2 The regular
participation in physical activity is known to control the body weight, to reduce the glycogen
stores and to increase sympathetic nervous system activity, therefore a shift towards a
sedentary lifestyle include a reduction in the potential for the regulation of the energy,
carbohydrate and lipid metabolism; on that way the maintenance of the energy and
macronutrient balance can take place without an increase of the glucose and non-esterified
fatty acid concentrations.
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Syndrome X, glucose intolerance syndrome or metabolic cardiovascular syndrome are terms
used to describe a cluster of disorders linked to insulin resistance with the potential risk of
glucose intolerance and eventual diabetes. The specific disorders found in the metabolic
cardiovascular syndrome include hipertriacylglycerolaemia, raised LDL and reduced HDL-
cholesterol, hypertension, central (intra-abdominal) obesity and reduced insulin secretion with
impaired glucose tolerance, which is an early and fundamental feature of the syndrome 3]
Physical activity reduces the likelihood to develop diseases associated with excess circulating
substrates that characterise the metabolic cardiovascular syndrome. According with recent
results, the total energy expenditure is a major determinant of the risk of having this syndrome
[4-5]. Glucose intolerance is strongly associated with low physical activity 7-13], however in
none of the prospective epidemiological studies, which support this affirmation a critical
method has been used to quantify exactly the physical activity and the total energy
expenditure.

The physical activity of the elderly in rural areas is usually higher. The energy cost of the
normal daily activities increases with age 14-15]. This reduced efficiency may be one of the
reasons of the slow down of older individuals, which also contributes to a negative energy
balance, weight loss and some degrees of -undernutrition. Coronary heart disease, obesity and
non insulin dependent diabetes mellitus, chronic diseases related with the ageing process and
modifications of the life style often leading to circulatory failure are becoming a significant
problem also in Cuba.

The association in the metabolic cardiovascular syndrome and the potential risk of glucose
intolerance or eventual diabetes with an increased risk of clotting, hyperlipidaemias,
hypertension, accelerated degenerative changes in the vasculature, small stature, abdominal
obesity, low-full-term. birth weight and enhanced predisposition to cerebrovascular or
cardiovascular incidents is an actual topic that has to be taken into account in the discussion
related with nutritional status and nutritional requirements of the elderly 6,16]. Those factors
should be taken into account in studies on the energy requirements of the elderly population.

In elderly people exists an imbalance between energy intake and energy expenditure. The
scientific evidence about energy requirement in the elderly is variable. This variability is often
generated by the data of energy intake and requirements, but most important than that by the
diversity of the physical activity patterns in the elderly population.

The VVHO, the US National Research Council and the Department of Health of the United
Kingdom have used the factorial method for the estimation of the energy requirements 17],
but this method underestimate the energy requirements basically because of the difficulty for
the classification and quantification of the physical activity. A evaluation of recently doubly
labelled water (DLW) studies in adults over 60 years of age of developed countries have
shown a physical activity level (PAL) value of 161 for men and 163 for women. According
with these results the energy requirements of the elderly population should be underestimated
by those International organisations 181. An analysis of 574 measurements of the TEE with
the DLW-method in elderly people of affluent societies has shown a PAL value of 162 for
women from 65-74 years of age and a reduction to 148 for women older than 75 years. The
values for men were 161 and 154. This analysis included persons with different levels of
physical activity 19].

Using the DLW method a mean PAL value of 159 was measured in free living women of
Havana City in 1998. The data showed a great variability 20]. The mean value did not differ
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from the one used in the energy allowances for the Cuban population .60) 2 1 ]. According
to the 1985 FAO/VVHO/UNU Expert Committee 22], the energy requirements should be
preferably determined by the measurement of the TEE than by the observation of dietary
intakes. Of all existing methods, the isotopic measurement of the TEE in free living persons,
using the doubly labelled procedure is the most accurate method at the present.

The purpose of this study was to measure the total energy expenditure of healthy elderly
people living in a rural area of Cuba using the doubly labelled water method.

2. SUBJECTS AND METHODS

2.1. Subjects

The subjects included in this study were forty eight adults from 60 to 78 years of age 26
males and 22 females) of the rural mountain community "Las Terrazas" in western Cuba
selected in May 2000 by intentional and not probabilistic procedure. The population of that
community classified as rural, but they live concentrated in an area in the mountains with
most of the facilities of urbanization. The men were employed in activities related with
ecological tourism, reforestation labors, the assistance of an ecological reserve or were retired
but occupied during the day with farming. Women were mostly involved in farming,
gardening, sedentary occupations or were retired. All of them classified as oriented in time
and space according to the Pfeiffer scale 23] and were physically independent accordin to
the scales of Katz 24] or SENECA 25].

Ethical approval was obtained from the Ethical Committees of the Ministry of Public Health,
the Institute of Nutrition of Cuba and the Ethical Committee of the Research Center on
Feeding and Development from Hermosillo, Sonora, Mexico. Each subject was previously
informed about the objective and exact design of the study and written consent was obtained
from the subjects, family and local health and civilian authorities. Repeated sampling of blood
was not allowed by Cuban authorities and therefore the diagnose of glucose intolerance could
only be obtained by the traditional oral glucose tolerance test.

Subjects were initially submitted to a health interview in relation to physical activity and
health picture. Subjects with incapacitating and degenerative diseases (ischemic heart disease,
cancer, arthritis and vascular diseases) and patients with arterial hypertension and diuretic
intake were not included in the study. Subjects with controlled arterial hypertension under
treatments with betabloquers, calcium antagonists and inhibitors of the angiotensin converting
enzyme were included. They referred that such treatment did avoid them the realization of
their normal physical activity. All subjects referred no changes in body weight during the
previous six months to the study. The study was followed during five weeks in the spring of
2000. Mean ambient temperature was 25T and atmospheric pressure 760 mm Hg.

81



2.2. Study Design

The 48 selected subjects for the study arrived after 12 h fasting to the laboratory of the clinical
station of the community at 0800 on study day for a clinical, anthropometrical and
laboratory examination. All of them were newly asked to come again the second and third
week of the study for measurements of body composition and resting metabolic rate.

2.2. 1. Clinical laboratory measurements

Glucose tolerance and type II diabetes were studied according to the WHO recommendations
[26]. Glucose in capillary blood was measured with the HemoCue (AB, Angelholm, Sweden)
according to the method of Ashworth et al. 27] before and after a 75-g glucose load.
Hemoglobin was measured by B-Hemoglobin (Hemocue AB, Angelholin, Sweden). Urine
analysis by Multistix 10 SG, Bayer.

2.2.2. Bloodpressure

Blood pressure was recorded tree times in sitting and lying position. Values higher than
160/95 in elderly people classified as essential hypertension 28].

2.2.3. Anthropometric measurements.

Body weight was registered without clothes with a Soehnle scale (capacity 150 kg, precision
100 g). Height and recumbent height were measured with a stadiometer Proines or Holtain
Limited, Dyfed, Britain. Bicipital, tricipital, subescapular and suprailiac skinfolds were
measured by trained personal with skinfold caliper Holtain LTD, Cyinych, UX.. All
measurements were carried out according to the recommendations of Dumin 29]. Waist and
hip circumferences were measured with a metric band (Lafayette Instruments Company,
U.S.A.).

2.2.4. Body composition

Was measured by bioelectricalpedance with the system RJL (BIA 101, RJL System Detroit,
Mich., USA), previously calibrated with a resistance of 496 n. Measurements were followed
according to Lukasky et al. 30]. For the calculations was used, for men the specific equation
for men older than 60 years proposed by Durenberg et al 3 1 ]. Body composition for women
was calculated by the equation of Segal et al 32] proposed for adult women with more than
30% body fat. The % of body fat was obtained by difference.

2.2.5. Physical activity records.

All 48 subjects were submitted to a registration of the physical activities developed during the
12 months previous to the study. The Kriska et al. questionnaire 33] adapted by Alem�n et al.
[34] for the PAL estimation in a population older than 60 years in a rural region of Mexico
was used for this purpose by a trained interviewer. This questionnaire included all work and
discretional activities and was followed for 30 minutes in each subject. The energetic cost of
the physical activity for the adult population 22,35] was used. The estimated PAL should
represent the physical activity energy expenditure of a representative day of the year. The
questionnaire was repeated 34 weeks later during the development of the doubly labeled
water study.
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2.3. Energy expenditure

2.3. 1. Resting metabolic rate by indirect calorimetry.

In the clinical facilities of the rural community an acclimatized room was adapted for
metabolic measurements. The Resting Metabolic Rate (RMR) was measured under
thermoneutral temperature conditions (24-260C) and absence of physiological and
psychological stress using the ventilated-hood indirect calorimeter Deltatrac (Sensor Medics,
Calif USA). Measurements were followed for 25 minutes, after an adaptation period of 
minutes to the ventilated hood. RMR was measured after 814 h fasting. The subjects were
asked before for not developing hard physical activities the day before, to wait in rest for the
transportation and to have dinner the previous night between 78 p.m., they were transported
by car from their homes to the clinic, having also being sedentary since waking. Direct after
arrival to the clinic they were asked to rest supine at the clinic for 30 minutes and to avoid
hyperventilation, fidgeting and sleeping during measurements. Room temperature was
registered 4 times during each test and atmospheric pressure two times daily.

The gas analysators of the monitor were calibrated before each measurement with a reference
gas mixture with 94.36 02 and 496 C02 and certified by gas chromatography
(Laboratorios de Gases Especiales, Fabrica de Gases Industriales Ciudad Habana). The
atmospheric pressure of the monitor was calibrated against the lectures of the room mercury
barometer. During the RMR measurements the flux of the Deltatrac system was verified by
repeated ethanol tests which simulated an energy expenditure von 1300 - 800 kcal. The
recovering values of the gas volume were 93.7% and 102.3% for 02 and C02, respectively.
The mean volume values measured by the Deltatrac were adjusted to 100% and used for the
calculation of the RMR with the Weir ecuation 3 6].

2.3.2. Total Energy Expenditure.

Was calculated for the 48 subjects by the factorial method using measured RMR and the PAL
values estimated by the Kriska-Aleman physical activity questionnaire. Calculations were
compared with the recommended values obtained with a PAL value of 1.51 recommended by
the Expert Committee of FAO/WHO/LTNU 1985 22].

3. ENERGY E)(PENDITURE BY THE DLW-METHOD

Ten from the 48 subjects included in the study (five men and five women) were selected for
the measurement of the total energy expenditure by the doubly labelled water method.
Subjects were selected according to the absence of hypertension, hipertriacylglycerolaemia,
raised LDL and reduced HDL-cholesterol, central (intra-abdominal) obesity and impaired
glucose tolerance. The selected subjects were studied according to the following protocol:

3.1. TEE by the DLW-method

The doubly labelled water method was used to determine the Total Energy Expenditure (TEE)
of each subject led a normal life at work and home during 14 days. Each subject received a
dose of labelled water with 0.05 g/kg Wt 2 H and 13 g/kg Wt 180 between 0700 and 0900
followed by 50 ml rinses of tap water.
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The distribution spaces in the body and the subsequent rates of disappearance from urine were
taken into consideration. The rate of elimination of deuterium reflects water output whereas
the rate of disappearance of Oxygen 18 reflects water output plus C02 production; the
difference between these two rates mainly reflects C02 production rate from which TEE was
calculated.

Urine collections of the second urine void in the morning were sampled before the
administration of the isotope doses and collected daily for 14 days afterwards. For avoiding
isotopic fractionation and elimination, the samples were immediately sealed and stored at 4C
until analysis. The samples were transported in July 2000 from the Sierra del Rosario to the
INTA, Santiago de Chile for isotopic measurements. The abundance of deuterium and
Oxygen 18 in the doses and in the samples was analysed in duplicated for both, deuterium and
Oxygen 18 by using continuous flow-mass spectrometry at the laboratory of Stable Isotopes,
Institute of Nutrition and Food Technology, University of Chile. Samples were prepared for
deuterium- analysis by Pt catalyst and equilibration during three days- for the O/"O ratio the
H20/CO2 equilibration method was used.

Values of TEE were calculated from the rate Of C02 production by using the Weir equation
with estimates for respiratory quotient assumed to be equal to a food quotient of 0.85. The
calculations were performed by using a lineal regression of the log values, and applying the
assumptions and error estimations proposed by Coward et al 1994) 37], and Cole et al
(1990) 38]. Values of TEE were calculated from the mass spectrometry deducted data by
applying the modified equation of Coward for use in older subjects, which takes into account
the predicted lower ratio of fractionated water loss in this age.

3.2. Physical activity

Physical activity was also registered in the IO subjects submitted to the doubly labelled water
study by the physical activity questionnaire of the developed sociornedical survey in the
elderly of eleven countries 391, which included the activities of each subject 24 hours before
the interview. The activity coefficients proposed by FAO 1990 were used for the calculations
of the Total Energy Expenditure (TEE).

3.3. Measurement of nutrient intakes

During the period of the doubly labelled water study the food consumed by each subject was
measured directly by two trained dieticians by 3-day weighed dietary record, which included
2 week-days and a week end day during the 10-day doubly labelled water study. The subjects
were observed while they ate and the weights of the meals served and the leftovers were
measured. Data on breakfast were obtained together with the installation of TriTracs.
Relatives or accompanying persons were asked to inform the dieticians about the registration
of additional foods consumed by the subjects in the meals intervals during the study. Scales
and measuring cups were provided to quantify amounts of each food item consumed (weight
given and leftovers). The dieticians were always with the subjects during the time of food
consumption at home or at the lunch facilities of the work places. The subjects were observed
while they ate and the weights of the meals served and the leftovers were measured. Direct
interviews with relatives, accompanying persons or the staff of the lunch facilities of the lunch
facilities allowed the registration of food preparation practices.
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Macronutfients intake was calculated for the 3-d weighed dietary intake by using the Cuban
food-composition tables included in the CERES software developed at the Institute of
Nutrition in Havana with the support of FAO 40].

3.4. Statistical analyses

Statistical analyses were carried out with the Number Cruncher Statistical Systems (NCSS 97)
for Windows. Two-ways analysis of variance was used for analysis of the sex influences.
Data of the resting metabolic rate were adjusted to lean body mass using the covariance
analysis 41]. Comparisons of the RMR, TEE, dietary energy intake were carried out with the
Wilcoxon test.

4. RESULTS

The characteristics of the subjects are presented in Table I. There were no differences between
men and women with respect to age, BMI, or blood pressure. Glucose intolerance was
diagnosed in 40% of the 48 subjects. Whereas 65 of the men had normal glucose tolerance,
that was true of only 55% of the women. Arterial hypertension was present in 23 of the
studied subjects (8 % of the men and 41 of the women) (Table II). Only 1.8% of the 48
subjects showed total cholesterol levels higher than 52 mmol/l a 73% of them had
triglycerides levels higher than 186 nimol/l, 14% had lower values of cholesterol-HDL and
none had pathological values of cholesterol-LDL.

4.1. Energy metabolism

The measured and predicted values of RMR (Table III) were not statistically different. Men
showed higher values 541 or 522 M/d) than women 468 or 473 MJ/d). R.MR was
positively correlated with lean body mass ( = 083; p = .001), body weight ( = 0.81; p <
0.001) and physical activity level ( = 020; p < .01). It was negatively correlated with age r
= 0.21; p < .001).

4.2. Physical activity by questionnaires

Men were most involved in moderate to hard physical activities like walking uphill, walking
and carrying, digging ground, cycling, climbing stairs, harvesting, crops of weeds, cutting
grass, animal husbandry, forestry, cross country walking, chopping wood, loading sacks,
gardening. Women developed more sedentary, light and moderate activities like walking
stairs, walking and carrying, gardening, washing, weeding crops, aimal husbandry, carrying
weights, harvesting crops, standing planting crops, and general household chores. The results
of the questionnaire of Kriska and Aleman which reported values of the previous year showed
that men dedicated more time to occupational activities 4.32 vs 3.25hours/d; p<0.05) than
women (Table IV) and expended more time in hard activities 135 vs. 003 hours/d;
p<0.001). PAL values calculated for men and women were 177 and 143 according to this
questionnaire.

Using the questionnaire of the sociomedical survey in the elderly of eleven countries. 41],
which included the activities of each subject 24 hours before the interview PAL values of 172

0 12 for men and 148 ± 006 for women.

85



4.3. Total Energy Expenditure TEE by questionnaire

Values of TEE were calculated with the individual measured values of RMR and the PAL
values registered with the questionnaires (Table III). TEE was statistically different between
men and women 9.4 5 vs. 62 5 MJ/d; p <0. 00 1). The valu es were significantly higher than the
Cuban dietary energy recommendations for men (p < .01) and significantly lower than the
values recommended for women (p< 0.0001). The values of TEE obtained for those elderly
with the factorial method by questionnaire were lower than expected according to the referred
physical activity level of those adults.

4.4. Total energy expenditure by the doubly-labelled water method

Table V shows the results of the dilution spaces, decay constants and the measured C02
production in mol/d for each subject. Mean 2H:"O dilution spaces ratio was 10427 (SD
0.039). The ratio of 2H and 80 of the Cuban elderly subjects 1.04) are slightly over the
values found in subjects living in cold environments but similar to the values measured by
Goran et al in elderly subjects in Virginia, USA. Mean 2H disappearance rate was IL % (SD
2%) per d 8.9 - 14.4%). Mean 18 0 disappearance rate was 14.4% (SD 2) per day 12 -
18%). Within-subject standard error of estimate Of C02 Production averaged 61 (SD 07)
by men (5 - 7) and 712 % (SD 32%) by women 4.7 - 12.2%).

Table III shows the values of TEE measured for each subject by the DLW method and the
factorial method using the measured RMR by indirect calorimetry and a questionnaire for
physical activity. Mean daily total energy expenditure by the DLW method was 29% higher in
men than in women (p < 0. 0 1). It ranged from 9 to 14 MJ/d in men and from 5.8 5 to I I
MJ/d in women

The estimation of energy requirements by the energy intake or by the factorial method using
the physical activity questionnaires generated values, which are I I and 30% lower than the
values obtained by the DLW-method in women. The registered value of MJ/kg body weight 
d for those rural women is in the observed range of energy expenditure for women of other
studies (Table VI).

The rural elderly men of the Cuban study showed a PAL value of 213, which was higher of
the reported values for subjects of the same age group in other studies but close to the value of
1.93 registered in elderly men of a rural community in Chile (Table VII). The values of TEE
for the Cuban subjects were in the observed range in other studies. Cubans were
approximately 20 kg lighter and showed a lower RMR than the subjects included in other
DLW studies. For this reason the energy expenditure per kg body weight was more than 20%
higher, implying a higher cost of physical activity.

The validation of the energy requirements calculated in men by the factorial method using the
physical activity questionnaire brought values which were 27% lower than the measured by
DLW (Table IVa). Differences of 55% (or 27% excluding outliers) were found between
energy expenditure and intake for men and the regularly reported underestimation of the food
consumption by those elderly subjects was playing a role in the results. A 31% and 12%
underestimation of total energy expenditure by the measurement of the energy intake has been
also reported by Goran in elderly men and women.
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The PAL values measured in elderly subjects of this rural mountain community was higher
than the informed values from international organizations 22,42,43]. Values for women were
lower than for men, what is sure generated by the fact that women of the community
expended more time involved in physical activities classified as light. They expended around
1.7 hours/d of a representative day of the year in activities with an energetic cost of I - 25 x
RMR. In moderate activities (almost all related with household) women expended only 065
hours/d. The time expended in moderated activities was 065 hours/d and eventually in
farming or harvesting, activities with values of energetic cost of 26 - 39 x BMR. Activities
classified as hard use to have values of energetic cost higher than 4 according to the arbitrary
classification of James y Schofield 35]. Some of those women showed PAL values higher
than 2.

The current energy requirements in the elderly are based on factorial type calculations
described by WPT James et al. According to this approach the energy requirement of the
elderly correspond to 1.5 times RMR. However the values measured in those rural elderly
subjects by the DLW-method were 213 for men and 177 for women.

In 1999 during a collaborating DLW study with the School of Nutrition of the Mc Gill
University, Montreal, Canada a PAL value of 1.58 was measured in free-living urban elderly
women from Havana City. Similar results were obtained in rural women from Chile 1.6) and
other studies shown in this report (range 143 - .80) (Table VI). A further classification by
age ranges and types of activities would perhaps explain the slight differences.

Men expended 189 hours per day in physical activities classified as hard and 107 hours/d in
moderated activities. Some of the subjects involved in this study had PAL values of 2.3. Men
and women expended a minimum of time in rest and recreational activities, therefore the main
contribution to the total daily energy expenditure came from the occupational activities.

The activity pattern of the elderly subjects of this community differs significantly from the
reported by FAO/WHO[UNU for subjects older than 60 years. Most of the subjects expended
most of the day in occupational activities in spite of they were retired. Most of those activities
are carried out without adequate technological supply.

The incidence of arterial hypertension and glucose intolerance in this community was high
Subjects with high levels of physical activity use to have less body fat 44], a lower risk of
cardiovascular diseases 45], type 11 diabetes 46,47] and affections related with the metabolic
cardiovascular syndrome 4,5]. In this study an inverse correlation was found between the
levels of physical activity and the fat component of the body ( = 0.40; p < .001). The
individuals selected for the energy expenditure measurements by the DLW-method were
those without signs or symptoms of the metabolic cardiovascular syndrome. The PAL values
of those subjects showed a positive correlation with lean body mass and resting metabolic rate
( = 0.20 p < .01). Lean body mass decreases with age 48] and inactivity, which conduces
to a decrease of the basal metabolic rate 49].

The value of 1.51 x BMR for the estimation of the energy requirements of elderly subjects
living in rural areas and submitted to higher levels of physical activity seems to be sub
estimated.

Physical activity levels determined by the DLW method are considerably higher than previous
published estimates for this age group and are in agreement with the type of activities in the
community. Average BMI for the ten subjects was 23.3+ 44. Nevertheless, 3 of the subjects
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had BMIs of 18.5, 17.5 and 16.8 which could be considered marginal in terms of chronic
energy deficiency depending on the PAL level. Of these, one subject with a BMI of 17.5 had
a PAL of 14, which is borderline chronic energy deficiency (CEE) degreel; another subject
with a BMI of 16.8 had PAL of 1.5 which definitely classifies as CEE degree 1. The third
subject had a BMI of 18.5 and a PAL of 21 and classifies as normal, however, his BMI is
marginal and could vary potentially with seasonality activities. These subjects represent 30%
of the individuals analysed.

The PALs obtained by the questionnaires underestimated energy expenditure and physical
activity compared to the doubly labelled water method. Total energy expenditure and PAL by
the DLW method showed a much higher level of what has been reported for similar age
groups in other studies. This would indicate an important underestimation of their energy
requirement, especially, in view of the fact that in subjects of these level of BMI, there is a
potential risk for falling into a chronic energy deficiency processes.

In spite of the fact that these results are limited with respect to sample size, currently, part of
this same study conducted in Chile and Mexico in the same age group, rural conditions and
protocol is being finalized and will provide very important information for final conclusions
from the perspective of energy requirements and recommendations.

A follow-up of these subjects extremely important for it shall shed light on matters of energy
balance due to the marginal status of some of the individuals and in the group as a whole
which will be necessary for appropriate interpretation and final conclusions.
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TABLE 1: "ENERGY REQUIREMENTS AND PHYSICAL ACTIVITY LEVEL OF
ELDERLY PEOPLE IN RURAL AREAS OF CUBA"

PHYSICAL CHARACTERISTICS.OF THE SANTLE

Men Women
(n 26) (n=22)

Age (years) 67.0 4.9 68.1±6.1
Weight (kg) 61.7 12,4 53.3 ±11.2
Height (cm) 163.0 ±10.0 150.0±10.0
Supine Length (cm) 164.0 ±10.0 152.0 ±10.0

M2)BMI (kg/ 23.0 ± 42 23.6 ± 46
BMI 1, kg/m 2 23.0 ±4.1 23.6 ± 46
BMI 2 k g/M2 22.7 ±4.1 22.9 ± 44

Waist C, cm 81.6 +10 81.5 ±13.3
Hip C cm 86.8 9.9 91.3 ±11.9
Waist/hip ratio 0.94 0.1 0.89 ± 0.1
Skinfolds Z mm 32.0 14 59.1 ± 30
Body fat by impedance 29.1 7.8 39.1 ± .8
Lean Body Mass by impedance, kg 43.1 ±6.0 32.0 ± .1

Means and standard deviations
BMI I = Body Mass Index with standing Height
1MC 2 = Body Mass Index with the recumbent Height
C = Circumferences
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TABLE 11: "ENERGY REQUIREMENTS AND PHYSICAL ACTIVITY LEVEL OF
ACTIVE ELDERLY PEOPLE IN RURAL AREAS OF CUBA".

BLOOD PRESURE AND BIOCHEMICAL INDICATORS OF CARBOHYDRATES AND
LIPID METABOLISM

Men Women Men
(n=26) (n=22) &Women

(n=48)
Blood pressure (sistolic) 125.0±15.2 122.3 ±17.2
Blood pressure (diastolic) 75.2 ± 10.3 78.1± 9.0
Rb 13.8 0.9 12.8±1.5
Glucose (fasting) 100.6±16.5 98.5± 12.0
Glucose (2h) 126.2±31.0 136.3 ±28.8
Total cholesterol nmol/1) 3.72 ± 089
Total cholesterol > 52 mmol/l 1.8 %
Triglycerides (mmol/1) 0.93 ± 060
Triglycerides > 186 mmol/l 7.3%
Cholesterol-HDL (mmol/1) 1.17± 023
Cholesterol-HDL < 091 mmol/l 14 %
Cholesterol-LDL (mol/1) 2.26 ± 091
Cholesterol-LDL > 414 mmol/l 0 %
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TABLE 111: TEE BY DLW IN ELDERLY SUBJECTS OF THE RRAL MOUNTAIN
COMNIUNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 1AEA JUNE-fULY 2000

RESTING METABOLIC RATE AND TOTAL ENERGY ENPENDITURE

RMR RMR Total Energy Expenditure� Total Energy Expenditure by
Wt MJ/d M[J/d by DW questionnaire
(kg) est measured TEE TEE PAL TEE TEE PAL

M[J/d MJ/Kg/d TEE/RMR M[J/d M[J/Kg/d TEE/RMR

Men
Luis Romero 45 4.58 4.29 9.00 0.20 2.10 7.72 0.17 1.80
Benito Perez 65.5 5.74 6.01 9.55 0.15 1.59 8.06 0.12 1.34
Juan Mendive 62.1 5.54 6.05 14.02 0.23 2.32 10.10 0.16 1.67
D. Hernandez 52.8 5.02 5.28 13.43 0.26 2.54 9.25 0.18 1.75
Albert Cabrera 52.8 5.05 5.25 11.08 0.21 2.11 12.13 0.2 2.31
Mean 55.8 5.22 5.41 11.41 0.21 2.13 9.45 0.17 1.77

Standard 8.1 0.52 0.82 2.25 0.04 0.35 1.77 0.04 0.35
deviation

Variation Coef 14.5 10.0 15.2 19.7 19.4 16.6 18.7 21.6 19.7
N)

Women
Luisa Herndndez 61.8 5.21 5.24 7.79 0.13 1.49 6.82 0.11 1.30

Felicia 49.7 4.68 4.79 10.07 0.20 2.10 6.56 0.13 1.37
Herndndez;
Martina Gallardo 37.5 4.14 3.82 5.85 0.16 1.53 4.96 0.13 1.30
Isabel Ateaga 63.3 5.28 4.56 10.08 0.16 2.21 6.43 0.10 1.41
Aquilina Diaz 41.7 4.33 4.98 7.00 0.17 1.40 6.48 0.16 1.30
Mean 50.8 4.73 4.68 8.16 0.16 1.75 6.25 0.13 1.34
Standard

11.6 0.51 0.54 1.88 0.03 0.38 0.74 0.02 0.05
deviation

Variation Coef 22.8 10.8 11.6 23.1 16.9 21.7 11.8 16.7 3.8
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TABLE IV: PHYSICAL ACTIVITY LEVEL AND HOURS/D DEDICATED TO LIGHT,
MODERATE AND HARD PHYSICAL ACTIVITIES OF ELDERLY PEOPLE OF TE
COMMUNITY LAS TERRAZAS, PINAR DEL RIO, CUBA, MAYO 2000

Women Men Sex
(n = 22) (n = 26) P

PAL 1.43 ±0.12 1.77 ± 035 0.000

T-DA 1.64±1.3 1.67±1.65 0.59

L-0A 1.43 ±1.01 1.70±3.4 0.37

M-OA 0.65±1.58 1.07±1.54 0.43

H-OA 0.002 ± 0.0 1.89±1.7 0.00
T-OA ±1.26 4.65 ± 39

PAL =PhysicalActivityLevel, T-DA= TotalDiscretionaIActivities
L-OA = Light Occupational Activities M-OA =oderate Occupational Activities

H-OA = Hard OccupationalActivities TOA = Total OccupationalActivities
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TABLE V: TEE BY DW IN ELDERLY SUBJECTS OF TE RURAL MOUNTAIN
CONDALTNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 IAEA JUNE-JULY 2000

RMR
Name Age kcal/d kd ko Nd/No TBW Fat C02 Error

years (meas) 1/d I/d � � % % moVd) %

Men

Luis Romero 74 1026 0.0953 0.1295 1.081 57.3 21.5 18.68 6.37

Benito Perez 61 1437 0.1129 0.1330 1.01 56.2 23.0 19.78 6.02

Juan Mendive 74 1445 0.1105 0.1430 1.045 56.6 22.4 28.73 5.04

Damaso Hernandez 68 1263 0.1436 0.1675 0.994 55.9 23.5 27.54 6.03

Alberto Cabrera 71 1254 0.1337 0.1801 1.139 57.2 21.7 22.83 6.98

Mean 69.6 1293 0.1156 0.1433 1.033 56.4 22.6 23.51 6.09

Standard deviation 5.4 197 0.020 0.017 0.039 0.6 0.8 4.51 0.70

Variation Coqf (lo) 7.8 15.2 17. 12.0 3.7 1.1 3.7 19.2 11.6

Women

Luisa Hernandez 62 1253 0.1395 0.1702 1.063 40.32 40.32 16.26 8.13

Felicia Hernandez 69 1145 0.1307 0.1704 1.064 43.02 41.1 20.83 4.67

Marfina Gallardo 81 912 0.1144 0.1381 1.103 57.65 21.03 9.80 12.2

Isabel Arteaga 68 1089 0.0887 0.1196 1.036 42.55 41.72, 20.85 4.97

,4quilina Diaz 73 1191 0.1044 0.1282 0.996 59.34 18.71 19.57 5.6

Mean 71 1118 0.1155 0.1453 1.0524 47.9 32.6 17.46 7.12

Standard deviation 7 130 0.0203 0.0237 0.0396 23.5 11.6 4.67 3.16

Variation Coef (016) -9.9 11.6 17.6 16.3 3.8 49.09 35.7 26.8
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TABLE VI: TEE BY DLW IN ELDERLY SUBJECTS OF THE RRAL OUNTAIN
CONM4UNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 IAEA JUNE-JULY 2000. CONTARISON WITH RELATED
STUDIES

WOMEN

Source Cuban Havana Goran Reilly Sawaya Pannemans Gretebeck Starling Visser Black Sawaya Rural
Rural Women Poehiman 1993 1993 1995 1998 1998 1995 Et al 1991 Chile
2000 1999 1993 1 1996

n 5 11 6 10 10 10 8 37 12 10 6
ge (y) 71 66 64 73 74 68 68 64 74 74

Wt (kg) 51 54 65 60 59 65 65 94 65.4 58.7 53.6
BMI 24 21 24 1 26.3 32 25.6 24.1 22
RMR
(MJ/d) In 4.68 4.79 6.16 5.11 4.79 5.10 5.81 5.17 4.87

RDA (MJ/d) 7.81 7.24

E intake 7.36 5.63 5.99 6.69 5.58

TEE (MJ/d) 8.16 7.57 8.75 9.21 7.75 8.64 7.46 &74 8.30 7.57 7.74
TEE 0.16 0.14 0.13 0.15 0.13 0.13 0.11 0.10 0.13 0.13 0.15

d) I I I
PAL 1.75 1.58 1,43 1.8 1 62 1 1.66 1.51 1 1.61 1.62 

Dif Intake 110/0 34% 46% 12% 29%
vs. T (%) I I I
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Bayley.
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• Br J Nutr 1995; 73:5 71-8 .
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• Sawaya AL, Tucker K, Tsay R, Willet W, Saltzman E, Dallal GE, Roberts SB. Evaluation of
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TABLE VI: TEE BY DLW IN ELDERLY SUBJECTS OF TE RURAL MOUNTAIN
CONMIUNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 IAEA JUNE-JULY 2000. CONIPARISON WITH RELATED
STUDIES

(MEN)

Cuban Goran Pannemans Roberts Black Rural
Rural Poehlman 1995 1992 et al Chile
6/5100 1993 1996 2000

n 5 7 16 15 8
Age (y) 69 68 71 69 68
Wt (kg) 56 77 74 75 70
BMI 2 1 25.2 26
RMR (MJ/d) 5.41 7.18 6.69 5.98
RDA (MJ/d) 8.16
E intake MJ/d) 7.36 9.73
TEE (MJ/d) 11.41 11.19 .10.09 10.44 11.49
TEE (kcal/kg/d) 0.21 0.15 0.14 0.14 0.17
PAL 2.13 1.58 1.51 1.75 1.61 1.93
Difference -55%
Intake vs. TEE(%) -15%
(Eint-Tee)/Eint.100 (26

Excluding 2 subjects
• Goran MI, Poehlman ET. TEE and energy requirements in healthy elderly persons.
• Metabolism 1992; 41:744-53.
• Pannemans DLE et al. Energy expenditure, physical activity and basal metabolic rate

of elderly subjects. Br J Nutr 1995; 73:571-8 .
• Roberts SB et al. What are the dietary energy needs of elderly adults. Int J Obes 1992;

16:969-74.
• Rural Chile 2000. TEE study of elderly subjects from a rural community Chile.
• Preliminary results. TEE in rural elderly subjects of Cuba, Chile and Mexico 2000.
• BLACK, A.E. COWARD, W.A., COLE, T.J., PRENTICE, A., Human Energy

Expenditure in affluent societies: an analysis of 574 double-labelled water
measurements. Eur. J. Clin. Nutr. 50 1996) 72-92.
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