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PREFACE

With the rise in standards of living brought by medical and social
progress, the percentage of elderly people is steadily increasing in many
countries. Large numbers of human beings see prospects of a longer life
opening up before them, but this lengthening of the life-span is inevitably
producing a variety of problems among the most important of which are
the growing prevalence of degenerative diseases and the question of their
compatability with productive activities.

The study of senescence, as a complex of morphological and functional
changes some of which begin very early, has made striking progress during
the past twenty years. In the present Public Health Paper, F. Bourliére,
Professor at the Faculty of Medicine in Paris and Director of the National
Gerontological Foundation, stresses the need to tackle the problem from
the point of view of differential ageing and to assess the individual’s degree
of senescence by objective criteria measuring biological age. He looks
Jirst at the role played by genetic factors and the influence of the envi-
ronment whose various components shape from adulthood. onwards the
- course of the ageing process. The measurement of biological age requires
the application, during the geronotological surveys, of well-adapted metho-
dology and sampling procedures. Among the many tests deszoned to
measure the individual’s degree of morphological and p/zyszolovzcal ageing
it is the most sensitive and the simplest that will be chosen. Psychological
tests will allow even minor impairments in the functioning of the brain to
be diagnosed early.  Finally, the individual’s state of health will be assessed
by as thorough a clinical examination as possible.

Through such surveys we can hope to obtain valuable pointers to the
probable causes of many phenomena of differential ageing and hence be
able to adopt a scientifically-based approach to the major problems of
employment of elderly persons and the age of retirement.



INTRODUCTION

The wide variations in the speed at which different individuals pass
through the various stages of the human life cycle have long made obvious
the need for criteria of biological age largely independent of chronolo-
gical age. Thus paediatricians today regularly use “indicators” of
skeletal and dental maturity, as well as psychometric tests, and can
thereby accurately observe the physical and mental development of
children and study the endogenous or external factors that retard or
accelerate it. :

Once growth is completed, the same problems still arise, though in
a less immediately obvious way. It is evident that the “wear and tear”
of existence does not show in the same way and at the same rate in all
of us. Differences in constitution, in ways of life and in diets jointly
ensure that the manner in which we age has nothing fixed or stereotyped.
One 50-year-old adult will still be remarkably young, physically and
mentally, while another already shows many signs of premature senility.
This entails a whole series of problems of concern not only to the physi-
cian and the psychologist but also to the sociologist and the economist.
In particular, the diversity we display in the pattern of ageing has impor-
tant implications for professional life. Every possible effort will have
to be made to adapt the type of work done to the changing capacities
of the individual, in order not to provoke further maladjustment and
aggravate the situation. ’

Hence the value of the batteries of physiological and psychometric
tests of ageing designed to give, whatever the chronological age of the
subject, an objective assessment of his biological capacities. I have
attempted in this short paper to take stock of the present situation, on
the basis of my own experience during the past ten years at the Claude
Bernard Gerontological Centre just as much as of data drawn from the
literature. After a first chapter setting out some basic facts on the
physiology of senescence and stressing the importance of the pheno-
menon of differential ageing, the paper deals in turn with the problems
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10 F. BOURLIERE

of sampling and of the characterization of sample populations;
biological and psychometric tests of ageing; and, finally, methods of
appraising states of health. Of course, this first general review does not
claim to be exhaustive. On the contrary, I have tried deliberately to be
selective, concentrating on the techniques that have hitherto given me
the best results and disregarding the others. I hope thus to assist all
those desirous of embarking on a studv as fascinating, but as fraught
with difficulties, as that of the ecology of senescence.

Paris, 10 January 1969




CHAPTER [

DIFFERENTIAL AGEING IN MAN

Time leaves its mark on everything that lives, and this is true at all
the successive levels of organization of the living being: molecules,
cells, intercellular substances, organs and organism. In man and the
higher vertebrates ageing takes the form of a morphological and func-
tional involution, as progressive as it is silent, which affects most of the
organs and leads to a gradual decline in the performances of the indi-
vidual. Research on the phenomena of senescence has made great
progress during the past twenty years and good general reviews of these
studies are to be found in a number of recent books (Bourliére, 1958
and 1959; Biirger 1957; Comfort, 1964 a and b ; Curtis, .1966; Koren-
chevsky, 1961; Strehler, 1962; and Verzar, 1963). I nevertheless feel it
would be useful to recapitulate briefly here a few basic facts that give an
idea of the extent and generality of the phenomena of senescence in man.

In those organs or tissues that do not have the power of constantly
renewing their cells during our lifetime—e.g. the brain or the eye lens—
senile involution first becomes perceptible well before statural growth
is completed. Thus we probably lose as many neurons from our
cerebral or cerebellar cortex between the ages of 5 and 40 years as
throughout the rest of our lives (Brody, 1955). The range of accom-
modation of the eye lens declines, for its part, at a linear rate between
8 and 50 years of age (Duane, 1922).

For most of the organs whose full development is not reached until
about the twentieth year, or in those whose cells—or some of them at
least—have the power of renewing themselves throughout our lives,
the decline in performances is not detectable until after growth is
completed.

Thus vital capacity diminishes regularly after the age of 20 (by
17.5 cm® per m? of body surface per year in the male sex). So does
cardiac output and the stroke index; conversely, peripheral resistance and
circulation time increase, as does the systolic blood pressure.

The secretion of digestive juices and the amounts of certain enzymes
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12 F. BOURLIERE

contained in them also vary with age in the healthy adult. The volume
of gastric juice secreted after a standard test meal diminishes steadily
between 20 and 59 years of age, as do its free and total acidity and its
pepsin content. Similarly, the ptyalin content of the saliva declines
much more steeply between 20 and 60 years of age than afterwards.
The same applies to the proteolytic enzyme of the pancreatic juice and,
to a lesser degree, to its amylolytic and lipolytic enzymes.

One of the most regular and general involutionary processes is that
of the kidney. Parallel with a progressive diminution in the number
of nephrons, we note a regular decline in the glomerular filtration and
tubular excretion rates, in the maximum tubular excretion (diodrast-Tm)
and reabsorption (glucose-Tm) capacities, and in the renal blood flow.
The decline of this last function is approximately 50 per cent. between
20 and 90 years of age. While this factor accounts for a good proportion
of the modifications observed, a number of experimentally established
facts prove that it does not explain them entirely.

The early and progressive senescence of the locomotor system was
one of the first ageing phenomena to be clearly demonstrated. Which-
ever muscle group we consider, the peak of muscular strength occurs
between 20 and 30 years of age and the decline is thereafter continuous,
accelerating progressively withincreasingage. Muscle tone itself begins
to decline well before the period of senility. This progressive senescence
of the striated muscle goes pari passu with a gradual modification of
the skeleton, a steady diminution in the density of the long bones and
the vertebrae, and numerous biochemical changes in the muscle and
cartilage.

The activity of several endocrine glands also diminishes steadily
between 20 and 60 years of age. The decline with advancing age in
the rate of fixation of radioactive iodine is a good example. In both
sexes, the urinary androgens (total androgens and 17-ketosteroids)
show as much diminution between puberty and 40 vears of age as after
that period. The level of one adrenocortical androgen, dehydroepian-
drosterone, in the plasma is highest at 30 years of age and begins to
fall immediately afterwards.

The sense organs, for their part, age very steadily throughout the
course of our adult life. Dark adaptation, critical flicker frequency,
and speed of pupillary contraction decline at an almost linear rate after
the twentieth year. Auditory senescence also begins with adolescence
and continues steadily thereafter, culminating between 40 and 50 years
of age in a marked diminution in perception of the highest frequencies.
This ageing of the sense organs is accompanied by an early and pro-
gressive reduction in the maximum speed of conduction of the motor
nerves.
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Only a few hormones, such as the adrenocortical steroids, anterior
pituitary growth hormone, and probably insulin tco, are apparently
secreted at an equal rate throughout our adult life.

In the psychological field, the lengthening of reaction times with
increasing age, the slowing up of learning processes, the decline in
memory and in mental efficiency, have long since been studied and
measured by psychologists (Birren, 1959; Bromley, 1966; Jones and
Kaplan, 1956; Pacaud, 1955).

These insidious and progressive changes are reflected in the organism
by a steady decline in the adaptability of the individual and a parallel
increase in his susceptibility to environmental stresses. The homeostasis
of the internal “milieu” is still maintained, of course, but with increasing
difficulty as the years pass and as our capacity for physical and mental
adaptation to the changes in, and still more to the strains of, the external
environment are constantly whittled away. The studies conducted
by N. Shock and F. Verzar have, inter alia, provided many examples
of this progressive reduction in the “safety margin” of our various
functions.

* *
~ *

There is, however, another fundamental characteristic of the ageing
process which has been brought out by the research work of the past
ten years, namely, the differences in rate from one individual to another.
Not only do the various functions and abilities not decline in the same
way in any given person, but a particular function or ability may age
at different rates in different individuals. In other words, among a
given population, certain persons are “fast” and others “slow” in relation
to the average time-table of ageing for the function concerned. Here
are a few examples of this phenomenon.

The most marked variations in rates of ageing are to be found, of
course, when we compare human populations living in widely different
ecological conditions. That is the case with certain African tribes and
certain Asiatic populations who still practise their traditional ways of
life. In comparison to Euro-American city dwellers, the differences
then -become very marked. .

Everybody has heard of the Masai, those splendld (and formerly
turbulent) Nilo-Hamitic nomads of the great plains of Kenya and
Tanzania. One of the peculiarities of their ecology is their diet: once
past the age of initiation (4- 14 years) the boys are required by custom
to consume nothing but milk, meat or blood, to the exclusion of all
vegetable foods. The adults drink about three litres of milk per day
(£ 187.5 g of lipids) and when the opportunity arises may eat from 2
to 5 kg of beef in 24 hours.
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G. V. Mann and his team (1964-1965) made a classic study of these
people. They examined 436 men out in the bush—which represented
practically the entire male population of the region under study. The
men’s ages were estimated on the basis of their membership of the various
“Initiation groups” to which every man must belong after puberty.
The anthropological and physiological studies were accompanied by a
careful epidemiological and nutritional survey. While of about the
same height as the average American, the Masai nevertheless give the
impression of being much taller owing to their body type which is of

FIG. 1. AGE DIFFERENCES
IN MAXIMUM OXYGEN CONSUMPTION
DURING EFFORT OF MASAI AND WHITE AMERICANS
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linear proportions, their low body weight (rarely above 60 kilos in
adulthood) and the thinness of their subcutaneous fat layer (the humeral
skinfold does not exceed 3 mm, as against 11-14 mm in the average
American). The state of health of this people is poor by our Western
standards: a third of the subjects examined had enlarged spleens (mala~
ria) and 9.3 per cent. showed serological signs of syphilis. Intestinal
parasitic infections were frequent, as was trachoma (37 per cent. affected).
On the other hand, cardiovascular diseases proved extremely rare
(3.36 per cent. of the subjects examined); hypertension was exceptional
(only 5 subjects had a diastolic blood pressure of 10 cm Hg or above)
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and coronary disorders non-existent. At the same time, the physical

- form of these Masai remained truly astonishing. By means of an

electrically driven treadmill that moved at a speed of 90 mm per minute
and whose inclination from the horizontal increased by ome degree
every 60 seconds it was possible to measure their performance as runners,
their cardiovascular adjustment to effort and their maximum oxygen
consumption (Fig. 1). The resuits far exceeded expectations: these
nomadic herdsmen were capable, with no special training, of perfor-
mances superior to those of Clympic runners. Two of them even beat
the records of the runner Don Lash and the skiing champion Jernberg!
On the average, their maximum oxygen consumption was always higher
than that of white Americans. Thus, contrary to what normally occurs
with Euro-Americans, the ageing process in the Masai is characterized
by absence of weight-gain between 25 and 55 years of age, persistent
thinness of the subcutaneous fat layer, only slight increase in blood
pressure with advancing age, and a persistently low level of blood
cholesterol.

Something very similar was found in the case of the nomadic herds-
men of Somalia studied by Lapiccirella and his co-workers (1962).
Though they drank up to 5 litres per day of camel’s milk (= 355 g of
lipids), these people showed no clinical sign of cardiovascular disease.
As with the Masai, weight and blood cholesterol remain practically
constant between the ages of 21 and 70 and blood pressure increases
only slightly with age. Shaper and Jones (1962) found much the same
situation among the Samburu nomads of northern Kenya, while also
noting that the Rendille, though living a similar life, had a higher level
of blood cholesterol which, as in Euro-Americans, reached a maximum
towards the sixtieth year. .

It is also to G.V. Mann and his team (1961) that we owe what little
information we possess on the ageing of another African population
with a very special way of life: the Pygmies of the Ituri forest (Demo-
cratic Republic of the Congo). These hunter-gatherers have a mixed,
predominantly vegetarian diet. Their apparent state of health is just
as bad as that of the Masai: 20 per cent. have malaria, between 60 and
100 per cent. (depending on the camp) are infested with filariae; amoe-
biasis and onchocerciasis were detected in nearly three-quarters of them,
and kwashiorkor is not uncommon among the children. Despite this,
the endurance of these little people and their adjustment to the extremely
hostile conditions of the dense rain forest are remarkable. As in the
case of the Masai, stoutness in unknown among the adults, while blood
cholesterol is low and does not increase appreciably with age. On the
other hand, the Pygmies’ systolic blood pressure is closer to that of
white Euro-Americans than of the Masai, and two cases of hypertension
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were diagnosed. The percentage of electrocardiographic abnormalities
(44.4 per thousand) is actually higher among them than was found in the
Framingham study (39.6 per thousand) (Kannel et al., 1958).

As for the detribalized and more or less completely acculturated
African who now lives in the large towns of the African continent,
little is yet known about his biological and psychological ageing processes.
All that can be said is that among the Zulus of Durban (South Africa)
hypertension has been observed to be frequent (Scotch et al., 1961).
Between 18 and 65 years of age their systolic and diastolic blood pres-
sures tend always to be higher than the usual levels for white Euro-
Americans, approaching the figures for United States negroes (Coms-
tock, 1957; Phillips & Burch, 1960). The stresses of adjustment to
urban life are possibly a contributing factor.

The populations of northern India and the Near East are very
similar, anthropologically, to those of Europe; ecologically, however,
they differ from them in respect of chronic malnutrition and an almost
exclusively vegetarian diet, particularly in India.

These very special living conditions obviously affect the ageing of
those individuals who reach maturity. Some physiological and ana-
tomical studies recently carried out in the Delhi region (Padmavati,
1962; Padmavati & Gupta, 1959; Padmavati, Gupta & Pantulu, 1959;
Malhotra & Padmavati, 1964) and in the Calcutta area (Das, 1959,
1963) point to very coherent conclusions. In the north-western part
of the country, as in Bengal, it is important first of all to distinguish
between the peasants and the poor town proletariat on the one hand
and the well-to-do sectors of the population on the other. In the case
of the former, one is struck by the constancy of their body weight
throughout their lifetime; at the very most an increase of a few pounds

was detected between the ages of 35 and 55 among the men studied
by Padmavati and Gupta. As for the women, their weight remains .

practically stationary between 25 and 45 years of age and then begins
to decline. The same applies to the male Bengalis studied by Das.
Similarly, systolic blood pressure remains at between 111.1 and 116.4 mm
Hg from 16 to 62 years of age and diastolic pressure between 70.9 and
77.1 mm Hg. The serum cholesterol level fluctuates, for lits part, be-
tween 1.50 and 1.91 g over the entire life period. An anatomical study
of 200 hearts taken from accident victims has shown that at all ages
and in both sexes the prevalence of atherosclerosis was considerably
lower than in the white population of the United States of America
and of Great Britain. Severe lesions (grades 3 and 4 on the scale used
by White et al., 1950) are, in particular, much less frequent. A very
different picture is found among the well-to-do middle classes: the
steady increase in weight up to 65 years of age is as marked as in the

‘
i
i

|
k]
H
i



THE ASSESSMENT OF BIOLOGICAL AGE IN MAN 17

West, systolic and diastolic blood pressures approximate to Euro-
American norms, and the blood cholesterol level is high, progressively
rising until the age of about 50.

The situation in the traditional rural communities of North Africa
is apparently quite similar to that in the country areas of India. The
survey conducted by Bourliére & Parot (1962) in the Kabyle village of
Ahl-el-Ksar showed, as in the plain of the Ganges, a remarkable stability

FIG. 2. AGE DIFFERENCES
IN THE THICKNESS- OF THE ILIAC SKINFOLD
IN PARISIAN SCHOOLTEACHERS AND KABYLES
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of body weight between 20 and 59 years of age and from then on a
steady decline, the thickness of the subcutaneous fat layer remaining
practically constant between 20 and 79 years of age (Fig. 2). On the
other hand, blood pressure increased slightly between adolescence and
old age (systolic blood pressure rising from 11.5 to 13.3 mm Hg and
diastolic from 6.9 to 8.2 mm Hg),though it always remained far below
the usual Euro-American levels. Blood cholesterol and beta-lipopro-
tein levels are low and hardly change with age. ‘

The only country of eastern Asia for which we had data on the course
of the ageing process comparable to those available for the western
world is Japan (Review in Bourliére & Nakayama, 1962; Hollingsworth
etal.,, 1965). Itshould, however, be pointed out that while the Japanese,
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like most of the other Mongoloid peoples of the Far East, have an
essentiaily vegetarian diet, their degree of industrialization is far higher
than that of the other Asjatic populations of the continent.

Morphclogically, the Japanese show the same tendency as Euro-
Americans to decline in stature with age; on the other hand their weight
trends, once growth is completed, are very different. Contrary to what
generaily occurs in the West, their weight remains absolutely stable
between 25 and 45 years of age and then steadily declines. Physiclo-
gically, a decline with advancing age in basal metabolism, vital capacity,
maximum breathing capacity, muscular strength, and urinary 17-keto-
steroids excreted per 24 hours is the general rule in Japan as in Europe
and North America. The only differences noted are in the curves for
blood cholesterol level and blood pressure. The former is much lower,
at all ages and in both sexes, among the Japanese than in Europe or
North America. In the men it remains practicaily constant between
25 and 85 years of age, but in the women it reaches a peak at about
the sixtieth year, as in the West. As for blocd pressure—particularly
systolic—it apparently rises more steeply with age than in Europe and
America. This has been ascribed to the high salt content of the Japa-
nese diet, though it has not been possible to provide convincing proof
of the assertion.

* % *

It should not, however, be supposed that it is necessary to go far
afield for evidence of the differential ageing phenomena of which we have
just given a few examples drawn from Africa and Asia. We find among
Euro-American populations almost equally marked differences between
city and country dwellers, or rather between individuals differing in
their ways of life, types of occupation and socio-economic levels.

Thus a comparison between the rate of ageing of a well-to-do urban
population (living in Paris) and a rural population of western France
(Plozévet, Britanny) has been made by the team of the Claude Bernard
Gerontological Centre. The detailed findings have been published else-
where (Bourliére, Clément & Parot, 1966; Bourliére, Cendron & Clé-
ment, 1966); we shall mention here only the main conclusions.

The first point to be noted is that the phenomena of ageing present
the same general pattern in town as in the country. In both cases,
advancing age is attended by a decline in stature, in vital capacity, in
maximum breathing capacity, in muscular strength, in the amount of

17-ketosteroids excreted per 24 hours, and in mental efficiency (assessed - -
by digit-coding tests); at the same time we observe an increase in blood o

pressure, in biood cliolesterol and beta-lipoprotein levels (up to about
the fiftieth year) and in reaction time to a visual stimulus.
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But while the ageing process takes a broadly similar course with the
wealthy Parisians and the less well-to-do inhabitants of Plozévet, we
find substantial differences between city and country dwellers in their
“average performances” at different ages. Thus standing height, vital
capacity, and levels of non-protein nitrogen and alpha cholesterol
fraction in the blood are always lower among the inhabitants of Plozévet
than among Parisians of the same age and sex.

Conversely, total blood cholesterol and beta-lipoprotein levels are
higher, and reaction times longer, for ail ages at Plozévet than in Paris.
As for muscular strength, measured by the strength of the hand-grip
on the Smedley dynamometer, it apparently declines more rapidly
with age in the Bretons of Finistére than in Parisians: whereas the per-
formances of young people of both sexes in Plozévet are always superior
to those of the Parisians, the advantage is soon reversed and after the
age of 50 it is the townsmen who show greater muscular strength
than the country dwellers. Finally, in certain cases major differences
are found only in the female sex: the women of Plozévet show a marked
tendency to obesity compared with Parisian women; their subcutaneous
fat layer does not decline in thickness after the age of 60 as is the case
in Paris. Above all, im' Breton women, as they grow older, systolic
blood pressure tends to be markedly higher than in-Parisian women
(the difference is statistically significant at the P < 0.001 level).

The state of health of the inhabitants of Plozévet between 35 and
75 years of age is also distinctly less good than that of Parisians o
comparable socio-economic level. For all apparatuses the percentages
of abnormalities observed are two to three times as high. Cardiovas-
cular, rheumatic and digestive disorders are particularly frequent, and the
percentages of glycosuria and albuminuiia are much higher. Behaviour
disorders are also very common in the Breton parish studied.

A last finding that is at first sight unexpected: the population of
Plozévet does not behave, in respect of ageing processes, as a homo-
geneous whole. Despite their common origins (half the sailors and
44 per cent. of the tradesmen in the village studied had a father engaged
in agriculture), farmers, seafarers and tradesmen show many distin-
guishing morphological, physiological and pathological features. Thus
decline in stature with age is apparently more rapid in sailors and their
wives than in agricultural workers and theirs. The former are, moreover,
always heavier and have greater muscular strength than the latter.
Despite their tendency to stoutness and their high blood cholesterol
and beta-lipoprotein levels, the sailors and their wives are nevertheless
in better health than the farm workers, and indeed consider themselves
to be so. The phenomenon of differential ageing in our Western
societies is therefore by no means limited to urban populations; it can
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already be observed in every rural community where there is a sufficient
degree of occupational specialization. In the particular case of Plozévet
the part played by differences in diet, physical activity and alcohol
consumption will have to be carefully established by further surveys.

In France it is not only between city and country dwellers that
differences exist in the pattern of aging. Similar differences are to be
found between professional groups within the large towns. But until
we have the results of the long and costly studies that will be necessary
to determine the extent and discover the mechanism of these differences,
we can at least get a general picture of this phenomen of differential
ageing from the few sample surveys already carried out.

Even if no marked dissimilarities are to be found between the life
tables of “manual” and “brain” workers with comparable living standards,

it is none the less probable that certain of their functions and abilities .

are affected in different ways by the passage of the years. The results
obtained by Clément (1961a) in his comparative ageing study of a
random sample of 116 State schoolteachers of the Department of the
Seine aged between 29 and 59, and a sample of comparable age drawn
from the population as a whole, seem to point to that conclusion (Fig. 3).
Whereas height, weight, vital capacity, maximum breathing capacity,
blood pressure and reaction time varied with age in much the same way
for the teachers as for the “man in the street”, the teachers showed signs
of fatigue quicker (and the more so the older they were) than the subjects
engaged in less “intellectual” occupations. In the Army-Beta test, the
digit coding test or the Wechsler vocabulary test, on the other hand, the
teachers’ performances, at every age and for both sexes, were far superior
to those of the manual workers, but the rate of decline remained the
same in both cases. Furthermore, in the memory test not only were
the teachers’ performances extremely brilliant, but the loss of

memory proved to be only about half as rapid in them as in the overall-

populaticn sample. It is just as if the practice of a profession calling
for a constant effort of memory but at the same time entailing a lack
of physical training both slowed up the ageing of the memory and
accelerated muscular ageing.

One must not deduce offhand from this observation that all the dif-
ferences between rates of aging encountered in Western populations
can be atrributed to “lack of use” of some functions and abilities during
our lifetime. Poor working conditions entailing fatigue and chronic
Insomnia “wear out” the victims prematurely. A recent survey, under-
taken in a large automobile plant near Paris on 102 workers with a
50 hour 40 minute week and 15 night shifts a month (Clément, Cendron
& Housset, 1968) tends to confirm this.

Apart from this, the fact still remains that regular physical activity
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FIG. 3. PERFORMANCES
OF A GROUP OF PARISIAN SCHOOL-TEACHERS
IN A SET OF TESTS COMPARED
WITH THOSE OF A RANDOM POPULATION SAMPLE
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It will be seen that there is no difference berween rhe two groups as regards hand-
§rip strength or learning, but very marked differences in the mental efficiency, me-
inory, vocabulary ana general intelligence tests.
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for “intellectuals” and regular cultural activities for “workers” usually
have a favourable effect on ageing. This probably explains, among
other exemples, the comparative youth of mind and body often observed
in old athletes and sportsmen. While the Anglo-American surveys
(Rook, 1954; Montoye et al., 1956) have not succeeded, in respect of
life expectancy, in producing evidence of any advantage or disadvantage
resulting from the long-term practice of a sport, the recent research
conducted by Clément (1961b) and by Vabriescu et al. (1956) at the
Claude Bernard Gerontological Centre do seem to prove that physical
activity maintained throughout one’s lifetime may have a beneficial
effect on the ageing of certain functions. The 101 cycling enthusiasts
of 45 to 75 years of age studied by Clément showed at all ages a larger
maximum breathing capacity, greater resistance to fatigue and a better
memory than non-sporting subjects. Their heart rates were slower
and their reaction times a little shorter than those of the controls. On
the other hand, the other tests (vital capacity, blood pressure, time
taken for visual recovery after dazzling, learning, vocabulary and
digit-symbol tests) did not bring out any significant differences between
sporting and non-sporting individuals. In the step test, elderly persons
who have practised some sport all their lives also tend to have a shorter
recovery time after effort than the average for their age.

* oy *

What are the possible causes of these differential ageing phenomena
of which we have just considered a few examples?

The readiest explanation is that there exist, between the populations
we have compared, genetic differences which are the cause of the per-
formance discrepancies between the various groups. A number of
facts do indeed point towards this type of explanation. For example,
despite the socio-economic conditions that generally place them at a
disadvantage compared to their white fellow-citizens, United States
negroes suffer far less frequently from osteoporosis * than Americans
of Buropean origin. Thus Moldawer, Zimmerman & Collins (1965)
have shown that after 65 years of age fracture of the collum femoris
is much less common among the former than the latter (5.6 times as
rare in the male sex and three times as rare in the female sex). Mean-
while Prior et al. (1962, 1964 and 1965), studying five groups of Maoris
living under widely differing ecological conditions in New Zealand,
Rarotonga and Pukapuka (Cook Islands), have shown that all these
Polynesians alike display a marked tendency, at all ages, to have a high
level of uric acid in the blood and to suffer from gout, whereas only

1 A disease which is jonly an accentuated clinical form of the ageing phenomena that normally
occur in the skeleton. '
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the New Zealand Maoris (whether living in the town or in the country)
were particularly irclined to obesity, to hypercholesterolaemia and to
ischaemic heart disease. In France, I have observed for myself (Bour-
liere & Poitrenaud, 1962) that male subjects over 60 years of age, clini-
cally healthy, but having among their parents and/or direct collaterals
(father, mother, brother or sister) relatives deceased through a cerebral
vascular accident were, mentally, distinctly old for their years. In the
Benton test, for example, their performances were equal to those of
controls seven years older than themselves! It is interesting to note
that this differential ageing, probably of a hereditary nature, was not
apparent in the female sex.

But whatever may be the role played by the genes, the fact remains
that the vast majority of differential ageing phenomena, like differences
in life expectancy, are attributable to the environment. For us this is
not limited, as it normally is for plants and most animals, to a set of
edaphic or climatic factors. They certainly play a part, but for man
social conditions are more important than mean annual temperature
or altitude. Diet in childhood and adulthood, type of education,
profession, family and professional life (and particularly how we adjust
to them), intercurrent diseases and collective toxicomanias (such as
tobacco, alcohol, tranquillizers and... television) have far-reaching effects
on our physical being as on our personality. It is during our adult life
(and in certain cases during our childhocd) that our fate in old age is
decided.

In a world where technical developments are transforming ever more
completely our traditional ways of life, and where ever-increasing specia-
lization of our activities is tending to destroy an age-old balance between
brain and muscle, it is becoming particularly urgent to take stock of the
beneficial and harmful effects of industrialization and urban living., Ts
it not, after all, for the machine to adapt itself to man rather than the
contrary? What possible benefit could we derive from the adoption
of ways of life which would result in the long run in accelerating the
rate of ageing of certain of our functions or abilities which are especially
sensitive to the stresses of the environment?

In order to lay the foundations of a truly forward-looking health
care for the elderly, to prevent the general spread of “wearing” occupa-
tions or dietary habits that may be harmful in the long run, it is absolutely
essential to observe objectively the development of the ageing process
all through our lives, and not only after retirement. For this<to be
possible, objective methods of measuring biological age are indispen-
sable. The aim of this report is to take stock Of present knowledge
of the subject and propose techniques that might possibly be used in
occupational health as well as in gerontology.



CHAPTER 2

GENERAL METHODOLOGY AND SAMPLING

he measurement of rates of ageing in man and the study of the
causes of differential ageing require both the selection of a number of
tests and examinations by which to evaluate the biological age of each

subject and the application of those tests to representative samples of

the populations to be studied. This is very simple in theory but in
practice is attended by many difficulties. The choice of ageing tests
will be the subject of chapters 3 and 4 of this report. First, however,
we must consider a number of problems of general methodology and
sampling whose solution has many implications for the choice of the
actual methods of measurement.

CROSS-SECTIONAL AND LONGITUDINAL STUDIES

The idea that immediately suggests itself when one considers measur-
ing the ageing of a population is to apply a battery of suitable tests to a
series of individuals of various ages belonging to the population con-
cerned. This is the so-called cross-sectional method, which is the
basis of the great majority of recent studies on human and animal
senescence.  In other words, a comparison is made at a given moment
between the physical and mental performances of subjects belonging
to cohorts of different ages. 1In the case of animal species such as the
white rat or white mouse, whose maximum life span is very short (2 to
3 years), of which highly inbred strains are available, and which can be
bred under constant environmental and nutritional conditions, this
method is perfectly legitimate. But when we are dealing with man this
is not necessarily so. Suppose a comparison were made in 1965 between
individuals of the same sex and the same profession aged 25, 50 and 75,
We should certainly have found substantia] differences among them
In respect to standing height, vital capacity, score in the vocabulary
test and frequency of some pathological abnormalities. Are we to
conclude that these differences are due solely to the effects of age?

— 24
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Certainly not, for it is known that between 1890 and 1940 the average
stature of young adults steadily increased among the industrialized
populations of Europe and North America. It is also known that at
the beginning of this century children did not get the same diet, nor the
same hygiene, nor the same education as those of today. Furthermore,
the generations born in 1915 and 1940 were adversely affected by the
last two world wars in a different way from the generation born in 1890.
So when we compare today the survivors of three cohorts of individuals
born at intervals of 25 years from one another, the differences between
generations inevitably intermingle with changes due to age and it is
usually impossible for us to-dissociate the role of those two factors.

That is why many gerontologists consider that the only means of
really getting any information on the process of individual ageing is
the longitudinal method.—i.e. the examination at regular intervals of
a single group.of individuals followed up throughout their lifetime.
In this way what happens to the various individuals comprising the
sample—those who die early as well as those who survive to an advanced
age—can be accurately observed, and any difference that may exist
between generations is eliminated. Such a technique has been used
with great success for the study of growth processes and has brought out
many facts which would otherwise have gone unnoticed. Unfortu-
nately, in gerontology the longitudinal method has obvious disadvan-
tages: it is not a matter of observing a number of individuals for 10 or
20 years, but for up to three quarters of a century—and those conducting
the study are therefore more than likely to die before the individuals
they are studying. Furthermore, social mobility is so great among
adults in the populations of the industrialized countries that many indi-
viduals will leave the area where the survey is conducted while it is still
going on—which introduces an important element of selection and
means that the study has to begin with a very large number of subjects.
In fact, no longitudinal study covering the entire life cycle has yet been
successfully conducted on man. It is an ideal that many research
workers have dreamed of without ever being able to achieve it.

In practice, therefore, a compromise has to be adopted: a combi-
nation of cross-sectional and longitudinal techniques. The former are
used to start with and the results are supplemented (and if necessary
corrected) by the latter. That is what we do at the Claude Bernard
Gerontological Centre in Paris: every individual who has once been
examined in the course of our various studies is sent for again every
succeeding five years. This has enabled us to establish that at the
individual level the decline in performances, between 60 and 65 years
of age for example, is generally much less pronounced than might be
supposed from a simultaneous comparison of two cohorts of subjects
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who have reached those same ages. The difference is, however, always
in the same direction. Another possibility is to limit the longitudinal
survey to a ten-year period corresponding to a phase considered to be
critical in the life of the individual—for example, the five years immedi-
ately before and immediately after retirement. Such limited prospective
studies are quite feasible given a sufficiently large sample and adequate
financial resources. )

SAMPLING

After selecting the general survey method which seems most suitable
for solving the problems it is proposed to tackle, we have to obtain the
sample of individuals on whom the measurements of biological age are
to be carried out.

One general remark must be made at the outset: if it is planned
to study the differential ageing of two categories of individuals living
under different environmental conditions, the samples to be used must
be representative of the populations from which they are drawn. Any
element of selection, conscious or unconscious, must be carefully eli-
minated. We must never, for example, be content to work only on
volunteers. In adult subjects, a spontaneous offer to take part in a
study of this kind is often prompted by the existence of a long-standing
illness, or a biological abnormality of some kind, or again by a marked
state of anxiety. Conclusions based on such a sample would not
necessarily be applicable to all individuals of the same age in the socio-
economic group or local community under study.

The surest method, therefore, is first of all to choose, in the light
of the research objectives one has set oneself, the occupational categories
OT socio-economic groups to be covered by the study.Once that is done,
the next step is to try and build up a card file of all persons coming
within the category selected. Then we must choose by lot a sufficiently
large sample of individuals and try by every possible means to persuade
the great majority of them to undergo examination.

The preparation of the basic card file (or registers) is.often a laborious
process. If it is desired to make a global study of the population over
65 years of age living in a village, a small town or a district of a large city,
the best tking is to work from the electoral rolls, supplementing them
if necessary by the registers of persons on public assistance and of
hospital patients. In that case, close co-operation with the municipal
authorities and the hospitals is absolutely essential.

If it is desired to study a particular profession, advantage can often
by taken of the labour unions and other associations which often include
practically all the members of a profession. Thus in the case of our
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study on ageing among schoolteachers, we ‘were able to use the files
of the Mutuelle générale de 1’Education nationale, whose membership
includes over 90 per cent. of the primary and secondary State school
teachers in the Paris area. In other cases it is the personnel department
and the medical service of a large factory that must be approached in
order to obtain lists of staff members and of the different occupational
categories in the firm.

In rural areas or in the developing countries it is rather at the level
of an entire village or hamiet that we have to operate. In that case the
number of persons concerned is often small and with a little perseve-
rance it is possible in a few months to examine practically all the adult
and elderly population. This has been successfully done in a parish in
Brittany, as well as in Masai camps (Bourliére, Cendron & Clément,
1966; Mann et al., 1964; Mann, Shaffer & Rich, 1965).

In all cases, the co-operation of a social worker (or a social anthro-
pologist) and of well-known figures from the community it is proposed
to study are absolutely indispensable in order to reduce to a minimum
the number of refusals to take part. We have sometimes had to give
our subjects financial compensation—in the form of overtime pay—
for the time spent in the laboratory.

The use of persons attending out-patient clinics, inmates of homes
for retired persons, or hospital in-patients should be avoided—except,
of course, if we wish to study the accelerating effect of certain diseases
on the ageing process or to deal with problems of treatment. On no
account, however, can the conclusions of such hospital surveys be
generalized to the population as a whole; nor can they be used to get
an idea of the prevalence in the general population of the abnormalities
observed. '

In cases where, despite every effort, only very small samples can be
obtained, comparisons will none the less be possible if the matched pair
method is used. This consists essentially in comparing theindividuals
studied with controls strictly similar to them in all respects (sex, age,
height, weight, socio-economic status, level of education, etc.) except
the variable under study.

CHARACTERIZATION OF THE SAMPLE

As the essential purpose of studies on differential human ageing is
to determine the nature of the environmental factors responsible for
the observed differences between individuals in the speed of the processes
of ageing, it is particularly important to describe as precisely as possible
(and to some extent quantify) the characteristics of the environment
of the individuals studied. It would be pointless to measure their
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biological age without frying to establish a correlation between their
rate of ageing and their way of life.

Socio-economic level of the individuals studied

Several recent studies have rightly emphasized the considerable
biological differences to be found between the various Socio-economic
groups of one and the same population (Clément, 1962b; Schreider,
1964). It is therefore of prime importance, in studies on differential
ageing, to describe as objectively as possible the socio-economic charac-
teristics of the sample to be surveyed and to do so in a way that allows
comparisons at the international as well as the intranational level.

For this purpose, two categories of information must be systemati-
cally collected: (a) numerical data on salaries or annual incomes, and
(b) circumstantial data on the standard of living. In many cases the
persons examined show some reluctance to give the survey worker
information on their real income level, and a comparison between the
admitted figures and their actual way of life can give a closer approxi-
mation to the truth.

In industrial societies of the Euro-American type, it is convenient
first of all to classify the subjects into the following major socio-economic
brackets:

(1) Upper bracket:
(@) owners of industrial firms, big landowners, managing directors of firms
(b) liberal professions, senior managerial staff, senior officials, university
teachers
(2) Middle bracket:
(@) Tradesmen
(b) junior managerial staff, secondary and primary teachers, medium-grade
officials
(c) craftsmen, small tradesmen
(d) skilled workmen ‘
(e) clerical staff
(f) small cultivators
(3) Lower bracket:
(@) unskilled workmen, lower-grade officials
(b) agricultural workers
{¢) domestic and service staff
(d) no regular occupation

Persons who have retired or given up working are classified separa-
tely, mention being made (a) of their previous occupation and (b) of the
other activities they have been carrying on since their retirement.

This is of course only a broad grouping which must be adapted to
the economic and social context of the country or region where the
survey is conducted. ‘
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An estimate of total remuneration (including the various allowances)
should be attempted by asking the individual examined to indicate his
own position on a pre-established table.

If the spouse of the person examined is also earning a wage, it should
be mentioned as supplementing the main wage of the family. A similar
table should be prepared in advance for retired persons, with provision
for an estimate of the assistance in cash or kind provided by the family.

At the same time, the subject should be requested to state the number
of persons provided for from the income in question:

(1) One person

(2) Two persons

(3) Three persons

(4) Four persons

(5) Five persons and over (state how many)

Indices of standard of living vary, of course, a great deal according
to the country, region or urban area studied. In Paris, for exz/unple, we
found that the most important factors, during the past 10 years, were
the following:

(1) Housing, for which it is necessary to specify:

(a) The type of dwelling: detached or private house, apartment,
furnished room, hotel room;

(b) The pumber of main rooms in the dwelling;

(c) The ownership of the dwelling: whether the subject owns it,
rents it, is housed by his employers, or lives with a relative or friend.

(2) The comfort amenities of the dwelling: bathroom, shower,
inside lavatory, refrigerator, washing machine, ironing machine, vacuum
cleaner, radio, television, record player. ' '

(3) Expenditure on recreation: summer holidays for the family away
from the locality where the subject works, winter holidays, group holi-
days, shows (number of times per month), car used for non-professional
purposes, motor cycle, motorized bicycle.

Professional life

A short but precise job-description is always indispensable to give
an accurate idea of the occupational activities of the persons examined,
particularly in industry. Two items of information are of particular
interest:

(@) The normal time-table of work. How many hours a week does _
the subject work (including overtime)? How are the working periods
distributed over the 24-hour cycle (day work, night work, alternation)?
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() The “tiring” nature of the work as felt by the subject himself.
Is he forced to keep up a rapid working tempo (as in scme assembly
or production “lines”)? Does the work involve constant changes of
temperature (boiler rooms, refrigerated stores, etc.), of atmospheric
pressure and/or oxygen content (some flight personnel in aviation),
continual disturbances in sleep and rest schedules (crew members of
transatlantic passenger aircraft constantly moving from one hour-zone
to another), occupational poisoning, etc.

Daily level of physical activity

This is a factor important to specify but difficult to quantity. Heinila,
Karvonen & Koskela (1965) recently made a survey of the different types
of questionnaire used for this purpose in Europe, North America and
Japan. The most interesting, from the gerontological point of view,
were in our view those used by the Human Ecology Program (New York),
the Tecumseh Community Health Study (University of Minnesota), the
Preventive Cardiology Clinic (University of Brussels), and the Physical
Fitness Research Institute (Tokyo). For details we refer the reader
to the report published by the Institute of Occupational Health, Helsinki.
Suffice it to say here that an attempt should always be made to determine:

() the amount of physical activity entailed by the subject’s occupa-
tion;

() the amount of physical activity involved in travelling from the
subject’s domicile to his place of work (and back);

(¢) the amount of physical activity involved in the sports (including
gymnastics) practised by the subject or in recreational activities such as
gardening;

(d) the average number of hours’ sleep.

Level of education and mental activity

Data must always be collected on:

(@) number of years spent at school, college or university (primary,
secondary, technical and higher education);

(b) diplomas obtained on leaving school or university;

(¢c) extent and type of reading activity (do the subjects regularly
-read magazines, novels, historical, scientific or philosophical works ?

Do they buy books or belong to a circulating library? Do they go -

to public libraries?)
(d) attendance at lectures and membership of cultural or artistic
groups or specialized clubs? '

(e) favourite radio and television programmes;
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(f) hobbies, if any (are they music lovers, painters or handymen?)

Type and quantity of food normailv eaten

Some questions should always be put about these two factors when
no special nutritional survey is made. The simplest procedure is to ask:

(@) the number of meals and the times when taken;

(b) the composition of the meais taken on the two days preceding
the examination; this is a convenient way of finding out what the exa-
minees eat. Very often, particularly with women, data on the quantity
of meat, bread or fats consumed by the family can be obtained:

(c) the type of beverage taken during and between meals (water,
tea, coffee, wine, beer, spirits):

(@) the number of cigarettes, cigars or pipefuls smoked per day.
Family life

An appraisal still has to be made of the subject’s family life and his
adjustment to his family and social environment. It is important to
know not only whether the person examined is single, married or divorced
and how many children he or she has (together with their ages), but also
to what extent he feels satisfied with his present situation. Here we
have always found that the most rewarding procedure is to begin by
looking for clinical signs of non-adjustment or maladjustment such as
disturbed sleep, frequent resort to tranquillizers, spastic colitis, gastric
and duodenal ulcers, periodic slight hypertension, etc. After that the
doctor conducting the inquiry (if possible of the same sex as the individual
under study) can venture to put more direct questions, which will then
have more chance of eliciting a frank answer.

Finally, the description of the sample should always mention the
ethnic origin of the subjects—particularly in countries where several
“races” coexist or where the population is divided into more or less
endogamous religious or professional groups. It is a wise precaution
always to determine the blood groups of the persons examined— at
least in respect of ABO, MN and Rh classification. It will then be
easy, on completion of the survey, to calculate the corresponding gene
frequencies—which facilitates comparison between samples.



CHAPTER 3

BIOLOGICAL TESTS OF AGEING

We stated in the first chapter that the functional involution which
characterizes ageing began to become apparent in most cases as soon
as the period of growth was over. It might therefore be supposed that
it is very easy to set up a “battéry” of tests whose results would make
it possible to express in precise figures the degree of that involution and
thereby estimate the * biological age” of the individuals examined.

In practice, however, the problem is far more complex. In order
to provide a correct estimate of our rate of decline and to be utilizable
in practice on a large number of normal, non-hospitalized subjects,
the tests selected must fulfil two conditions.

(@) The morphological characteristics, physiological functions and
mental abilities studied must vary substantially with age, so that the
differences in performance between successive age groups are greater
than the variability within each group. Hence, when for a given func-
tion or ability there exist several methods of studying its variations
with age, preference should always be given to the method which is
most sensitive.

(b) The tests selected must be technically as simple as possible
(while remaining reliable, of course), must be painless, and must require
only a minimum of blood specimen taking and urinary catheterization.
It must be possible for the whole set of measurements and functional
tests to be carried out in a few hours at most, so as to cause the least
possible disturbance in the professional activities of the persons examined.
If they are to come back and be tested again later, they must have a

pleasant memory of their first examination; otherwise any longitudinal

study becomes impossible.

In this regard we have found from experience that it is psychologically
essential, even for normal subjects, that the examination should begin
like a routine medical check-up: friendly questioning, full clinical history
(what healthy individual has nothing to say to a solicitous and affable

-3
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physician?), investigation of family background, etc. In other words,
we start with what is discussed in Chapter V of this report: the evaluation
of the subject’s state of health. Such an approach immediately wins
his confidence and rids him of any impression that he is being used as
a guinea-pig for some nameless experiment. The examination then
continues with biological and psychometric tests and concludes with an
interview in which the essential questions on his way of life (Chapter II)
are skilfully broached in the course of a “programmed conversation”
which avoids giving him the impression that he is undergoing police
questioning.

MORPHOLOGICAL AGEING

Since the first observations made by Quételet (1835), many authors
have described—generally by the cross-sectional method—the modifi-
cations produced by age in the external morphology of the individual.
Among the most thorough studies we might refer in particular to the
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one by Hannesson (1925) on the population of Iceland, the one by
Herskovits (1927) on the American Negro, the one by Takahashi and
Atsumi (1955) on the Japanese, those by Parot (1961) and by Marquer
and Chamla (1961) on the French, and the one by Khosla and Lowe
(1968) on the British.

These studies show that the body features which vary most with
age are the following: stature (Fig. 4), sitting height, breadth of shoulder
and depth of chest. The cephalic diameters, on the other hand, do not
change much. Of course, the considerable and progressive diminution
in standing height that is observed in cross-sectional studies of practi-
cally all contemporary human populations has two causes: the long-term
trend towards an increase in the stature of the youngest generations
and the “settling” of the spinal column in the oldest subjects. Only
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the latter phenomenon is attributable to the ageing process—in this
particular case, to the progressive modification of the protein matrix
of the skeleton and the steady decline in the density of the long bomes
and the vertebrac with age (Broman, Trotter & Peterson, 1958).In
many countries it is possible to obtain information on the standing
height at 20 years of age of male conscripts (or officer cadets), and that
is a useful retrospective reference mark for measuring subsequent
changes in the stature of the persons concerned.

The second category of data that should be collected on the changes
produced by senescence in the external morphology of the individuals
whose biological age is to be estimated relates to the amount (Fig. 5)
and disposition (Fig. 6) of fat deposits. This involves methodically
recording the unclothed weight of the examinees (in the morning on
an empty stomach when the body measurements and blood specimens
for biological tests are taken) and measuring the thickness of the sub-
cutaneous fat layer at a number of points on the body. For this the
radiological method (Garn, 1956) is the most accurate but it cannot
always be used. We therefore prefer, like many authors (Brozek &
Kinzey, 1960), to measure the skinfold thickness with a caliper whose »
faces are kept under constant pressure (the Harpenden caliper developed
by Tanner and Whitehouse, 1955). Note that the correlation between
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the results of the two methods is very high (r=4-0.88; Garn, 1955) and
that the accuracy of the measurements is still greater when they are
always made with the same calipers and (as far as possible) by the same
doctor.

The list of morphological criteria of ageing which have hitherto
proved valuable in practice is accordingly as follows:

* Standing height;

Sitting height;

Biacromial diameter;

Anteroposterior diameter of the thorax
* Weight (kg);
Humeral (triceps) skinfold, combined with measurement of the maximum upper
arm circumference and diameter with the biceps contracted, which—in conjunc-
tion with the measurement of the humeral skinfold—serves as a criterion of mus-
cufar development (Brozek, 1956)
Subscapular skinfold

* Paraumbilical (abdominal) skinfold
Iliac (cristal) skinfold
* Dorsal skinfold of the hand (Ryckewaert et al., 1967)

*

PHYSIOLOGICAL AGEING

It is convenient to distinguish, among all the tests that have been
preposed for measuring the functional involution of the organism,
between three major categories: (q) © global” tests of ageing, designed
to appraise the global decline in the “active protoplasmic mass” of the
individual; (b) routine tests to determine the functional capacity of
certain organs in the subject at rest; and (c) adaptability tests, by which
it is possible to obtain some kind of figure for the “safety margin” of
certain functions.

Global tests of ageing

These are in theory the most interesting, for they should suffice to
enable us to assign an overall “biological age” to each individual by
comparing their results with the established norms for the population
to which the examinee belongs. They are unfortunately few in number
and expensive or delicate to apply on a large scale—which explains the
limited use hitherto made of them.

The most satisfactory is probably the measurement of total body
potassium through gamma ray counting i vivo of the naturally occurring
“K isotope. The method was developed by Anderson & Langham

* These measurements should be taken as a matter of routine in every gerontological survey.
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(1959) and by Allen, Anderson and Langham (1960). The principle
is very simple. It is known, firstly, that about 98 per cent. of the potas-
sium is contained in the living cells—including 60 per cent in the
muscles. Secondly, it has. been shown that total body potassium
content is proportional to the body mass minus bone mineral, fat
and water (M3) derived from the body water (W) according to the
expression M3=(0.276+0.0057)W. Now the changes in total potassium
content during the life cycle are very interesting. During the growth
phase it increases, like M3, at a linear rate over the years. In the adult,
potassium content and M3 content depend both on sex and on age
(Fig. 7). The ratio K/M3 diminishes in proportion to the age of the
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individual and it is always lower in women than in men of comparable
age. This progressive decline in the ratio K/M3 may be interpreted as
corresponding to the diminution observed by morphologists and certain
physiologists (Shock, 1965) in the lean body mass during senescence
(and particularly to muscular involution), this diminution being accom-
panied by an increase in the mass of connective tissue, which has
approximately the same water content as the functional tissue it
replaces. Unfortunately the scintillation counter needed to measure total
body K body content in vivo is an expensive instrument beyond the
means of most medical laboratories. Furthermore, the interpretation
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of the data is far from easy (Myhre and Kessler, 1966; Parot, 1969).

The discovery by Allen, Anderson & Langham (1960) of a high
correlation between basal metabolic rate and total body potassium
content in 17 male subjects aged between 22 and 44 is thus of particular
interest, as it offers a promising alternative (Fig. 8). The basal meta-

FIG. 8. CORRELATION BETWEEN BASAL METABOLIC RATES
AND TOTAL BODY POTASSIUM IN THE SAME INDIVIDUALS
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Adapted, by permission, from Allen, Anderson & Langham (1960).

bolic rate, whose steady decline with age is well known (Fig. 9), may be
taken, in healthy subjects with no clinical sign of thyroid disorder, as
an index of the mass of active protoplasm.

An apparent correlation has also sometimes been found between
lean body mass and the quantity of creatinine excreted per 24 hours,
both in the rat and in the young human subject (Neumaster & Ring,
1965; Tanner et al., 1959). Parot (1965) was, however, unable to find
confirmation of this fact in healthy male sexagenarians and we do not
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FIG. 9. AGE DIFFERENCES IN AVERAGE BASAL METABOLIC RATES
AMONG VARIOUS WHITE * MALE POPULATIONS
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Adapted, by permission, from Shock (1955).

feel that the degree of creatinuria can for the moment be considered
as a valid index of muscle mass in adult and elderly human subjects.

Routine tests

Routine tests sometimes provide, for certain functions at least, a
faithful reflection of the physiological involution of some organs. This
is true in particular of certain simple tests such as:

* Measurement of vital capacity (Fig. 10)

* Measurement of blood pressure (Fig. 11)

* Measurement of muscular strength on the Smedley dynamometer (Fig. 12)
Measurement of ‘the excretion of urinary 17-ketosteroids (Fig. 13)

* Measurement of visual acuity

Measurement of the range of accommodation of the eye lens (Fig. 14), at least

up to 50 years of age

Measurement of critical flicker frequency (Fig. 15)

Dark adaptation test (Fig. 16)

The above tests have been widely used during the various surveys
conducted on man during the past ten years, in particular by Birren et

* These tests are the ones mast frequently emploved.
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FIG. 10. AGE DIFFERENCES
IN VITAL CAPACITY AMONG TWO EUROPEAN POPULATIONS
(PARISIANS AND BRETONS FROM THE VILLAGE OF PLOZEVET)
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Adapted, by permission, from Bourliére, Cendron & Clément (1966f.

al. (1963), Bourliére (1963), Bourliére, Cendron & Clément (1966),
Bourliére, Clément & Parot (1966), Bourliére et al. (1966), Conard
(1960), Dry (1962), Heron & Chown (1967), Hollingsworth, Hashizume
& Jablon (1965), Jalavisto & Makkonen (1963), Verzar (1963), Szafran
(1963, 1968), and others.

One general impression seems to emerge from the results acquired
so far: the scatter of individual results around the average performances
of each age group between 20 and 80 years shows a distinct increase
with age. In other words, within a given population the groups com-

posed of elderly subjects are more heterogenous for a given measurement

than the younger groups. Advancing age thus progressively accentuates
the biological differences between individuals—even in the most privi-
leged social and economic brackets.
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Adaptability tests

These tests have hitherto not been very widely used. Nevertheless
they may be considered particularly interesting as they make possible
an objective appraisal of the reaction of the organism to a given effort
or stress.

An instance of this, in the respiratory field, is maximum breathing
capacity. This test seems to be more sensitive than simple vital capacity

FIG. 11. AGE DIFFERENCES
IN SYSTOLIC BLOOD PRESSURE
OF PARISIANS OF BOTH SEXES
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to training and some environmental factors, For the same age and sex,
the performances of subjects who regularly practise a sport or take
vigorous exercise are, for example, always superior to those of subjects
selected at random.

FIG. 12. AGE DIFFERENCES
IN MUSCULAR STRENGTH ON THE SMEDLEY DYNAMOMETER
OF PARISIANS OF BOTH SEXES
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Adapted, by permission, from Bourli¢re (1963).

The same applies, in the muscular field, to fatigue tests such as the
one conducted by Clément (1961b) with the Charles Henry dynamometer.
With this recording device it is possible to measure the time during which
the subject can maintain a static effort of the hand muscles equal to
one-third (or one-half) of the maximum effort he is found capable of
attaining in the first phase of the examination. :

Another type of dynamic test, by which it is possible to measure
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to training and some environmental factors. For the same age and sex,
the performances of subjects who regularly pract1<e a sport or take
vigorous exercise are, for example, always superior to those of subjects
selected at random.

FIG. 12. AGE DIFFERENCES
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Adapted, by permission, from Bourliére (1963).

The same applies, in the muscular field, to fatigue tests such as the
one conducted by Clément (1961b) with the Charles Henry dynamometer.
With this recording device it is possible to measure the time during which
the subject can maintain a static effort of the hand muscles equal to
one-third (or one-half) of the maximum effort he is found capable of
attaining in the first phase of the examination.

Another type of dynamic test, by which it is possbe, to measure
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objectively the margin of cardiovascular adaptability, is the step-test
standardized by Bourliére et al. (1966) for subjects between 20 and
70 years of age. The authors use a step-ladder with two treads and
22.5 cm risers; the subject goes up and down 12 times per minute for
three minutes, timing his movements by a metronome set at 50 beats
per minute. The heart rhythm is recorded by an electro cardiograph

FIG. 13. AGE DIFFERENCES
IN EXCRETION OF URINARY 17-KETOSTEROIDS
AMONG 200 PARISIAN SCHOOLTEACHERS
(100 MEN AND 100 WOMEN)
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Adapted, by permission, from Dry (1962).

three minutes before the effort, continuously while it is being made,
and during the three minutes which follow. From the tracing a calcu-
lation is then made of the cardiac rate over ten-second periods at regular
intervals, and note is taken of the percentage variations in relation
to the initial rate at rest. An ergometric bicycle (Astrand, 1968) may
also be used and the oxygen consumption measured at the same time.
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Of course, such a study requires previous elimination of all subjects
showing disorders of rhythm or of electrical conduction, clinical signs
of heart or respiratory failure, systolic blood pressure above 180 mm Hg,
or obvious obesity. ;

This same category of examination includes the “overload tests”
of which the one most frequently used in gerontology is the glucose
tolerance test. It involves the slow intravenous injection (three mi-

FIG. 14. AGE DIFFERENCES
IN THE RANGE OF ACCOMMODATION OF 4 000 SUBJECTS
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Adapted, by permission, from Duane (1930) in Friedenwald.

nutes) of C.5 g per kg body weight of a 50 per cent solution of glucose
in water and the collection from the contralateral antecubital vein of
blood samples immediately after the injection of the glucose solution
and then 6, 12, 20, 30, 45 and 60 minutes later. The level of glycaemia
is measured and this gives an index of the degree of hyperglycaemia
induced and the time taken to return to the starting level (Crockford,.
Harbeck & Williams, 1960).
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In all these adaptability tests, the differences among adults and
elderly persons in the scores obtained are much more substantial than
with-most static tests. It is probable that in future the number of such
tests used in geriatric practice will greatly increase.

FIG. 15. AGE DIFFERENCES
IN CRITICAL FLICKER FREQUENCY
FOR THREE LEVELS OF STIMULUS BRIGHTNESS
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i The adaptation gap .between young and old shows up also, in a

| natural manner, in their dissimilar reactions to seasonal changes. This
may affect the seasonal variations in the amount of plasmatic and

i urinary K and Na as well as blood pressure (Henrotte and Bourliere,
1968).
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FIG. 16. EFFECT OF AGE AND OF TWO TYPES OF GLASS
ON DARK ADAPTATION
IN 240 SUBJECTS AGED FROM 16 TO 89 YEARS
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Adapted, by permission, from McFarland et al., in Birren (1959)
The Handbook of Aging and the Individual, Chicago, The University of Chicago Press

The first  step ** at the right-hand end of the curves shows the effect of ordinary
glass and the second that of coloured glass.



CHAPTER 4

PSYCHOLOGICAL TESTS OF AGEING *

The decrease of mental capacities with advancing age has been studied
for the past 50 years or so by a large number of psychologists. In regard
to mental senescence, therefore, we have data covering a much longer
period than in the biological field, and can-thus get a better idea of the
types of tests to be recommended for the research which is the subject
of this report.

The studies to which we refer have brought out, even more clearly
than in the somatic field, two essential points:

(1) The rate of decline and the degree of functional impairment vary
considerably from one person to another, and such differences between
individuals persist even in a population that might have been thought
homogeneous.

(2) The different abilities do not decline at the same rate in a given
individual: the functions related to experience and the utilization of
acquired knowledge resist the assault of time fairly well, whereas those
which depend on capacity for adjustment to new situations show far
greater deterioration with advancing age.

The selection of the tests to be used for the appraisal of “psycholo-
gical age” must therefore take account of this dual phenomenon of
differential ageing. According to Birren (1959), a good instrument for
the measurement of psychological age should theoretically give an index
that takes account of all the age-related changes and summarizes the
position of the individual in a multidimensional space. We must
therefore try to construct a battery of.tests giving information on the
abilities most sensitive to the effects of age, hoping thus to obtain an
indication of the mental skills of the individual, and in particular of
his capacity to adjust to new situations.

* This chapter was written with the help of Mr. J. Poitrenaud, Psychologist at the Claude
Bernard Gerontological Centre. ) .

— 47 __
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There are of course many psychological abilities sensitive to physio-
logical deterioration, and an even greater number of tests designed to
measure them. A choice has therefore to be made. This is not easy
and raises a number of problems regarding the metrological properties
of the tests used and to their calibration.

Various authors, including Foster & Taylor (1920), Willoughby
(1927) and Jones & Conrad (1933), have long since demonstrated that
performances in tests bringing into play the mental abilities required
for solving new problems (e.g. abstract reasoning tests) decline sharply
with age, whereas the results of tests depending on training and expe-
tience (as for example vocabulary and general knowledge tests) show
little change. Hence the general practice has been to use, for the
appraisal of mental ageing, tests whose results are intended to measure
mental abilities independently of acquired knowledge. Many such
tests have provided evidence of the decline of abilities with advancing
age.

The results of various studies seem to show that the tests most
sensitive to physiological ageing are also the ones most affected by
pathological deteriorations due to degenerative or vascular cerebral
lesions. This is perhaps an argument in favour of those who incline
towards the view that the difference between the two is only one of
degree, and that the decline in mental performances that occurs as apart
of normal ageing is due to a succession of minor organic impairments.
Be that as it may, it is a good practical reason for selecting the tests
that are most sensitive to pathological deterioration, i.e. those enabling
us to diagnose as early as possible even minor impairments of the brain
function.

Among the tests meeting this criterion, we may distinguish between:
— “General factor” tests and |

— Tests measuring more specific aptitudes such as learning capacity,
memory, capacity for spatial structuration and integration
of visual data, and faculties of attention and concentration.

“General factor” tests get their name from the fact that they are
supposed to provide the best measurement of that factor which has been
shown by factorial analysis techniques to be common to all mental
operations, and which has often been identified (perhaps wrongly)
with general intelligence. These tests, which in fact measure the higher
faculties of abstraction and synthesis, are found to be most particularly
sensitive to ageing where they use non-verbal material or require the
examinee to perform certain manual operations (performance tests).
Examples are the Kohs block tests, the D.48 test developed by Pichot




THE ASSESSMENT OF BIOLOGICAL AGE IN MAN 49

{1939) from Anstey’s dominoes test, and Raven’s progressive matrices
{P.M. 38) test (1938). At the Claude Bernard Gerontological Centre
we use this last test, which has the advantage of being correctly cali-
orated for different mental levels from 7 te 70 vears of age. P.M.38
is a test of abstract reasoning by analogy, consisting of five series of
items of increasing difficulty. The scores obtained in it decline steadily
with age (Fig. 17), the fall being more marked for the lower mental
fevels.

FIG. 17. AGE DIFFERENCES
IN PERFORMANCES IN RAVEN'S TEST (PM 38)

Score

Adapted, by permission, from Raven (1938).

Though it is not a “general factor” test in the strict sense, we may
also mention Wechsler’s intelligence scale (1944). This test, designed
1o measure the general intelligence of the adult, is a composite scale
composed of various sub-tests more or less sensitive to the effects of
age. Calibrated on several thousand individuals, it reveals, particu-
larly in its non-verbal part. a mcre or less linear decline in mental
efficiency with advancing years. However, being partly composed of
sub-tests which reflect experience and acquired knowledge, the scale
as a whole is less sensitive to physiological deterioration than the above-
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mentionad fests. it should be notad, oa the other hand, that Wechsier's
mzelligence scale has the advantage of being calibrated for a number of
countries and has made it possible to show the closely parallel course
taken by mental senescence in individuals from widely different cultural
bacicgrounds (N & Hsiao, 1958, Fig. 18).

FIG, 18. AGE DIFFERENCES
IN PERFORMANCES ON THE INTELLIGENCE SCALE

AMONG THREE FEURO-AMERICAN POPULATIONS
{JONES & CONRAD; MILES; WECHSLER)
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Adapted, by permission, from Ni & Hsiao (1958).

The tests that measure learning abilities, such as the digit-symboi
tests or some short-term memory tests, may perhaps be found even more

sensitive to the effects of age and pathological deterioration than are

“general factor” tests. The use of digit-spmbol tests is of very long
standing and their results are among the best substantiated. In this
type of test, the subject is given a fixed time in which to associate certain
symbols with others. The score obtained gives. reliable information
on mental plasticity, an important requirement for adjustment to new
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situations. Many authors have produced concordant evidence that the
digit-symbol tests are probably the most sensitive to the effects of age
(Fig.19). Inany case, in the Wechsler intelligence scale, the digit-symbol
sub-test is the one which shows the most marked performance decline.

FIG. 19. AGE DIFFERENCES
IN PERFORMANCES IN CLEMENT’S DIGIT-CODING TEST
DATA FROM THE LIVERPOOL STUDY

100 - Men 100 — Women
90 - 90
80 80+
il
S 0 0+
60 - Y 60—
—— Speeded . == Speeded \
EL — Unspeeded S U Unspeeded \
40 | J i l L1 40 L ! [ )
20 30 40 50 60 70 20 36 40 50 60 70
¥ 00090 ° Age groups Age groups

Adapted, by permission, from Heron & Chown (1967)
Age and function, London, Churchill,

The difference in performances between “ speeded > and * unspeeded ** subjects
tends to decrease with age.

The value of memory tests in the appraisal of the senile decline of
mental capacities is universally recognized. Incidentally, we may note
that the term “memory test” is not really correct: what is generally
meant is tests of immediate recall, which measure the ability to form and
integrate new associations rather than retention proper. From -this
point of view, therefore, they are in fact learning tests. However, we
may keep the traditional term as it is convenient and hallowed by usage.
There are a number of different kinds of memory test: according to
whether the material used has an auditory or a visual basis, we may
distinguish, for example, the word-series memorization test, the story
memorization tests, the word-pair memorization test, various visual
retention tests, etc. ‘

Comparing various tests of mental efficiency, Gilbert (1935) showed
that the falling-off (expressed as a percentage) in the performances of
the oldest subjects compared with those of the youngest was most
pronounced in the case of a test of retention of paired elements. Delay,
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Pichot & Perse (1955) found for their part that a test of that type was
among the best for the detection of pathological deterioration. Our
own experience points to similar comnclusions and we believe that this
is probably due to the fact that these tests relate to functions which are
the first to be affected in the case of even slight impairment of the brain
functions.

The value of visual perception tests is based on similar considerations.
A large number of studies (Goldstein, 1939; Cronholm, 1950; Teuber,
1958) have provided evidence that even minor cerebral lesions may
cause major disturbances of visual perception. Furthermore, Teuber
(1958) has shown that such disturbances are not found only in the case
of specific involvement of the occipital areas, but may occur whatever
the site of the lesion. Hence the value of tests depending on that mode
of perception for determining whether the brain is intact. Such tests
generally involve either the rapid recognition or location of stimuli
(tachistoscopic tests, for example) or the immediate recall of drawings
or designs (as in the Benton visual retention test), or the organization
and structuration of complex or unorganized material (as in the Rey
complex design test or the Rorschach test). This last-named test, which
is traditionally classified among the so-called personality tests in so far
as it uses projective methods, but which is first and foremost a test of
visual perception, is of great value for the diagnosis of organic brain
disease, particularly in the case of chronic and diffuse conditions (arte-
riosclerosis, degenerative processes). In a validation experiment Fisher,
Gonda & Little (1955) showed that, in this field, the Rorschach test has
a predictive value slightly higher than that of the best neurological tests.
At the same time it has been shown that normal old people tend in
this test to display signs of organic disorder similar to those shown
Dy younger individuals suffering from cerebral lesions.

It 1s probably because it is both a memory test and a test of visual
perception that the Benton visual retention test (1952) has won a privi-
leged place in this field. Specifically, it is a test of immediate recall of
drawings that the subject has to reproduce after looking at them for a
moment. The reproductions are graded from the point of view of
quantity and quality, the latter aspect being the more interesting as it
may contribute to the positive diagnosis of organic brain disease. By
comparing performances of normal subjects with those of patients with
organic disorders, Benton was able to draw up a list of errors charac-
teristic of individuals suffering from brain lesions but hardly ever made
by persons whose brain is undamaged. Poitrenaud and Clément (1965)
recently calibrated this test for elderly subjects of different cultural levels
(Fig. 20). From a quantitative point of view the results show a steady
decline with age, most pronounced in females over 60 years of age.
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FIG. 20. DIFFERENCES AS A FUNCTION OF AGE,
SEX AND MENTAL LEVEL
IN THE AVERAGE NUMERICAL SCORE OBTAINED
IN THE BENTON VISUAL RETENTION TEST
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Adapted, by permission, from Poitrenaud & Clément (1965).

. FIG. 21. AGE TRENDS
IN RELATIVE PERCENTAGES OF ERRORS
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Qualitatively, the percentage of clinically normal individuals producing
errors of the “organic™ type increases slightly with age up to 60 and then
rises rather steeply, reaching 25 per cent. and over in the oldest indivi-
dual (Fig. 21).

The faculties of attention and concentration seem to be particularly
affected by age. Such, at any rate, was the finding of Pacaud, using
concentrated attention and diffused attention tests. The involution curves
obtained show a relatively early decline which then seems to accelerate
with the passing vears.

Though it is a physiological rather than a psycholo gical test, we shall
conclude by saying a few words about measurement of reaction time—the
speed of reaction to stimuli from the external world representing, in
the elderly individual, an important factor in adjustment to new situa-
tions. There exist various techniques of measurement depending on
the sensory system brought into play. Clément (1962a) uses the measure-
ment of simple reaction time to a visual stimulus. From the results
obtained, two indices are established for each individual: the mean and

FIG. 22. AGE DIFFERENCES IN AVERAGE REACTION TIME
TO A VISUAL STIMULUS IN A PARISIAN POPULATION
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Adapted, by permission, from Clément (1962a).

the standard deviation, the second being perhaps the more interesting
1n so far as it provides indications of the individual’s capacity for atten-
tion and concentration. Performances in this test (Fig. 22) deteriorate
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appreciably with age. The decline is of the order of 25 per cent. between
25 and 80 years of age and then becomes much more pronounced.
There is, however, considerable overlapping of results between the
different age groups and this limits the value of the test in individual
diagnosis. Nevertheless, a result deviating very widely in the patho-
logical direction (particularly with regard to the standard deviation)
seems to have high predictive value in the assessment of deterioration.

It will no doubt be noted that in this analysis we have spoken almost
exclusively of tests of mental efficiency. However, it seems likely that
ageing also entails character and emotional changes which it might be
interesting to assess. Unfortunately, it would seem that the results
of so-called personality tests, which are supposed to measure those changes,
are for the time being far less valid and far less well established than the
results of aptitude tests. This is probably due in part to the fact that
in the field of emotions and character the variability of results between
individuals.is far greater than the variability due to age. The data
accumulated by various authors using a standard personality question-
naire—the Minnesota Multiphasic Personality Inventory (MMPI)—
actually show little difference between young and elderly individuals.
All that is generally found is a slight increase in depressive tendencies
and in introversion with advancing age. Using the results of this test
Brozek (1955) nevertheless constructed an “ageing scale”, but we have
little information regarding its validity. With the Rorschach test
(mentioned above) some authors have discovered similar modifications,
which are reflected in a narrowing of the relational field and a shrinking
of the sphere of interests.

It is possible, however, that the slightness of the changes observed
with advancing age merely reflects the low sensitivity of measuring in-
struments which were not designed to assess the effects of ageing. Even
if we had more satisfactory instruments, however, any changes observed
would still be difficult to interpret, in so far as it would be impossible to
assess accurately the respective parts played in their causation by mental
impairment and by changes in the social environment.

We have made no attempt in this short chapter to draw up an
exhaustive list of tests sensitive to the effects of age. We have merely
described, from the results of various studies and our own experience,
the type of tests which might be suitable for inclusion in a battery
designed for the assessment of “psychological age”, the validation of
that battery remaining, of course, to be accomplished through its
application in practice.



CHAPTER 5

APPRAISAL OF STATE OF HEALTH

In order to interpret correctly the results of the tests discussed in
the two previous chapters, the gerontologist must have at his disposal
a set of precise data on the state of health of each of the individuals
he is studying. Tt is from a comparison of the individual performances
with the manner of life on the one hand and the occurence of certain
diseases on the other hand that will finally emerge valuable indications
regarding the probable causes of many differential ageing phenomena.
It will then be for the experimentalists to determine the validity of the
explanatory hypotheses arrived at by the epidemiologists and finally
to discover the mechanisms involved.

" The collection of objective and subjective data by which to evaluate
the individual’s state of health may be undertaken in two complementary
ways: by interview, and by clinical examination supplemented by certain
laboratory tests. We shall consider in turn these two phases of the
gerontological survey, stressing a number of special features (or diffi-
culties) inherent in the study of a large sample of elderly adults the
majority of whom consider themselves in good health.

THE MEDICAL INTERVIEW IN GERONTOLOGICAL SURVEYS

The purpose of the interview should be not only to collect a large
number of positive and negative data on the current state of health
of each of the individuals involved in the survey, but also to obtain
information on their family and personal backgrounds. The abundance
and variety of the data to be collected make it indispensable to use a
questionnaire carefully drawn up in advance; it may either be filled
in by the subjects themselves, or simply serve as a guide for the doctor
conducting the survey so as to ensure that he forgets nothing during
his questioning.

One questionnaire we may mention as an example is the Cornell
Medical Index, developed by Brodman et al. (1949), and widely used
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in the United States for gerontological surveys (Monroe et al., 1965).
It consists of 195 simply worded questions to which the individual
examined answers yes or no. The questions relate not only to any
symptoms the subject may be feeling, but also to his personal and
family background and to his behaviour. Separate questionnaires are
prepared for each sex.

We cannot here discuss in detail all the questions it is desirable
to put in the course of such an interview. We shall confine ourselves
to stressing a number of points of particular gerontological interest.

Family background

It is important to ask at the very least the ages and causes of death
of the father and mother of every person examined. Wherever possible
an effort should also be made to obtain the same information for the
two paternal and two maternal grandparents.

The age of the mother at the birth of the interviewee should be
carefully noted.

The same applies to the number, sex and order of birth of the brothers
and sisters of the person being examined. He should always be asked
whether there have been any stillbirths or deaths in childhood, any
persons hospitalized for psychiatric reasons, or any deaths by suicide
among his collaterals or ancestors. Experience shows that the subjects
or their families often tend not to mention such background facts spon-
taneously. The same care should, of course, be taken to determine
the causes of death of any deceased collaterals as in the case of direct
ancestors.

Personal background

Certain features are of particular interest in relation to the problems
we are considering. They include, for example, the age of sexual
maturity, and the duration and characteristics of the reproductive
period of the life cycle in women. An endeavour should be made to
discover the age at which the first period occurred, the age of marriage,
the number and sex of surviving children, the number of miscarriages
and stillbirths, the regularity or otherwise of periods, and finally the
age at which the menopause occurred if the person being questioned
is over 50 years of age.

The conditions under which examinees spent their childhood is also
of some interest; doctors all too often confine themselves to noting the
ages at which common children’s diseases occurred, when they should
rather be taking an interest in the conditions of family life, the occur-
rence of any psychological traumas, or early difficulties in social adjust-
ment.



