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Anyone ashed to writce 300U wvords on the phencmena of
humas ;roth L3 likely 4o have @ nishtmare during which the
immense portions he has left cut WllL be chasiny him up and
down velocity upd weeelerabion curves. Inerefore this paper
will bo limited to specific proo]hms Jncludlub Dotent1¢lly
procuctive relationsiips i :twveen hunan growth and the
disciplines of ov1d~m101ouy and prev>nt1ve medicine.

I shall net regort in detail what a pediafriciun aoes
every tiamc he seces on infant or Chlld on the first occasion -
thot is, e places dae individual Jainst the wiole backround
of norunl un351chi, intellectual uad socinl srowtvh variable
cxpechtancies with thels disty ibuticns. Yc¢ remind oneself eof
this baclzround, ineluaing such deteils as dentul growth and
speech growuiil, Olie IV counsult any wvell written textbook such
as welson's Fediatrics. Jor is it my intentioa to discuss the
vast fields of congenitel dofcct;, including the newly
discovercd metebolic diseases and tie intere%ting possibility
thot thalidumide wwy act ¢s an lmeucosuppressive, nor the
endocrine disordeis, although the glands of internal secre etion
arc a chief way in which huroa11v and cnvironmental factors
couse variobility ound disorders in growin and development.

I shall discnss some mebhodclogical issues and will then
concern mysclf with relationsliips between huann growth and the
environment witl some fuvrthex comment on methods., It has no
pretensions to bein, universal. The mzthodoloyicul problems
will be those which the wutbo. has perceived uas being sensitive
areas rcquiring o iuller nusderstanaing, or aa lmplovument in
approach, for oettur uhll isubtion; these will include
consideration of stability in veriublis, reliubility, the
concents ol biole.ical cud skeletul ace, tne cross-sectional
and longitudinal JPPTOuCuuﬁ and proulvms in mensurin,: change.
dnvironmental influcnce on groviti will ianclude ¢ffects of
adversc CLrcuwmsuiinees, catcu«up srowth, the sccular change,
some sex differences and some geographical differences.
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Stable Variables

Given the difficulties of measuring the whole person,
obscervers have chosen clearly defined growtbh variables which
may be followed from bixth or cven conception until maturity
through decline until death.

A stable variable is one which not only demonstrates
regular onward progression but is also churacterised by a high
correlation between measirements at ditffercot points in time.
One might chsose r = VU.5) as o ainimum requirement, though
this may varr according to the length of time and repidity of
growth. Suca a variable is body height waich reaches wature
levels before the age of twenty and waere tiuore is little
subscquent decline through old age. oody heiht has already
reached 50% of maturc levels by age threc wid thiere is then a
0.76 correclation with height av z>turity. This is in contrast
to body weight waicl does not receh 50 of mature development
until age 1V (correlation with maturity 0.70) and streagth
which reaches the 50% level by age 12 {0.73 correlation with
maturity). (sloom, 1904). Tais carly high correlation of the
variable hei_ht means that fairly accurate vredictions of final
height are feasible from mid childhood and in fact tables have
bocn devised (Dayley and Pinneau, 1952); bone equations which
form the basis of tnese tables incorporate the variczhble of
skcletal age, represeating biological maturity, which 1is
interwoven with patterns of development towards final height.
fHeight pirediction is important fox ome occupational group -
ballet dancers, who must know by age 9 within witat linits
their mature height will be. eight prediction woutd be of
sreater import to practitioners of preventive medicine but
fthis would not be possible until a much later age {at least
pr@puberty) and is bedevilled by thie instability of tue fat
component in the total variable body weight. It is a difficult
problem which, however, may yvet be solved by separating out
the weight components and usin, such foctoes as foily
patterns, previous fat levels aund their fluctuations and
cultural and psychologici:l characteristics.

Reliability

The problems of reliability involved in measurin; other
stable variables (e, iatelligenco) arc a9t so appevent for
body height yet even hLere consideruble crrors may be introduced
bv the chan,e from reclining bodv lenigt: 1o standing bod

_b ; & oTEe : to
hei.iht, by not measuring always at iue st tiwe ol the do
N ¢ =l . 2 : e a4y
(h:izht may diwinish appreciably in a subject during the
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course of a day of strnding) or by net taking into azcount

seasona] variatica (the averafe velocity durJn' the months
of morch, April and may is 2- 2 times tntt in oept mber,
October and \OV<nbex)(Lanner, 1904) srrors may also be

introduced by inconstuncy in the motivation to sband truly
erect with tite head in a constuunt position and by the
instrumint its.if - the type ot sliding adjustable headpiece
attached wo the usual precision bulauce may have an error of
up to 2 cm -~ und the ineviteble recording errors especially
when the obierver himself must write down the findinzgs (Garn
and Shomir, 1U53). A 12liable method is one whick employs a
Martin anthropometer or similer instrument with a standard
posiiion.

Biolouvical versus chironological age

At the tine oi puberty the variability or height increases
markedly. Correlations with mature height decrease during
this period. fwo boys of the same aze but of dlfferlng
maturational levels may differ by as “much as 20 cm in height
and 20 kg in U‘lgnt (voutourline Young, 1963). Conversely
individucls differiag as much as two years in chironological
ege may be sxm1lar in most boay measurements Use of the
concept of puvercl {Greulich et al.,, 1942; uchonfeld, 1943) or
biological age reduces this variability and presents norms
against which ph)sicians acy interpret gyrowth phenomena with
the sane precision as before vuberty. ruberal age mmay be
quickly and rcliably measured by rating and combination of the
three variables testlcular volume, pubic and axillary hair and
1ts calculation is essential in many cliuical 51tuab10ns, for

example, if one must interpret a haemoglobin level in a male
during the course of puberty (soutourliirne Youny, 1962). ‘The
uscefulness of this concept at puberty provokes thougnt as to
vhether an anclogous measure mizht not be developed for old
age, usiug for ceXauple degrees of senile osteoporosis or
amount of collagen per unit area of siin (we.d., 1965), as
well as olhexr puysical and psycihological variables.

To illustirate tie usefulness of the concept, in fig. 1
I have plotted iacrements in fat and muscle against puberal
age in adolescent male subjects from our own research. Of
interest is tue rise in muscle and dip in fat increments at
mid puberty when the androgenic effect is maximal.


http:collag.en
http:individu-I.ii

Skeletal ape

rlaturation is also reflected in bone developuent.
Skeletal ege is correlated highly with "puberal age" and has
the added advantage of identifying early und late developers
even during the lon; preceding peciod ol chilanood, thus
malking height prediction feesible as well as being of
inestimable help in the identification of growih disorders.
Clinically the method of ureulich and Pyle {1950) has been
most used, whereas for research parposes there has been more
recent use of scales which give o weighting to differcent hones
in the hand and wrist (fanner aual winitechouse, 1959; Tanner et
al., 1962). <rable 1 presents corrclation of some growth
phenomena with skeletal age as estimated (a) by treulich aad
ryle (b) by Tanner whitehouse (¢) leng bones (dj carpus alone.
In this table on' may sece further evidence that the Tanner
Whitehouse method does in fact increase precision. .nwever, in
view of the extra time involved, the Groeulich ryle
interpretation, possibly in an improved version, may well
suffice for ordinary clinical use. Of great interest is the
relatively smaller value ceontributed by the earpsal bones to
the overall picture. 7This has already been poiated out by
scheson {acheson et al., 1964} whose own work {acheson, 1957)
preceded that of Tanner.

The cross-—scctional or longitudinal approaches

Thus enjoined to find out lhow much the environment may
affect individuel human variables, to identify the environmental
factors and then tc manipulate them, the researci worker mast
make some decisions. ‘The first is the approach. <Should this
be cross—sectional or lonzitudinal. Th~ cdvantayes and
disadvantages are well known. It is assumed that both types
of sample are well chosen. Tie cross-sactional (normative)
approach promises less grief in that tle holdalag ol subjocets
in a longitudinal study is a masocaistic exorcise lor the
principal investigator. wowever, to obiain cquol nrecision in
the estimcties of increments in Lieigint, whore the correlation
from one peviod of time to another is of the order of 0.9, o
cross-secticnal sample of ten times tae number vould be
required (iodlin and Thompsca, 1953). 4 cost precision index
may thus be calculated. If, however, it is important to
estimate ccceleration or to calculate correclations with later
states then there is no subscitution for the longituainal
approach. The dangers implicit in retrospective datu are also
much less. In a recent study we were able to follow a hundred
girls through menmarche. After some years there was a follow up



study concerned with menstrual disorders. In this study the
girls were asked to state the precise age at menarche. ' There
was it eppreciuble error cf recell related to the time elapsed
since the event (Boutcurline Young et al., 1963).

It seems likely that some future longitudinal studies ™
will be broken down into smaller time sequences. Observations
on the age periods: coaccepition — 4, 4 ~9, 9 - 14, 14 - 19
years nay b2 donc at the same time on different but comparable
samples;  thus ine first 19 years and 9 months of development

may be opserved in a #iwve or six ycar period.

A

of meisiriogp chan e in paycholowical data

Probler:

Difficultics in the manipulation of increments in
psychological data arise in several major ways. One difficulty
is that the hi_.her the cerrelation between a first and a
subsequent observation, the lower is the reliability of the
differcence. it the same time the lower the correlation
between two tests the less they may measure thce same
charzelsristics. 4another is doubts about the validity of the
assumption tnat equal score caaa/;es at various points on &
scale account for equal chanzes in the characteristic.
pereiter, Lord ana others (1963) nave discussed these and
other problems anu proposed some solutions.

iMffects of snvironnent

Growth in hei:zht

tiaximum height velocity is reached about the fourth
jintreuterine montn and the negatively accelerated extrauterine
curve continues until prepuberty wien there is another period
of positive accelcration, The cnildhood curve may be expressed
as L = a + bt + ¢ log v {L = heigut, t = age) (fanner, 1963)
pad the puberal period perhaps best (weming, 1957} by the
Gompertz curve, a skewed shaped exponential.

Illuess, cndocrine Gisorders and malnutrition may
interfere with growtnn. While saort tera influences may have no
permanent eifcct, nore severe or lonz lasting insults may cause
marked retardation from which however there is a rebound
phenovienon upon relief from the unfavourable circumstances.
This j.henomenon s lnown as 'catcii-up growth' during which
heigiht veloeity mey reach over twice tiae average to be
expocled at the age in question (Tanner, 1963), although the
originally predicted levels may never be attained. Tanner has
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pointed out that tae catcli-up phenomcnon at birth appears to
be a principal mcchanism in tiae maintenance of variability in
adult size. as a result of control of body leagth by uterine
factors the correlation with mature body heignt is only .2 at
birth but increases to almost .7 at 2 years (ruddenbam and
Snyder, 1954).

Since most illnesses do not last loug, the catch-up
mechanism ensures that most effects vn growil ave uot
recognizable in the long run. weports of grouth impairment
in association with moderate illness or repeatud illinesses
leave some coubt os to the cuose, as mostly it is difficult
to assess otiner envirommental influences as well as genctiz
factors (miller et al., 1960). ilowever, severe chrouic
illness such as anaemia or nephrosis iy cause persianant
growth impairment although much remains to be learnt rezarding
the specific mechaanisus involved. For examnnle, in severe '
congenital heart disease impairment in height s related to
degree of cyanosgis and thus presumably the degree of anoxia 1is
involved (Campbell and eynolds, 19-49). fhere is some
evidence that psycliological disorders may clgo intertere with
physical growth (widdowson, 1951; Zatton and uardner, 1963)
althouzh the mecnanisms hiave yet to be undersioods acacson
(1960) has receatly sumaarized pertinent worlk by himsclf aund
others where growth is related to illaess or poor environuental
conditions.

Physicians are frequently asled to retard the growth of
tall girls. attempts to achieve this by tihe use ol estrogens
have not been effcctive (sayley et al., 1962). although the
estrogens increased to a marked degree the rate of shkeletal
maturation, the final height dia aot differ significantly from
that predicted. <The girls grew aore in a shorter time.

. Late developers are sometimes brou,ut for an opinion &s
'to possible endocrine therapy. ..y owi unit sos records en lUd
boys trealcod elsewacere with chorionic onacoiro.ins. Lhere is
no evideace that this therapy caused auy incroase in Jinat
height but it did appear to be associuted with some
psychosomatic disorders.

“The secular chan.c in physical measurcs

In western cultures adults are taller aud heavier tlhea
they were a hundred years ;0. .ill are Soic 1u cm taller and
from 5 - 10 kg heavier (lanucr, 1962). omen have also become
taller althoush in certair cultures (e.,. the vaited Stales
they have become lighter in relation to their height in +he
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past 50 years. The average American woman of 25 years has now
become 6lLs lighter; ianstecad the american male has become
heavier (:ociety of sctuaries, 1959). 1In a typical western
society tae exvectation of life from birth to 70 is ,reater
Tor females than it is for males and the differeantial has
increased marikedly in tihe past thirty years. .ow much of this
ney be associoted witnh weight differences is not linown.

The timing of pbyvsical maturity at adolescence is also
changing. 1In westes.. wurope over the past 1UJU years menarche

has beea occurring - .»22 montiis cariier cach decade (vanner,
1962, Thers 1s ac<in.anying earlier maturation in males. The

lack of zignificant caanges over orne generation in a well-
nouristed mac:ican group (aacCammon, 1965) susgests that there
is a limit to tihe sccular chiange and indeced it is possible to
calculate this, at Jleust insofar as mature height is coucerned.

The evidence on identical twins reared together as well as
reared apart suggests that about 90% of the variaunce in height
may be attrituted to hereditary factors. 7The remaining
approximate 10% will be determined by the environment. sloom
(1964) has calculated that abundant - deprived environments
may cause neight differences as f{ollows: conception - 3 years
5¢4%, 3 - 12 years 3.2/, 12 - 18 years 1.45%. In animal
experiments ricCay (micCay et al., 1935; ucCay et al., 1939) has
demonstrated variacion in body lenpth by mecans of restricted
dicts of up to 18,0 and in fact agricultural research
stetisticians linow well that by special feedings at appropriate
grewtih periods it 1s possible, witiain certain limits, to
producce animals 1n specified combinations of bone, muscle and
fat, as a matter of intercst, in wmcCay's experi.aents the
fer:les resisted the unfavourable environment better and in
generai nutritionally deprived animals lived loazer. The
effects of undernutrition on length of life in rats nhas been
discussed by Moss in wicl and sodily Constitution (Wolstenholme
anc¢ U'Connor, 1964), deriving froam the Ciba ivuadation study
Greap wo.l7. This book 1s also a source oi much other thought
provoking information. i'rom the wei ht of evidence available
it wust be luferrea that thie environment exerts its greatest
-influence duringy the period ol most rapid growth and that the
secular change 15 most likely associated with better nutrition
and ciuild care, althouyh it caimrot be excludea that a small

art of the increase Lua aault hei ht 1s due to heterosis
%hulse, 1969+ In our own stuuies when mother daughter pairs
were considered, the greatest decline in thic age of menarche’
was found in families wio had moveo rapidly upwards in the
social scale (Joutourline Youaj; et al., 1963).
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Further sex differecnces

A further exauple of male vulnerability is the course of
growth in Japanese chil--an exposed to atomis radiation
following atomic bombiv .,  Uwo years folloving exposure boys
were significanlly wore retarded <than Hirls in skeletal age.
In children who received accilratal radiation in the marshall
Islands, when observations wese sade after an interval of two
years, the growth in height of girls was unaffected while boys

were five centimeters smaller ‘“han expected.,

On the Lasis of relotic <lips between the intelligences

and social aud emoticnsl Y:i:viors of mother and child, dayloy
(1963) has hypothesic:y i in infancy males ave move affected
than females by certu’i. ¢+ -snmental factors in intellectual

and emotional aspects of srowth.

Geographical differen 23 in prowth

French and British siudies in Africa (Dean, 1962) have
shown that African infants do not differ greatly in their mean
lengths and weights from current american standards. However,
by one ycar of age they were not making the same progress and
by the age of three wero markedly behind. These changes have.
been ascribed to undernutrition and there is evidence that this is
at least partly truc % a »ecent paper reporting growth curves
of healthy middle ci.sz “:penda children shows a councavity in
bcth heigh* and weighit cuivcs between 12 and 40 months
(Rutishauvr.z, 1965). lurti:r work is necessary to dctermine
if the grurlh curve is genetlcally different [Lrom Uritish and
American «’ lldren, which seecmns unlikely, or if soime essential
nutrient :: not available or effective despite the satisfactory
economic I rcumnstances. Catch-up growth subsequently occurs,
as by 50 nmicatns the African children have e ain, returned to
the British growth curve.

It is of interest thal conditions of scevere nutritional
adversity such as occurred in :olland durin-c 19-44-1945 may
actually affect the weiyht of the foetus. . veight recuction
of 240 gr occurred in new born infants durii.: this period.

A recent advance in the identification of the relative
parts played by calorie and protein deficicney in stubes of
undernutrition has been made by the use ol tuc hydroxyproline/
creatinine ratio in the urine as an index of nutrition.l status
and rate of growth (vhitehead, 1965).
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Growth in other than phy=ical varisbles

Intelligence has alroudy been mentioued as a stavble
variable, that is, auripy bhoalthy development it 1is not
readily reversihle, 2y are two the correlation with the
findinss at age 17 has alreoedy reacaed <41, by age 4 it
reaches .79, by cre 11 it is .92 {2 yley, 1949). ionzik (1957)
has shown that ondopted chiliren, acs they develop, correclate
progresoively more highly vith their re¢al pareats and less
vith ohivie adeptel oncs. lovever, it has been asemonstrated
(anaswiesi, 19538) ~hat identical tvins reered in dissimilar
environronts way differ by as auch 25 20 I.y. points and bloom
(1964) iias hypooehesized viiis as 10,0,4 respecizvely for the
periods birth - 4 years, « - 8 years, & - 17 ycars. There
seems liitle doubt tvhat the developuent of intclligence is to
some ecxtent rclated to the eaviromment, especioelly in the first
years of life, alwuough other workers (Burt, 1958; Shields,
1962) do not give as much imvortance to the environment as
Bloom. iHowever, uanta from the Fels Study (iugan and Moss,
1959) indieate thet maternzl educavion may be an important
factor in promoting a chiid's I.¢. score. In contrest to the
findings with rezard to height, there is pow evidence that
under iavourable circumstaonces intellisence, aund in particular
its vertai asposic, may shew slow positive development until
age 50 (Layley, 1%35). already twenty years ago it had been
demonstrated in =ngziand {(daven, 1948) thet in individuals with
high initial levels there wag little if any deterioration in
performance in verbal intelligence scores until age 60.

Just as body heighlt was chosen here as an example of a2
stable physical growth variable, so performance on reliable
intelliycnce tests was cited in respect of psychic development.
Other behavioral measures such as achievement scores and
personality essessments could have been cited; +these have been
well described by sloom (1964). .

Relationships between vericbhles

Individual variatlions in I.9., score durin, a longitudinal
study heve been reporied by Sontuy and colleapues who showed
‘relationchips betwcen neasures of need to achieve and chenges
in intellectual performance in the years up to ten (Sontag et
alo, 1958)- :

It has been demoastrated thet there is a positive
cecrrelation between hieight and inteliligence {sShuttleworth,
1949; Scottish Council for Jdescerch in wducwtion, 1953). As
there is also a social class correlation with both height and
intelligence, in that boih increase projressively towvards the
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more privileged end of the social spectrum, it was thouzht that
the explanation lay there. However, in a recent paper by
bouglas (Uouglas et al., 1965 it aprears that neither sex,
social class, family size nor phase of puberty cun be advanced
as an explanation. The reason must still be sought,

The epnvironmenlt and its measurement

~Bloom (1964) has shown that the use or the varioble
"environment" markedly increases precision in the estimetes of
meture status of a human chava<teristic, “his implies that in
‘equations woere i1t is Kknown wiat a human characteristic should
be under favourable circumstainces one may colve for the voriable
environment aud this = .7 prove of real valiu: [or underdeveloped
countries in calculati:ns of necessary ecoromic inputls,
assuming that the wellare of the people is a central issue.

It..is plain that a major difficulty in the biclogical and
even more in the bebevioral sciences has been measurement of -
the environment., itelationships between social class and :
intelligence have been knowin for some time (ilavighurst and
Janke, 1944) and some features of this have been emphasized
(Boutouriine ioung et al., 1962), but social class wmoy be a
relotively crude measure. 7There is evideuce that the limited
variability in intelligence scores apportioned to cavironment
is related chiefly to a specific education factor in the home.
(Newman et al., 1937). This factor is related to stimulation
for verbal development, the extent to which there is reward- .
for verbal reasoning skills and reinforcement for a wide degree
of problem solving. '

Bayley (1965) has recently reported results of mental and
motor tecuing from 1-15 months to what appeor to be jcod ‘
samples of negro aund white infaats and to a smaller sommnle of
Puerto itican babies. There were no differences in meatal
scores up to the age of 15 months. This conirests with
repeated reports of considerable divlerences between Lhese
groups from the age of 4. 1t is clcar thav the period from 15
months to 4 years is very important for devclopment of meatal
functions and further investigation of the envirom:»nt is an
obvious next step. -

In the biclogical scicnces a smell experviiment ol cur own
has shown that holding good overall health care constant, the
administration of meats in substitute for carbohydrates to the
randomly chosen experimental subject of paired infants will
gignificantly increase body lensth during the period 5 ~ 8
months and also for the pcriod 9 - 12 menths althouzh to a
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lesser degree in the second of the two periods (Boutourline
Young et al., 1957). This reinforced our belief that the
period of most rapid somatic growth is most susceptible to
environmental inflluence.

It is clear that there is need to identify environmental
variables closely related to human growth characteristics and
to develop metiiods to mecasure them.

This paper has coniined itself to aspects of growth and
the environment wvinich particularly interest the author. a
host oi proble, - such as relationshi~s between both body build

and sex with mruiration rate have been deliberately omitted.
The choice of topics nas been the areas which have appeared
"sensitive" - tuzat is, open to good progress with well directed

researci attaclis. The paper has sougiit to define in selected
characteristics the proportion of variability determined by
heredity end environment and from then on explored ways in
which human growth variables, both physical and mental, may be
related to specific eavironwental factors. 1t is hoped that
such recsearch efforts will not oanly point the way to control
and rcumedy of disease and deficiency disorders, but also assist
in obtaining for the ordinary person the development of his or
her full potential.

I am indebted to my colleagues Richard Jessor, Gino Tesi,
James L. Whitteunberger and islizabeth Boutourline Young fer their
coastructive criticisms and to The Grant roundation of New York
foir the major financinl support of this unit.
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Intercorrelations of some growth variables, measures of biological maturity and skcletal age
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