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CHAPTER 1
SUMMARY

The principal aim of this thesis is the clarification of some rela-
tionships between occupation, energy expenditure, patterns of physical
activity and energy and nutrient intake of groups of healthy, free-living
men and women aged between 50 and 75 years. A subsidiary aim is to
review the findings of the research in the light of current nutritional

concepts, most importantly, the concepts developed in the FAO/WHQO/UNU,

(1985) Expert Consultation on Energy and Protein Requirements.

When the research began,national and international food and policy
decisions concerning the nutritional requirements of the age group had
to be based largely on intelligent guesswork. The Food and Agriculture
Organization (FAQ) Committee on Calorie Requirements (1957) stated
that "present knowledge of the influence of aging on the quantity of
food eaten and energy expenditure is deficient and further investiga-
tions are needed".

This thesis presents the results of studies of the total energy
expenditure, physical activity and energy and nutrient intake of 13
groups of middle-aged and elderly Scottish men and women with partic-
ular reference to the effect of occupation and age on these variables.
The findings are discussed in relation to those of comparable studies
and to current nutritional concepts.

The Historical Review is divided into two parts. In Part 1 are
traced some of the threads of scientific enquiry into the role of aging
in the determination of the energy requirements of man from ancient
times until the middle of the 20th century. The section on classical
work on animal heat, respiration exchange apparatus, the development
of calorie conversion factors, the development of indirect calorimetry,
and early studies of dietary intake and energy expenditure cites authori-
tative contemporary reviews of the salient findings. The historical
context in which the research was begun is then summarised. In Part

2 an account is given of some conceptual and methodological



developments in relation to energy requirements, which have occurred
since the completion of the studies.

Six research questions linking occupation and age to energy expendi-
ture, patterns of activity and energy and nutrient intake arose from the
review of the literature.

Four specific hypotheses were formulated to test these relation-
ships, which were also addressed in six research questions. The
specific hypotheses were:

A.1) There will be systematic differences in energy expenditure
and energy and nutrient intake of groups of subjects of mean
age between 50 and 65 years between occupational groups of
the same sex.

A.2) There will be systematic differences in energy expenditure
and energy and nutrient intake of groups of subjects of the
same sex of mean age between 50 and 65 years and comparable
groups of mean age of over 65.

B.1) There will be descriptive variations in the time and activity
patterns and energy and activity patterns of groups of sub-
jects of mean age between 50 and 65 years between occupational
groups of the same sex.

B.2) There will be descriptive variations in the time and activity
patterns and energy and activity patterns between groups of
the same sex and of mean age between 50 and 65 years and

comparable groups of mean age of over 65.

The methods were chosen to provide detailed reliable information
on the food intake and energy expenditure of small groups of Scottish
men and women whose occupational and non-occupational activities were
representative of some of the normal patterns of work and leisure of
their age group in the population. The groups to be studied were
selected on the basis of age, sex, level of cnergy expenditure expected
from description of occupation and whether or not they lived alone.

Total daily energy expenditure was assessed by the factorial

method, which is also known as the activity diary and respirometer



method. Total daily energy and nutrient intake was assessed by the
weighed individual inventory method.

A full description of the methods of selection and recruitment of
the subjects, of assessment of energy expenditure and energy and
nutrient intake, together with a review of the limitations and errors of
the methods are given in Chapter 5 (Methods).

Two sets of findings for individual subjects formed the data base
which was used to examine the specific hypotheses and to address the
research questions. These were obtained from the daily activity diaries
of the majority of the subjects and the results of the analysis of the
seven-day food intake records of all the subjects.

The primary variables used in the analysis were study number,
subject number, age, height in centimetres, weight in kilograms, body
mass index, mean daily protein intake in grams, mean daily fat intake
in grams, mean daily carbohydrate intake in grams, mean daily calcium
intake in milligrams, mean daily iron intake in milligrams, mean daily
energy intake in Kkilocalories, mean daily energy expenditure in kilocalor-
ies and Basal Metabolic Rate calculated after Fleisch (1951) in kilocalor-
ies per minute.

It was found that there were significant differences for both men
and women in energy expenditure, and for men, but not for women in
energy and nutrient intake when comparisons were made between 1)
occupational groups aged 50-65; and 2) comparable groups aged 50-65
and over 65. (Hypothesis A)

It was found that there were descriptive variations in time and
activity and energy and activity patterns for men and women when
comparisons were made between 1) occupational groups aged 50-65; and
2)comparable groups aged 50-65 and over 65. (Hypothesis B)

The research questions could not be answered fully by the formula-
tion and testing of specific hypotheses. In the discussion they are
further clarified by comparing the results with the findings of method-
ologically similar studies of groups of various ages, many of which have

been published since the studies were completed.



The convention used in the FAO/WHO/UNU (1985) Expert Consultation

on Energy and Protein Requirements ("UNU") of expressing energy

requirements as multiples of BMR ("UNUYBMR) is applied to the results
6btained for total energy expenditure ("UNU" TEE), to its component
parts, namely, occupational and non-occupational activities and to
energy intake ("UNU" TEI).

Discussion of the resultant values focuses on 1) individual and
group BMRs and compares them with values obtained by the Fleisch
(1951) method; 2) comparisons of group "UNU" TEE factors with one
another and with other groups; 3) the differences between groups in
"UNU" BMR based factors for the average energy cost of physical activity
during occupational and non-occupational time and 4) comparison with
"UNU" examples of similar work categories.

Comparisons are made with current commonly accepted standards
for intake of energy and nutrients. Energy intake findings are also
discussed in relation to the concept of levels of energy requirement
based on normative judgements about desirable levels of activity and
desirable body proportions made by the Consultation. The standard
used for discussion of protein intake is the concept of a safe level of

protein endorsed in the Consultation report.

The principal conclusions are as follows.

Occupation was a good predictor of energy expenditure in the
majority of groups of men aged between 50 to 65 years and in younger
and older groups. There was a difference of approximately 30 percent
between those occupations involving hard labour and those which were
comparatively sedentary. Occupation was not a good predictor of
energy expenditure for the executive group of sedentary workers.

Occupation was : not  as good a predictor of total energy expendi-
ture for groups of women aged 50-65 years or younger as it was for
men. There was a difference of approximately 20 percent between

groups who worked only in the home and those with employment in light

industry.



Occupational energy expenditure was the principal reason for
differences in TEE between groups of men aged 50-65 years and those
aged under 50.

Very little difference in occupational expenditure was found be-
tween groups of women aged 50-65 years. The literature did not yield
sufficient data to make this comparison between younger groups of
women.

Changes in the patterns of activity of many women, in particular
those occasioned by employment outside of the home, are likely to have
maintained or increased the total energy expenditure of large groups of
women in the 50-65 age group.

The energy cost of leisure time physical activity (LTPA) was
comparatively high for all the groups of men by present day standards.

The differences in energy intake between the groups of men aged
50-65 years, reflected the differences in their expenditure better than
those of the women or groups of men over 65. Occupation was a good
index of energy intake for men but not for women.

There appears to be a middle years plateau of energy intake and
energy expenditure which extends from about 40 to beyond 65 years for
normally healthy, comparatively sedentary men. For men with more
active occupations, it is likely that retirement reduces energy expendi-
ture and intake to the level of the sedentary majority of the population.
This plateau exists for women throughout adult life because the range
of occupational energy demand is narrow. It may be perturbed slightly
on retirement.

The lower energy intake of women does not fully explain their
lower intake of calcium and iron compared to men. Women choose foods
which have a lower nutrient density of calcium and iron.

A noticeable drop in the energy intake of sedentary men and
women does not appear to take place until between 75 and 80 years.
Pr men there is a drop at an earlier age under two circumstances.
Firstly, on retirement from non-sedentary occupations and secondly,

when moderately heavy occupations are continued beyond 65 years.



For men and women over 65 years who have had sedentary
occupations retirement can produce a pattern of increased activity or
sedentary behaviour may continue.

The adoption of 60 years as the age at which a different
prediction equation for BMR is introduced has proved to be an
obstacle in expressing energy requirements of occupational groups aged
between 50 and 65 as a factor of BMR. The retirement age of 65
years is a more natural and useful dividing line. For reason of
consistency between the sexes the same conclusion is drawn for
women.

"UNU" BMR-based factors for energy cost of activity are a very
useful way of comparing groups. The energy cost expressed as "UNU"
BMR-based factors of the occupational physical activity of groups of
men aged 50-65 did not differ from the under-50 age groups, although
no under-50 age groups similar to the moderate work catergory groups
were available for comparison. The energy cost of occupational
physical activity of women in the 50-65 age group compared to under
50 groups, did not differ whether the cost was incurred by household
and childcare acitivities or in a combination of outside work and
household responsibilities. Underestimates of the energy requirements
of women and men between 50-65 years may result if it is assumed
that there is a decline in physical activity during those years.

In the 50-65 age group the normative energy requirements
- proposed for non-sedentary groups of men are 1.78 x BMR; for two
sedentary groups, 1.55 x BMR and 1.41 x BMR; for a group of
housewives and a group of bakery workers, 1.64 x BMR and for
workers in a sewing machine factory, 1.56 x BMR.

In the over 65 age group the normative energy requirements
proposed for a group of farmers is 1.78 x BMR; for a group of
retired men, 1.66 x BMR and for a group of retired women, 1.64 x
BMR.

A postscript suggests a research plan which is consistent with
insights which have been gained into the extent of the error of the
method of energy expenditure measurements and yet is a promising
simple means of pursuing questions related to the energy requirements



of middle aged and elderly men and women at the individual and

population level.
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CHAPTER 2
INTRODUCTION

The aim of this thesis is the clarification of some relationships
between occupation, energy expenditure, patterns of physical activity
and energy and nutrient intake of groups of healthy free-living men
and women aged between 50 and 75 years.

When the research was begun twenty-five years ago, it had been
known for some time that older adults were becoming an increasingly
large part of the population of many countries of the world. At that
time, research on the processes and consequences of aging beyond the
middle years was in its infancy and reliable scientific data was lacking
on the effects of aging on the individual and the impact of an aging
population on society.

In the area of nutritional requirements, national and international
food and health policy decisions had to be based largely on intelligent
guesswork. The Food and Agriculture Organization (FAO) Committee on
Calorie Requirements (1957) stated that "present knowledge of the
influence of aging on the quantity of food eaten and energy expenditure
is deficient and further investigations are needed".

A small amount of information was available on the food intake of
older men and women. With the exception of a study by Durnin, Blake
and Brockway (1957) of 12 middle-aged housewives, there was no
information on the 24-hour energy expenditure and daily patterns of
physical activity of groups of men or women aged 50 and over in differ-
ent occupations or who were retired from work.

This thesis presents the results of studies of the total energy
expenditure, physical activity and energy and nutrient intake of 12
groups of middle-aged and elderly Scottish men and women with partic-
ular reference to the effect of occupation and age on these variables.
The findings are discussed in relation to those of comparable studies

and to current nutritional concepts.



Although some of the original material presented in the thesis has
been published by J.V.G.A. Durnin, myself, and other members of the
research team, the studies have never before been reported in detail.




CHAPTER 3
HISTORICAL REVIEW

INTRODUCTION. This chapter is divided into two parts. In Part 1 are

traced some of the threads of scientific enquiry into the role of aging in

the determination of the energy requirements of man from ancient times
until the middle of the 20th century. The section on classical work on
animal heat, respiration exchange apparatus, the development of calorie
conversion factors, the development of indirect calorimetry, and early
studies of dietary intake and energy expenditure cites authoritative
contemporary reviews of the salient findings. The historical context in
which the research was begun is then summarised.

In Part 2 an account is given of some conceptual and methodological
developments in relation to energy requirements, which have occurred
since the completion of the studies. This has been a time of
unprecedented growth in published studies of the causes and
consequences of the aging process, of which the effect on energy and
nutrient requirements in the middle years and beyond is a vital part.

The continuing importance of further study of the determinants of
the energy requirements of man is illustrated by four questions asked by

individual scientists and by an international body during this century.

One principal which thus far has not received adequate recognition
in dietary standards may perhaps be expressed by saying that the
standards must vary not only with the conditions of activity and
environment, but also with the nutritive plane at which the body
is to be maintained. A man may live and work and maintain bodily
equilibrium on either a higher or lower nitrogen level or energy
level. One essential question is, what level is most advantageous?
The answer to this must be sought not simply in metabolism
experiments and dietary studies, but also in broader observations
regarding bodily and mental efficiency and general health,
strength and welfare.

- Quotation from Atwater and
Benedict (1902) cited in the report
of a Joint FAO/WHO Ad Hoc Expert
Committee on Energy and Protein
Requirements (1973).

10



How much should be eaten?. . . .many of the data for an adequate
and complete solution are at present lacking.
- Cathcart (1931)

How much food does man require? We believe that the energy
requirements of man and his balance of intake and expenditure are
not known,
- Durnin, Edholm, Miller and
Waterlow (1973)

[Energy and protein] requirements for what?. . .the aim should be
to define requirements for health. . .almost every aspect of human
health and function is potentially relevant.
- Report of a Joint FAO/WHO/UNU
Expert Consultation on energy and
protein requirements. (1985)

PART I: REVIEW OF LITERATURE BEFORE 1966

3.1 Early observations and speculations. Any inquiry dealing with a

subject as fundamental to human life as nutritional requirements is
bound to reveal that many of the concerns of the present were also
those of the past. The role of diet and the manner in which man lived.
from day to day in maintaining health, curing disease and prolonging
life have been the subject of speculation for centuries by observant and
thoughtful people. McKenzie (1680-1761) made one of the many
syntheses of these speculations in which appears the biological, social,
psychological and ecological factors which are being examined today in
the quest for a long and healthy life. In his publication "The History
of Health and the Art of Preserving It" (1759), he noted a number of
factors which predispose individuals to long life and health. Among
these were: descent from at least one long-lived parent, a calm,
contented and cheerful disposition, and good nourishment. He also
advocated good air, good water, a frugal and simple diet and "the wise
government of our appetites and passions". He summed up his advice
as "a prudent choice and proper use of all the instrumen.ts of life and
rules of health", and expressed his belief that "the practice of such
rules as the experience of ages has established would make the life of

man hold out free from the usual complaints of decrepitude longer than

it does at present."

11



The appropriate composition of the diet has often been perceived
as more efficacious than medicine, not only as an aid to long life but
also in the treatment of disease. For example, Roger Bacon (1214-1294)
and Francis Bacon (1561-1626) wrote similarly on the subject:

But the use of these things and medicine is of no use, nor
anything avails them that neglect the Doctrine of the Regiment
of Life. . . Wherefore the physicians and wise men of old time
were of opinion, that diet without physick sometimes did good
but that physick without due order of diet never made a man
one jot the better. --Roger Bacon

Curing of Disease is affected by Temporary Medicines, but
lengthening of life requireth observation of diets.
--Francis Bacon

Cheyne (1725) emphasised the need to adjust the diet to individual
needs depending on "age, sex, nature, strength, country and exercise".
Possibly the first research plan for the study of the effects of normal
aging on energy and nutrient requirements was drawn up by Francis
Bacon who anticipated many of the concerns of current research

including the aims of the research reported in this thesis.

Inquire touching the length and shortness of life in men
according to their Fare, Diet, Government of their Life,
Exercises and the Ilike. Inquire touching the signs and
prognostics of long and short life; not those which betoken
death at hand but those which are seen and may be observed
even in health. Lastly, because it is behooveful to know the
Character and Form of Old Age, which will then best be done
if you make a Collection of all the Differences, both in the
State and Functions of the Body betwixt Youth and Old Age
that by them you may observe that it is that produceth such
manifold Effects: let not this inquisition be omitted.

These quotations are taken from an excellent review of early
writings on nutrition and longevity by Beeuwkes (1952) in which she
noted that Bacon's appeal for a scientific study of aging and the aged
was ignored for three centuries.

The scientific study of the relationships between aging, nutrition,

health and longevity could not begin until the fundamental and ancient

12



questions of how food is converted to body substance and how energy is
released from nutrients and utilized by the body were addressed.

In a masterly and fascinating review of the evolution of concepts of
nutrition and nutritional disease Guggenheim (1981) has documented the
search for answers to these questions from Greco-Roman Antiquity to the
present day. He identified a meeting of Priestly (1733-1804) and
Laviosier (1745-1794) in 1774 as one of the most important events in the
history of the modern science of nutrition. Priestly told Lavoisier of his
preparation of "dephlogisticated air" (oxygen), which he believed was
much better than common air for the purposes of respiration and
combustion. Lavoisier subsequently turned his attention to the study
and quantitative measurement of combustion, respiration and the
generation of heat. In 1780 he and Laplace demonstrated for the first
time that there was a relationship between the heat produced by an
animal and the amount of carbon dioxide given out by it over the same
period of time. He also measured the oxygen consumption of men and
showed that it increased after food and exercise.

The work of Lavoisier and others was discussed by Webb (1984) in
a review of the history of energy metabolism. Areas of perennial
interest to scientists were delineated, the development of concepts was
reviewed and the machines which have been used to quantify them were
described. Webb traced the progress in understanding the release of
energy from food for Iliving and working using five categories of
investigation. These are investigations which have been made of: the
energy in the fuel; the rate of its oxidation; changes in body stores;
internal work and rates of heat loss; and external work. He cited the
respiration studies initiated by Lavoisier which were continued after his
death and the fact that by 1886 Reynault and Reiset in Munich were able
to measure with accuracy the respiratory exchanges of man in a large
respiration chamber. A chamber devised by Pettenkofer and Voit, also
in Munich, was in use at roughly the same time. Investigation of work
and heat in addition to respiration was made possible by the construction
by Rubner in 1894 of a calorimeter for dogs, and by Atwater and Rosa
in the United States of one for men which also incorporated the

respiration apparatus used by Pettenkofer and Voit. Approximately 500
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experiments were completed with amazing accuracy. One of the most
important results was the recognition that the law of conservation of
energy held for life processes.

Understanding of protein, fat and carbohydrate in food as fuel
sources arose through the work of Leibig (1803-1873), whose findings
were refined and corrected by many subsequent investigators including
Atwater. Atwater's studies of the heats of combustion of protein, fat
and carbohydrate in the bomb calorimeter, together with analysis of the
energy in urine and faeces when different types of foods were eaten, led
to the derivation of "Atwater factors" for the energy available from these
sources. Atwater and Benedict reported in 1903 that the energy of food
taken less the energy of waste was matched by the loss of heat and
external work, and that even small changes in fat stores were calculable
from careful C-N-H balance (Webb, 1984). The importance of the work of
Atwater, his colleagues and predecessors was emphasised again by
Passmore and Eastwood (1986), who wrote "By 1906 Atwater had
completed his work, and a chapter had been written in the textbooks of
physiology which has needed no subsequent revision" (Davidson and

Passmore, Human Nutrition and Dietetics, 1986).

New methods of studying changes in body stores of energy did not
emerge until forty years after Atwater's work, but are now the subject
of considerable research. The concept of internal work is at the
frontier of investigation at the cellular level today. Over 40 years ago,
in a letter to Nutrition Reviews in 1943, DuBois addressed "the neglected
field of heat loss", which, at that time, had been crowded out by the

growing interest in vitamins and minerals. He noted that the literature

in nutrition paid little attention to the question of internal temperature
and recommended that the study of nutrition should continue to include
not only the study of heat production and elimination but also
intermediary metabolism, tissue metabolism and "a great deal of

biochemistry".

3.2 Energy expenditure and physical activity; development of methods

of measurement for use in the field. 'Indirect calorimetry' has become the

conventional term for the measurement of oxygen or of respiratory gas
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exchange, although some workers would prefer the term "calorimetry" to
be reserved for the measurement of heat (Webb, 1984). Its use in
measuring energy expenditure is based on the quantitative relationship
between oxygen consumption and energy expenditure established by
experiments in the Atwater-Rosa calorimeter. The term ‘'direct
calorimetry' has been reserved for the measurement of heat, which
remains much more complex technically than the measurement of oxygen
consumption.

A good succinct account of the development of experimental methods
for determining the energy expenditure of man from the end of the 18th
century until the mid-20th century was given by Douglas (1956). Of
particular relevance to the method of indirect calorimetry used in our
studies was his description of a portable open-circuit apparatus designed
by Edward Smith (1819-1874) in the mid 19th century, which he used to
measure CO2 production at rest and when walking. A more sophisticated
portable dry gas meter which collected a sample of expired air for
analysis and measured the volume of gas expired was developed and used
by Zuntz, Loewy, Muller and Caspari (1906) in an extensive series of
observations during rest and exercise. Douglas noted that "although
this method fell into the background in subsequent years, it was
resuscitated with trifling modification by Kofranyi and Michaelis (1940)."
It was further improved by Muller and Franz (1952) and became the
method of choice in the field for indirect calorimetry. Some reports of
the rigorous tests which were made of this method of indirect calorimetry
analysed possible sources of error and established methods of calibration
of the respirometers and reliable gas analysis were those of Durnin and
Brockway (1959), Durnin and Namyslowski (1958), Durnin and Edwards
(1955), and Durnin and Mikulicic, (1956). The bag method developed by
Douglas (1911), which also measures carbon dioxide, remained the
simplest and most accurate for use in the laboratory. In its original
form it was too cumbersome to use in the field, but with modifications its
use in the field has been revived.

Smith, who designed the forerunner of the Kofranyi-Michaelis
respirometer (K-M), planned the first systematic inquiry into metabolic

and respiratory response of the human to muscular exercise. He
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estimated carbon dioxide output, heart rate, and respiratory volume at
various levels of physical exercise in prisoners sentenced to hard labour
(Guggenheim, 1981).

At the beginning of the 20th century, studies of rates of energy
expenditure were made on many subjects during sleep and while
performing many different types of activity. Interest in collecting such
data appeared to decline from about 1910 until 1940. Renewed interest
in energy expenditure measurements was shown during World War II by
physiologists in Germany (Lehmann, Muller, and Spitzer, 1950) and
facilitated by the introduction of the K-M respirometer. After the war,
increasing mechanization of industry and consequent decline in energy
expended at work, shorter working hours, and increased leisure time
stimulated a reassessment of energy expenditure at work and in
non-working time. Non-occupational activities had not been considered to
contribute greatly to daily energy needs until these and other significant
changes in the lifestyle of many people had occurred. Ownership of a
car, higher wages, and the introduction of television altered ways in
which energy was spent in leisure time just as mechanisation of heavy
tasks and better working conditions changed expenditure at work. The
distribution of time and energy in the seven to ten hours spent out of
work but not asleep in bed was unknown. Thus, daily activity diaries
began to assume importance.

Edholm, Fletcher, Widdowson, and McCance (1955) gave credit to
Bedale (1922-23) for the first detailed study of energy expenditure made
in addition to dietary intake. She measured the oxygen consumption of
100 school children during 25 different activities and the time they spent
on the activities. This was, perhaps, the first recognition of the
importance of patterns of activity. Orr and Leitch (1938) in their
paper on the determination of calorie requirements laid down the form
which much subsequent work on energy expenditure and estimated

energy requirements of individuals would take:

It does not seem unreasonable to suppose that, given estimates
of energy expenditure by efficient performers doing different
types of work on a time basis, with a time schedule of a day's
activities, it will be possible to assess the total energy

16



expenditure for a day with such accuracy to be of some
practical value.

They also stated that "the main parts of an energy balance sheet
may be approximately assessed as 8 hours sleep, 8 hours work and 8
hours of the ordinary ‘'comings and goings' of life." On this basis, they
drew wup daily energy budgets for different hypothetical persons
performing different tasks. These were shown to be in agreement with
many previously done food intake studies on men and with the results
from two studies of individual women in the United Kingdom and in the
United States between 1933 and 1936.

This method of calculating total energy expenditure was further
developed in an appendix to the 1957 FAO Report on calorie requirements
(FAO: Committee on Calorie Requirements, 1957), and energy allowances
were calculated for a reference man and woman.

Following the 1939-45 war, the type of studies previously suggested
by Orr and Leitch were done in Britain. The results of four surveys in
which the K-M respirometer was used were published between 1952 and
1955 (Passmore, Thomson, and Warnock, 1952; Garry, Passmore,
Warnock, and Durnin, 1955; Widdowson, Edholm, and McCance, 1954;
Edholm, Fletcher, Widdowson, and McCance, 1955). These measured the
total daily energy expenditure and food intake for a week of students,
coal face miners and colliery clerks, and military cadets.

A combination of indirect calorimetry and a complete record of daily
activities, which became known as the factorial method, was used to
estimate 24-hour energy expenditure. This method eliminated the
practice of deducting estimated basal metabolic rate (BMR) and specific
dynamic activity from all estimates of energy cost. The BMR was used
as an estimate of energy expended at rest and asleep only. Records of
time spent on activities were obtained under the categories of
occupational, non-occupational and recreational time, and bed.

Bransby (1954) made a study of the food intake and energy
expenditure of 152 male industrial workers (52 of whom were over 40
years of age). No measurements of individual energy expenditure were

made in this study, but a full record was kept of work and leisure
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activities. Energy expended was estimated by using these records in
conjunction with published measurements of the energy cost of activities
made by indirect calorimetry using the K-M respirometer by Passmore, et
al., (1952); and Garry, et al., (1955).

Studies using these methods were also made of the energy intake
and expenditure of soldiers, especially of the U.S., British, Canadian,
and Australian armies (Durnin, et al., 1957).

Passmore and Durnin in 1955 responded to the renewed interest in
measuring energy expenditure by assembling many earlier measurements
and publishing them in tables of estimated energy expenditure for a wide
variety of activities for men and women. This was a major
methodological advance comparable to the introduction of tables of food
composition and a stimulus to research on energy expenditure. The
authors gave precise instructions on the wuse of their tables and
estimated the theoretical error involved as less than or equal to 10
percent. They hoped that the techniques of indirect calorimetry, which
they described "together with a knowledgeable use of the tables in this
review should make it practicable to carry out field surveys of energy
expenditure on a much more extensive scale than has been possible up to
the present”. In their review they endorsed a definition of work
divided into five levels of intensity which had been suggested for men
by Christensen (1953), (Table 5.2). They published for the first time a
similar definition for women (Table 5.3), and recommended that the BMR
could be taken as a measure of metabolic rate when in bed asleep or
awake. Durnin and Passmore (1967) expanded their original publication

and included findings from the thesis study groups.

3.3 Energy expenditure, energy requirements, and aging. Much of the

early work reported on energy expenditure after 50 years of age had
been done on Basal Metabolic Rate and the factors affecting it. In 1899
Magnus-Levy and Falk cited by Matson and Hitchcock (1934), clearly
indicated that advancing age was accompanied by a decrease in basal
metabolism. By 1917 Aub and Dubois were able to publish a table for
predicting the basal metabolism of normal men and women up to age 80.

A decline of 2.5 percent was predicted for each decade from 30 years to
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80 years. However, few studies had been made of men in the older
groups and none of women. This was rectified in part by Benedict
(1934), Benedict and Meyer (1932), and Matson and Hitchcock (1934).
Although most of their subjects were over 75 years of age the studies
confirmed that metabolic rate decreases slightly throughout adult life.
The rate of decrease and the individual variation was and is uncertain.
In 1952 Sherman estimated that studies had been made of the BMR of
about 100 men and 75 women aged 60 years and over, but advised that
more studies were needed at all ages between 60 and 100 years before
satisfactory standards could be set up for this age range.

The lack of factual information on the effect of aging on total
energy requirements was noted by Durnin in 1956. At that time, the
Food and Agriculture Organization of the United Nations (FAO:
Committee on Calorie Requirements, 1950) recommended a decrement of
7.5 percent of the requirement at age 25 for each 10 years beyond this
age, while the figures suggested in the United States and in Britain
were 5 percent and 3 percent respectively (Durnin, 1956). In this
paper, Durnin anticipated much future research when he speculated that
if the energy expended in a specific exercise were related simply to the
weight of active tissue and expressed as "Cal/kg" of active tissue, the
effect of age might be minimal. He also speculated that the increasing
mechanisation of many occupations would lead eventually to reduced and
more uniform energy expenditure during working time. Thus, if older
workers had in the past moved from "heavy" occupations to lighter ones
as they grew older, this would no longer be necessary and there would
be little, if any, decrease in occupational energy expenditure.

The energy required for activities during non-occupational time was
also unknown, but in the same paper Durnin proposed that differences
in energy expenditure in leisure activities might be the greatest source
of difference in total energy expenditure between groups of younger and
older adults. He concluded that because the great majority of people
lead very sedentary lives, the differences in energy expenditure even
during non-occupational time from age 30 up to 50 or 60 might be very

little, but that much more information was required on "how elderly
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people spend their daily lives and how energetic a life they may be
capable of leading".

These questions and associated questions relating to possible
changes in the food intake of older people prompted Durnin and his
colleagues to begin the series of investigations reported in this thesis.
The results of their first study of the energy expenditure and food
intake of a group of older women was published in 1957. This study of
twelve middle-aged housewives (aged 45-61) and their daughters (aged
16-27) who were shop assistants was designed to provide much needed
data on the energy requirements of a younger and older group of women

with similar occupations (Durnin, Blake and Brockway, 1957).

3.4 Studies of energy intake: dietary surveys. Dietary studies by

Smith in 1862 of the effect of the cotton famine on levels of food intake
in England were said by Guggenheim (1981) to be the first dietary
surveys in public health nutrition. At about the same time, in 1881, a
dietary survey was carried out by Voit and his colleagues in Munich
when they recorded the food consumed by labourers and artisans in
Germany. Atwater, who had been a pupil of Voit, began his
measurements of the dietary intake of various groups of people in the
Eastern United States about 1902. He devised one of the first "man
value" scales for quantifying the energy intake of families. This was
calculated by using a co-efficient of one (1.0) for a man. The energy
intakes of other members of the family were calculated as a proportion of
that of a man--for example, 0.83 for a woman and 0.20 for a child under
one year. The many versions of these scales which were developed
caused increasing confusion about the actual energy intake of individual
men, women and children for almost thirty years (Cathcart and Murray,
1931).

In spite of a shift in interest from the quantity to the quality of
the diet, which took place about 1906 with the discovery of "accessory
food factors", later known as vitamins, there was a slow but steady
growth in knowledge of total food intake through family studies,
Widdowson (1936) listed nineteen studies from that of Paton, Dunlop and
Inglis (1900), who estimated the dietary intake of the labouring classes
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in Edinburgh, to that of Boyd Orr (1936), who made a national study of
food, health and income.

Continuing interest in the quantitative aspect of nutrition in this
period was demonstrated by Cathcart (1931):

It is the quantitative aspect which 1is of fundamental

importance. Under the ordinary conditions of living for the

majority of mankind in a country such as ours, it is highly

improbable that taking the food as whole, it is so deficient

qualitatively as to be hopelessly inadequate.
He was not convinced then that the question "How much should be
eaten?" had been adequately answered. His concern with methods and
the application of the findings of dietary surveys have not been
discredited with time. He advised caution in the use of food intake
data alone to judge degree of undernutrition and in the application of
data from one country to another and he constantly emphasised the
degree of accuracy which could be expected from his methods. In his
opinion, the only reliable method of obtaining accurate dietary data was
on small numbers of households and by "controlled visitations by a
skilled investigator", a point of view which is held by responsible
nutritionists today, but is often disregarded.
‘ Orr and Leitch (1938) also emphasised the fundamental fact that
"however important the requirements for specific nutrients may be, the
energy requirement is primary and under ordinary conditions will be
satisfied before and even at the expense of the other."

In a survey which Acheson (1986) characterised as one of the first
applications of epidemiological methods to the study of nutrition in
human populations Boyd Orr (1936) found that due to poverty, 50
percent of the population of the United Kingdom had food intakes which
supplied less than the required standard of one or more nutrients. He
concluded that the average diet of 10 percent of the population of the
United Kingdom was inadequate, in all constituents, to maintain health .
Social Security measures were designed to ensure that such a situation

would not arise again.
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One of the major methodological obstacles to dietary survey work
was the lack of adequate and accurate tables of food composition. In
Britain a first step in their compilation was taken in 1925 when Dr. R.
A. McCance began to study the carbohydrate content of food used in
the treatment of diabetes. Between 1925 and 1939, the results of
analytical work on many foods were published and in 1939 the first
edition of "The Composition of Foods" by McCance and Widdowson
appeared (Medical Research Council Special Report Series, No. 297,
HMSO, London). Subsequent expanded editions have been published in
1946, 1960 and 1974.

A standard method of recording the food intake of individuals was
introduced by Widdowson (1936) and McCance and Widdowson (1936).
In their "individual" method all items of food and drink were weighed,
measured and recorded over a period of seven days. This became
known as the weighed dietary inventory method. In 1939 Bigwood
noted that it had come to be known as a kind of "gold standard"
against which other methods should be compared. This view of the
method is quoted today and should not be accepted uncritically. A
variety of other methods of collecting dietary data were developed and
tested during the 1940's and 1950's. All components of the "individual"
method were varied: the number of days of study were reduced;
household measures were used in place of weighing; retrospective
records of food intake were made during periods of 24 hours to 7 days;
self-administered records or questionnaires were substituted for regular
contacts with a dietitian or other trained interviewer. The search for a
faster, easier, less expensive yet accurate way of collecting dietary
data is still in progress. In the United States the research dietary
history (Burke, 1947) using household measures took firm root and the
924-hour recall method was widely used when information on groups was
required (Young, Hagan, Tucker and Foster, 1952). Many workers
have investigated the reliability and validity of each method. Becker,

Indik and Beeuwkes published a comprehensive review of methodology in

1960.
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3.4.1 Studies of individual energy and nutrient intake of older men

and women up to 1957. The small group of selected studies which are

briefly described in this and the next sub-section are compared to the
thesis studies in the Discussion Section, Chapter 7. The findings for
groups of women are listed in Tables 7.24 and 7.30 and for groups of
men in Tables 7.19 and 7.28. The studies were selected because the
methods of data collection were comparable to those of the thesis
studies.

The lack of information on the food consumption of individuals of
specific age, sex and occupational groups was recognised by Widdowson
(1936) and Widdowson and McCance (1936), who published results of
their studies of the food intake of 63 men and 63 women living in their
own homes. Eleven of the women were aged between 50 and 62 years
and ten of the men were aged between 51 and 89 years. The food of
each individual was weighed and recorded for seven days. These
authors were concerned by the lack of information on "what departures
from the mean are compatible with average normal health". The
principal findings of their studies are familiar to all who have since
made similar investigations. A very wide variation in individual
energy intake at all ages was found. Although there was a "definite
but mathematically insignificant" decrease in energy intake with
increasing age, the authors concluded that ‘the individual variation at
each age was so great that no rules for the guidance of individuals as
to their dietary requirements at different ages could possibly be
formulated”

They found no significant correlation between energy intake and
body weight. Their subjects derived a greater proportion of energy
from fat (39 percent for men and 43 percent for women) than any
previous study in Britain had shown. Also, a few subjects had very
low energy intakes although they appeared to lead normally active lives,
a finding which is of perennial interest. These studies were also
noteworthy because little previous work had been done on the food

intake of individual women (i.e., women who were not simultaneously

taking part in a family record).
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During the Second World War (1939-1945), studies of individual
food intake in Britain temporarily ceased but information on the food
intake at the family level continued to be regarded as of great
importance. Its collection was recognized as a responsibility of
government when the National Food Survey of Great Britain (NFS) was
established in 1940, at the beginning of World War II, as a guide to
wartime food policy.

Between 1942 and 1948 some very significant work on the food
intake of older women was done in the United States. Very detailed
weighed studies on small groups of women aged 48 to 77 were carried
out in Iowa, Michigan and Missouri as part of a large-scale nutritional
study (Ohlson, Roberts, Joseph and Nelson, 1948; Ohlson, Jackson,
Boek, Cederquist, Brewer and Brown, 1950).

These studies reflected an interest in the study of the effects of
aging, including the nutritional aspects, which had been growing
during the decades of the 1920's and 1930's. During these years, there
had been a noticeable increase in the proportion of the population aged
50 years and over in Europe and the United States. The age
distribution of the population of Great Britain and Northern Ireland
from 1871 to 1961 is given in Table 3.1.

Immediately after the war the committees on calorie requirements of
the newly formed Food and Agricultural Organization of the United
Nations and the World Health Organization (1950, 1957) found that there
was too little information on the energy requirements of older people
upon which to base dietary recommendations for the age group. This
gave further impetus to the study of the nutrition requirements of
middle aged, elderly and old men and women.

In one of the first nutrition studies of elderly people after the
war, Pyke, Harrison, Holmes and Chamberlain (1947), studied 40 women
and 24 men in London. Bransby and Osborne (1953) investigated 303
single and married men and women living at home in Sheffield. These
were seven-day weighed studies of food intake and the subjects were all
sixty years or over.

In 1948-49, San Mateo County, California was the site of "probably

the largest cross-section study of the nutritional status of aging people
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made to that date" (Chope and Dray, 1951). A total of 577 men and
women were studied and seven-day food records in household measures
were obtained from them (Gillum and Morgan, 1955). It was shown that
although the intake of energy and nutrients fell with increasing age,
the decrease was insignificant when the results were expressed per
kilogram of body weight. The least change in the energy intake of the
survivors after a 1l4-year follow-up was that of the group who were
between 75-79 years in 1955 (2160 kcal/d) and 89-93 in 1965 (1990
kcal/d) (Steincamp, Cohen and Walsh, 1965).

Jordan (1954) reported on the dietary habits of 76 women and 24
men aged 65 or older and living alone in New York. Lyons and Trulson
(1955) reported the results of dietary histories taken from 69 women
and 31 men over 65 years of age in Boston, but not necessarily living
alone. Baines and Hollingsworth (1955) examined the National Food
Survey records for elderly women living alone. They obtained data for
722 women aged 55 to over 80 and found much greater energy intakes
than those reported by any other study. Their results prompted
further investigation of that population group by Durnin, Blake,
Brockway and Drury (1961), some findings from which are incorporated
in this thesis.

The findings of Widdowson and McCance (1936) that there was
great individual variation in intake of energy and that some subjects
had an unexpectedly low energy intake were repeated in each study
which has been reviewed. In addition there was evidence that in
healthy, active elderly people, there was very little decrease in food
intake until they were at least 70 (Bransby and Osborne, 1953; Gillum
and Morgan, 1955). Cross-sectional studies which included the sick
and the poor showed a much more pronounced decrease in energy intake
beginning at an earlier age than those in which the subjects were
healthy and affluent (Batchelder, 1957).

Ohlson, Roberts, Joseph and Nelson (1948) and Ohlson, et al.,
(1950) speculated that the role of nutrition in the health of the adult
"may be in the delay of those cellular changes which are found in old
age". They also noted that there was evidence that elderly people who
had few complaints of ill-health and were within 10 percent of their
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ideal weight had a higher food intake than those who were overweight
and suffered from vague ill health. These workers credited "purposeful
activity”" with stimulating energy intakes to a level above 1600 kcal/day,
which they designated as the minimum energy intake at which there was
a satisfactory amount and distribution of specific vitamins. This intake
is still used as a useful guideline today. They re-emphasised the
primacy of total energy intake as the determining factor in the ingestion
of other nutrients. |

In the United States increasing mention was made of overweight in
the elderly. Lyons and Trulson (1955) found 48 percent of men and 56
percent of women aged 65 or over were 10 percent or more above their

desirable weight.

3.4.2 Studies of individual energy and nutrient intake of older men

and women concurrent with thesis studies. Three studies of the food

intake of middle-aged and older men and women which were conducted
at about the same time as the thesis studies were those of Exton-Smith
Stanton, Newman and Ramsey (1965), of Morris, Marr, Heady, Mills and
Pilkington (1963) in England, and of Fry, Fox and Linkwiler (1963) in
the United States.

Ninety-nine male bank clerks aged 40-55 years were studied by
Morris and his colleagues as part of an investigation of the aetiology of
ischaemic heart disease. The group of 60 women which was studied by
Exton-Smith and Stanton to determine whether there was a relationship
between their energy and nutrient intake and their health was very
much older. All but three were aged between 70 and 80 years and
lived alone.

Active healthy women of 65 years of age and over were selected
for study by Fry, Fox, Linkswiler (1963). Of the group of 32, 14
were aged between 64 and 74 years and the findings were compared to
Recommended Dietary Allowances for the population of the United

States.

3.5 Low intakes of energy and metabolic adaptation. This topic has

been of continuing interest throughout the history of energy
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expenditure and energy intake measurements. It was noted in section
3.4.1 that there is evidence from a number of studies that some people
are able to remain healthy and active on what appears to be an
inadequate intake of energy.

During World War I, Benedict, Miles, Roth and Smith (1919) found
that restriction of the energy intake of a group of young men to about
two-thirds of their normal intake and maintenance of this diet for a
prolonged period had few adverse effects on their health and work
performance. After a weight loss of one-eighth of pre-experimental
weight, the subjects required about two-thirds of pre-experimental
intake to maintain the new weight. This was accounted for by a
lowering of the basal metabolic rate during fairly long periods of food
restriction. Sherman (1952), who described this study, noted that
ample time for adjustment to the lower intake (3-10 weeks) had been
given. Taylor and Keys (1950) described the degree of restriction of
energy by Benedict's subjects as "mild". In their own study, the
Minnesota Experiment on Semistarvation, the 32 male subjects, whose
initial weight maintenance diet was 3,492 kcal/day, were provided with a
diet of an average energy value of about 1,570 kcal/day for six months.
The proportions of protein and fat were 14 percent and 15 percent
respectively. The observed reduction in basal metabolism was attributed
in part (65 percent) to shrinkage of the metabolising mass of tissue and
in part (35 percent) to decrease in the intensity of metabolism. This
adaptation and the finding that the heart also lost muscle mass are still
of considerable interest today. The men in this experiment lost 24
percent of their body weight before weight maintenance was achieved,
but unlike the young men in the 1919 experiment whose energy intake
was approximately 2000 kcal/day, they did not remain in good health,
and although they continued with an activity regime which had
previously cost them about 3,500 kcal/day, their voluntary physical
activity was reduced.

Hegsted (1952) described the changes which occur when intake of
nutrients is decreased thus:

Under the stimulus of loss, the efficiency of the body
increases and eventually, balance is restored at the lower level
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of intake. Conversely, when intake is increased the body
utilises nutrients less efficiently.

3.6 Standards and recommendations for dietary requirements,

Innumerable recommendations have been made concerning man's needs
for energy and nutrients. Some have been based on observation of the
amount of food consumed, some on measurements of energy expenditure
by direct and indirect calorimetry and some on energy and nutrient
balance studies. The standards reviewed in this section are limited as
far as possible to those which were in use before and during the
1960's.

3.6.1 Energy requirements. The differences in energy requirements

among occupations have been of great interest to physiologists. Voit
Atwater, and Rubner assessed the daily energy requirements of a man
doing moderate work at 3055, 3400 and 3093 kilocalories respectively
(Sherman, 1952) and a figure of about 3000 kilocalories per day had
become the standard recommendation for this level of work by 1950
(British Medical Association, 1950; National Research Council, 1953).

The requirements of women doing moderate work, as housework
was classified,were, in the absence of individual studies, estimated as
80-90 percent of those of men, namely approximately 2500 kilocalories.
Widdowson and McCance (1936) noted that, on the basis of kilocalories
per kilogram of body weight, the requirements of women would then be
almost exactly the same as those of men (43 kcal/kg). When they
studied individual women, they found that even with few household
aids, their mean intake was nearer to 2100 kilocalories per day.

Orr and Leitch (1938) recommended 2100 kcal/day for a housewife,
2000 kcal/day for a typist, and 2700 and 3200 kcal/day for a male clerk
and a painter respectively. They considered these to be reasonable
estimates and remarked that although it would be possible to live and
work at much lower intakes, it might be at the expense of health and
efficiency.

The Committee on Calorie Requirements of the Food and

Agriculture Organization (FAO) 10657, recommendation for a reference
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woman aged 25 weighing 55 kg and engaged in ordinary housework was
2300 kcal/day and for a reference man aged 25 years weighing 65 kg,
3000 kcal/day.

An allowance for decrement in energy requirement with age was
made in two reports of the Committee on Calorie Requirements of the
Food and Agriculture Organization of the United Nations (1950 and
1957), but the committees had great difficulty in formulating their
recommendations especially for women. There had been few good
studies of the dietary intake of older individuals and practically none of
24-hour energy expenditure.

A review of the history of different standards of dietary
requirements was made in a report of Joint Expert Committee on Energy
and Protein Requirements (FAO/WHO 1973). It was pointed out that
scales based solely on observations of actual food consumption may be
in error because "what is" will not be "what should be". In spite of
this, these observations have, in general, formed the main basis of
energy scales because it has been assumed that the quantity of food
eaten by Thealthy people living a normal life represents their
requirements. This was the position taken when the thesis studies
were undertaken to determine the energy requirements of some groups

of elderly people in Scotland.

3.6.2 Protein requirements have been assessed at such diverse levels

as 145 g/day by Voit in 1881, and 40 g/day by Chittenden in 1905.
(Davidson and Passmore, 1986). Sherman (1933), The League of Nations
Committee (1935), and the Food and Nutrition Board, NRC (1953)
proposed 1 gram of protein per kilogram of body weight and this is still
a useful and well-known standard. The Report of the FAO/WHO
Committee on Energy and Protein Requirements (1973) traced the
progress of estimates of protein needs, citing the extreme differences,
such @5 those between Chittenden and Voit and the enormous amount of
research on differences in protein quality for nutritional purposes
beginning with the work of Thomas in 1909 to that of Rose on essential
amino acids in the 1930's. In 1957 the concept of a reference protein of

high nutritive value was arrived at by the FAO Committee on Protein
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Requirements. In 1965 an estimate was made of the protein
requirements of adults at 1.01 g/kg body weight. This was derived
from complex calculations based on the three factors of obligatory N
losses or N balances, protein quality based on biological values or
chemical scores and a safety factor to allow for individual wvariations.
This estimate differed little from that recommended by the League of
Nations in 1935 which was 1g/kg body weight.

A relationship between the adequacy of energy intake and protein
intake was noted by Cathcart in 1931 and by Munro in 1951. Cathcart
acknowledged that in the earlier part of the century all the stress had
been laid on the "calorie sufficiency of the diet". He endorsed the
concept "Take care of the calories and the protein will take care of
itself.” Munro found that energy intake affects protein utilization and
metabolism with the result that reduction in energy intake in adults
results in a loss of body protein and in impaired utilization of proteins
added to the diet. He advised that since part of the dietary protein is
used to provide energy, the adequacy of energy intakes must be taken

into account in determining protein requirements.

3.6.3 Composition of the diet. The contribution of protein, fat, and

carbohydrate to the energy value of diets has fluctuated in the past as
recommendations for protein intake increased or decreased. Today the
recommended composition of the diet tends to vary with recommendations
for fat intake. Voit in 1881 recommended a diet consisting of 15%
protein, 65% carbohydrate and 20% fat as the correct proportions in a
diet supplying 3055 kilocalories to a man working at manual labour for
8-10 hours a day. Playfair in Edinburgh proposed in 1865 that protein
should contribute 15-20 percent and fat 13-18 percent to the energy
value of the diet. These values were based on consumption data of
different groups of workers (Guggenheim, 1981). The diets commonly
consumed in Europe and the United States in more recent years and up
to about 1970 have conformed to a pattern of approximately 12-15 per-
cent protein, 40-45 percent fat, and 45-48 percent carbohydrate.

The 1950 report of the Committee on Nutrition of the British Medical

Association (BMA) recommended that over 11 percent of total energy
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value should be from protein and not less than 25 percent from fat
rising to 35 percent with increasing energy expenditure. The import-
ance of dietary fibre was underestimated until approximately 1969
(Eastwood and Passmore, 1983). There were no quantified recommenda-

tions on intake.

3.6.4 Calcium requirements. Reports of dietary studies in the U.K.

and the U.S. throughout the 1940's and 1950's usually reported calcium
intakes as being satisfactory in men and unsatisfactory in women.
These conclusions were based firstly on comparisons with the level of

intake recommended by Sherman in his textbook, Chemistry of Food and

Nutrition (8th edition, 1952) and then on recommended allowances
proposed by the British Medical Association (1950) and the National
Research Council (1948) of 800 mg/day and 1000 mg/day respectively.
A revision of the U.S. standards was made in 1953 to 700 mg/day. The
requirement for calcium is open to debate. There is evidence that in
many countries the intake is extremely low and yet no evidence of
clinical deficiency exists. The presence in the gut of compounds which
have been shown to impair calcium absorption, including phytate, fibre,
cellulose and oxalate make the estimate of requirements uncertain. At
the time of the thesis studies, these factors were the subject of contro-
versy as they are today (McCance and Widdowson, 1942, Allen, 1982).
The suggestion that calcium intake might be related to the development
of osteoporosis was made by Nordin in 1960 and is still being debated
(Nordin, 1985).

3.6.5 Iron requirements. The intake of iron reported in the early

individual dietary studies has usually been said to be inadequate for
women. Widdowson and McCance (1936) reported that the amount of
iron in the food of their female subjects was probably inadequate for
their physiological requirements. In 1950 the British and the American
recommended allowance for non-pregnant, non- lactating adult women
was 12 mg/day, the same as for adult men. Much of the work on iron
absorption was yet to be done, but the British allowances remain the

same to this day, even for post-menopausal women. They are based on
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the needs for replacement of tissue loss and an estimate of absorption

as 10 percent of intake.

3.6.6 The use of dietary standards. Pett, in 1951, refriewed the

evolution of dietary standards and concluded that the use intended for
the standard had always influenced the choice of figures. He cited
Smith in 1862 as the first scientist to advise certain levels of intake of
carbon and nitrogen (equivalent to about 2800 kcal/day and 81 g/day of
protein for men and about 2650 kcal/day and 77 g/day of protein for
women) "to avert starvation diseases" among unemployed cotton
workers. Four major purposes for dietary standards were defined by
Pett: for use in calculating the nutrient requirements of a population;
for use in establishing regulations under the food and drug act
governing the contents of foods, dietary supplements or drugs and of
allowable claims for them; for use in evaluating the dietary status of a
group of people from the total and average quantities of foods eaten, or
in providing foods for such a group; and for use in evaluating the
dietary status of an individual from the foods eaten or from the foods
purchased. He concluded that no one set of figures could be used
properly for all these purposes. Recent work aimed at devising at least
two levels of dietary standards is discussed by Passmore and Eastwood

in Human Nutrition and Dietetics, 8th Edition, 1986.

3.7 Summary of the historical context of the studies reported in this

thesis. In the late 1950's it was becoming increasingly clear that the
number of people surviving into and beyond the 6th, 7th, and 8th
decades of life had increased substantially since the beginning of the
century, but very little was known of the processes and consequences
of aging, particularly beyond the middle years.

One area of concern, nationally and internationally, was the lack
of good information on the energy requirements of this growing segment
of the population and of the possible differences in the patterns of
activity of older compared to younger people, which might result in

differences in their energy expenditure and energy intake.
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A small amount of information was available on the food intake of
older men and women, but there was none on the 24-hour energy
expenditure and the daily patterns of activity of groups of men or
women aged 50 and over in different occupations.

This information had been obtained in a study by Garry, et al.,
(1955) of miners and clerks aged between 20-46 years in Fife, Scotland.
A number of questions were addressed about the relationships between
energy expenditure in occupational and non-occupational time and
between energy intake and expenditure. It was shown that there was a
difference between the total daily energy expenditure of men who
performed hard physical labour during their working hours and those
whose work was mainly sedentary, that this difference was almost
wholly due to the energy demands of occupational activities and that
there was no difference between the expenditure of energy of the
groups during non-occupational time. Also, the difference between
energy intake from food of the two groups reflected the difference in
their energy expenditure, the energy intake of each group reflected the
energy expenditure of the group and the proportions of protein, fat
and carbohydrate in the diet of each occupational group were very
similar.

It was not known whether there would be similar findings if men
and women in the age group 50 to 65 years were studied. Nor whether
the speculation made by Durnin in 1956 that there might be very little
change in total energy expenditure during adult life up to about 65
years would be substantiated.

Although there existed more information on the food intake than on
the energy expenditure of older men and women, the nutrition of those
individuals aged 60 and over who lived alone was of some concern.
They were considered to be at higher risk of suffering from energy and
nutrient deficiencies because of their socio-economic circumstances than
people of the same age who lived with other family members.

Finally, methods were available for measuring food intake and
energy expenditure which had been tested and refined in the laboratory

and in the field and had been employed immediately prior to the thesis
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studies by Durnin, et al., (1957) in a survey of a group of
middle-aged housewives and their adult daughters.

The studies which are reported in this thesis were undertaken
from 1959 to 1965. They were among the first to investigate the total
energy requirements of older men and women and they remain among
the very few in which measurements have been made of the energy
expenditure of healthy older people engaged in their usual occupations

and living in their own homes.
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PART 2. Review of Literature from 1966 to 1988.
3.8 Development and present status of concepts and methods

3.8.1 Introduction. The period since 1966 has been marked by many
developments in the concepts and methods associated with the study of
energy requirements and how they are affected by the aging process.
Increased cooperation between epidemiologists and nutritionists to
evaluate the contribution of diet to degenerative disease has necessitated
critical examination of methods to assess their validity, accuracy and
reliability as instruments for epidemiological research.

Two cooperative efforts relevant to the material of the thesis were
the reports from the European Community on "The diet factor in
epidemiological research" (1982) and "Surveillance of the dietary habits
of the population with regard to cardiovascular disease" (1983). A third
important report addressed "Human energy metabolism: physical activity
and energy expenditure measurements in epidemiological research based
upon direct and indirect calorimetry" (1984).

These three reports are authoritative reviews of methods used to
obtain the type of data reported here. In addition to standardization of
measurements of dietary intake, energy expenditure and indices of body
size and composition, they emphasized that agreement is also necessary
on study design, on definition of terms and on units used to express
measurements and calculations. The recommendations of these reports
are important because comparison and aggregation of the results of many
studies are often hindered by the variety in purpose, study population
and methods used. Durnin and Ferro-Luzzi (1982) suggested some basic
standards for conducting and reporting studies on human energy intake

and output.

3.8.2 Energy expenditure and physical activity; concepts and methods of

measurement.

3.8.2.1 Energy expenditure. Durnin in 1978 made a critique of the

practical problems involved in measuring energy expenditure by indirect

calorimetry. He reviewed the variety of techniques which had been
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developed since the mid-1960's when the K-M respirometer had been the
only portable device available. He did not consider that two techniques
which appeared to be promising, the Integrated Motor Pneumotograph
(IMP) or the assessment of energy expenditure from heart rate were
sufficiently reliable. He assessed the instrumental error at anywhere
from 2 percent to 20 percent depending on the circumstances of use.
Although he concluded that, in the right hands, acceptable accuracy
could be achieved by activity records and indirect calorimetry, he cited
some of his own studies, which cast some doubt on the method. His
studies of the energy cost of pregnancy in which careful energy
expenditure measurements were carried out led him to conclude that such
measurements "can be of little assistance in assessing energy balance
under free living conditions" (Durnin, 1984a) and "cannot discriminate to
levels of 420-630 kJ/day" (Durnin, 1987). He suggested that total
energy intake coupled with data on changes in weight and body
composition would provide satisfactory data on energy expenditure and
energy balance if the energy intake studies were repeated at interwvals
and a regular record of weight made.

Acheson, Campbell, Edholm, DMiller and Stock (1980 a,b,c,)
published the results of a longitudinal survey of the energy intake,
expenditure and balance of 12 men at an Antarctic base in which they
compared methods of obtaining data. Their techniques included those
used in the thesis studies. They used the factorial method to measure
energy expenditure and weighed the food intake. They concluded that
these methods, although not accurate enough to predict fat gain or loss,
gave a reasonable estimate of food intake and energy expenditure. They
discussed the possibility of combining long-term measurements of body
fat and energy intake to provide an estimate of energy expenditure.

In a further paper on the subject from the report of a European
Community Workshop on Human Energy Metabolism (1984b), Durnin
analysed the sources of error in the method and outlined the type of
information which use of the activity diary-respirometer combination
could supply. If these suggestions on the use of long-term measure-

ments of body weight and composition in combination with measurements
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of energy intake at specified intervals are acted upon, there may be
a more rapid accumulation of data on energy expenditure. In the past
twenty years little such data has been collected because of the
difficulty and expense of field studies.

Brun, Webb, Rack and Blackwell (1984) attempted to validate the
activity diary-respirometer method, by the use of direct calorimetry
in a metabolic room over 24 hours as a reference technique. The
diary-respirometer method underestimated the daily energy expenditure
by an average of more than 300 kcal. Large intra and inter-
variability was observed which limited the possibility of
demonstrating a significant difference that could be attributed to
technique alone. On the other hand, Prentice, Davies, Black et al.,
(1985) reported that when simultaneous studies of energy expenditure
by this method and energy intake are made, energy expenditure
estimates wusually exceed energy intake estimates by a substantial
margin. ,

The area of energy expenditure measurement in which enormous
- progress has been made is in the construction of human calorimeters.
Webb (1984) reported that 25 machines had been built since World War
IT including the suit calorimeter, which he developed. A list of 10
direct calorimeters and 14 indirect-whole-body calorimeters was given
by Van Es (1984). The use of the first of these post-Atwater
machines was not reported until 1971. Some of the uses to which these
new calorimeters are being put are in measurements of the energy cost
of sleep, the energy cost of lifestyles which include various levels of
physical activity and studies of dietary induced thermogenesis.

Perhaps most hopeful for field studies is the emergence of the
doubly labelled water (2H2180) method of measuring CO2 production
over periods of a week or more (Lifson and McClintock, 1966). It
has been criticised by Durnin (1984) as perhaps an expensive way of
validating energy intake measurements. In this method, the subject
receives an oral dose of stable isotopically labelled water (2H2180),
co, production is calculated and corrected for known isotopic
fractionation effects and energy expenditure is calculated from the co,

production rate with standard indirect calorimetric calculations. The
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energy expenditure of 12 healthy free-living women aged 23 - 40 was
studied by Prentice, Davies, Black, Ashford, Coward, Murgatroyd,
Goldberg and Sawyer (1985). It was also measured by continuous whole-
body calorimetry over a 36-hour period. This study was the first field
measurement of total energy expenditure (TEE) with the doubly labelled
water method and one of the first to present such data as absolute
values and also as multiples of BMR.

Methods of conducting an energy expenditure study in which meas-
urements of energy cost and an activity record are appropriate for the
purpose of the study have altered little since the study of miners by
Garry, et al., (1955). The K-M respirometer has been updated as the
MISER and the Douglas bag has re-emerged for use in field studies.
The importance of care and calibration of the instruments, sensitivity to
the subjects who have to wear the apparatus and appreciation of sources
of error and bias remains unchanged.

The division of energy expenditure into several compartments has
become a wuseful convention. These compartments, namely resting
metabolic rate (RMR), thermic effect of food (TEF) or dietary induced
thermogenesis (DIT), thermic effect of exercise (TEE), and adaptive
thermogenesis (AT) have been described by Horton (1983) in an

overview of the assessment and regulation of energy balance in humans.

3.8.2.2 Physical activity, fitness, exercise and health. Interest in the

relationship between physical activity, fitness, exercise and health has
escalated rapidly during the last 20 years and has resulted in some
confusion in terminology in reports of these relationships in the scientific
literature and by the media. Caspersen, Powell and Christenson (1985)
attempted to clarify some of the concepts involved by proposing defini-
tions of the terms "physical fitness", "exercise" and "physical activity",
which are often confused with one another and sometimes used
interchangeably, as a basis for comparing studies of these concepts to
health. Physical activity was defined by them as any bodily movement
produced by skeletal muscles which results in energy expenditure;

physical fitness was defined as a set of attributes that people have or
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achieve that relates to the ability to perform physical activity; exercise
was defined as planned, structured and repetitive bodily movement done
to improve or maintain one or more components of physical fitness.
Exercise was further subdivided into skill-related fitness and
health-related fitness and the Ilatter into five fitness components
including cardiorespiratory fitness and body composition. Each fitness
component can then be measured with decreasing cost, precision and
accuracy from measurements in the laboratory through epidemiological
procedures to self-assessment. Each of these definitions as proposed
does not imply achievement of a pre-determined level and allows for
variation at least by age and sex.

The measurement of physical activity can be sub-divided in
different ways. The divisions used in this thesis are the historical
divisions into physical activity during sleep and during occupational and
leisure time and into that which is of light, moderate or heavy intensity.
Also used are new categories of physical activity which have gradually
evolved and were specified in the FAO/WHO/UNU (1985) report as

discretionary activities, optional household tasks, socially desirable

activities and activities for physical fitness and the promotion of health.

Durnin (1985) also drew attention to the confusion which exists
about "exercise" and its differing effects on the body in relation to
muscular development, on efficiency of the cardiovascular system and on
total levels of energy expenditure. He stressed that "exercise" or
"physical activity" cannot be regarded physiologically or nutritionally in
"some vague uniform fashion"; the effects produced by "exercise" on the
body vary widely and will depend on the particular form of exercise, on
its intensity and its duration.

Many methods of obtaining the physical activity pattern of individu-
als have been developed including questionnaires which are the method
of choice of the epidemiologists.

One of the first questionnaires to incorporate the definition of
physical activity and exercise in terms of type, duration, intensity and
frequency was described by Montoye (1971). He wused it to assess
habitual physical activity in the Tecumseh Health Study. Morris, Chave
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and Adam (1973) used a detailed activity diary (often called the British
Civil