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I. INTRODUCTION
) The future. of developing conntr:.es lies to a large extent in
'hhe education that cah be provided for their children, It 1s gelf- v
ev:.dent that children in poor health or with 2 “commnications hand:n.cap
can not benefit fully frcm whatever educational program is offered them,
A common commmca.tion hand:.cap in children of school age is impaired
visual acuity, An important part, therefore, of any school health pro-
gram is recognition of children with these impa:?.nnents go that appi-o-
priate corrective measures may be instituted. EKnowledge of the distri-
bution of vieusl defects within the school population (sex, age, race,
or other subgroups) may be valuable for plaming v:‘.sion. acreening pro-
gfams in d&dophg countries to give high case f:t_nd.ing while, at the
same time, conserving the required amount of professi?‘a.l. services
.which are involved. For example, :Lf the prevalence of wisual defects
is found to be relatively constant at different agea in certain groups
.or in a1l groups at certain ages, routine viaion'sweening may be “
. scheduled with different frequency according to these facts and not
given at fixed intervals for all children.
‘The author, from her experience as Director of School Health
in Hozambique, has arrived at certain impressions regarding the dis-
tr:z.bution of defects in v::.sual acuity in school children of that country.
These impressions are that the per cent of children with defective
visual acuity and refractive errors increases with age and that females
appear to exceed males and White children to exceed Negro children in
rates of abnornal visual acuity and refractive errors.
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A study, therefore, was undertaken to test. the accuracy of
these obsecvata.ons and to achieve better nnde::standing of wvision in-
schodl. children. The entire populaﬁ.on of school children 9-16 in
the offic:.al (gvvernmexrb) schools of the capitel city of Mozambique,

B 'Lou::;enco Ma.:ques, comprised the study group.

+This thesis focuses in dgpth on a portion of the data to
assess the relationship between vigual acuity and growth, most
gpecifically to test the following hypothesis:

The impairment ef nsnal acuity in a child is influenced sig-
nificantly by factors which also display themselves in the child's-
pattern of growﬂ:, especially at adolescence, Evidence can be obtained
to show associative ielationship between visual acuity -and maturational
characteristics of children. '
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4. Development of Studies of Human Growth and Maturation
ad 7 o

Change in l_ih;ysical Eize, proportion and function is one of the
most self-evident facts of human growth and has been noted throughout
rec:g.m.ied~ history, The association of certain bodily disfunctions with-
body type, age, race, and sex also has been made repeatedly over the
years both in folk and scientific literature. It was not wntil the end
of the 19th or early in the 20th century that orderly studies of human
growth were unda'taken and predictive indices and explanations develaped. ,
Early studies of children consisted largely of gross morphologic '
measures, €.ge, hﬁ.ght, weight, chest circumference, crown rmp, rnmp
heel length, etc., of children of different chronologic ages. From -
_auch studies "norms" were derived for children of .given age and setx.\
In addition to study ofh gross body characteristics, studiesb were made
a‘l.sq of - the size, weight, and structure of various organs and organ
systeﬁxs. Thus norms wa'e established for the weigh‘b of the heart, 1liver,
spleen, etc,, of children of different 'a.ges.

Ea.r]y studies shared common fa:llures ~= failure to ident:l.f‘y the
universe from which their sample was selected and failure to recognize

the bias which éntered into the selection. As an example of 1:.1113~ latter
shortm were studies made of dead children from uhich iﬁferences
were made concerning the size and’"'é%ﬁ‘ctnre of organs in living child-
ren. The morphologic aﬁzdies had many values, however, They estab-
11shed the association between certain measures such as helght, weight,




chronoldg’i.c age, ‘head and, chest ‘¢ircumference, etc, They identified
“individual fiiffcr'enpes and showed that chifldren proceeded in their
growth in an orderly vay and tended through time to maintain a constamb
relative rank in respect to chronolog:.cal cohorts, Morphologic studies ‘
also :!.dentified the growth characteristics of different body systems,
e.g., neural, masculo-skeletal, gonadal, lymphoid, Finally, these
deseriptive studies allowed establishment of certain age periods with
cammon -characteristics, e.g., fetal, neonatal, adolescent, etc.:

In addition to morphological (gross and microccopic) descrip-
tions of growth and development, physicloglc and functional measuves
were made of children of varying ages, Sane of these measures were:
epiphyseal ma.tura.tion, ngt (1933), estrogen level, Natha.nson (19h1),
Z. Q. Gesell (1947);> alkaline phosphatase, Talbot (asl7)s® )
“chroﬁology of the human dentition,® vLogan ('.!.933),5 etc. These
measures wWere seen to bhave high assoc:l.ation and, at certain age periods,
to be better indices of physiolog:i.c age than the common]y used chron-

' alogical age. , : N

B, Growth and Development. of the Eyeball

Certain aspects of growth of the eye have been studied exten=
sively while others have been studied hardly at all. Scarcity of some
of 'b_hese‘ observations has been.du'e laprgdly to difficulties inherent in

‘ making neasnrenents, 41!30_, many of the’ measures which have been made
have. been open to question ag to thedr repr"esen_tat.ivcness and thelr
accuracy since they have been made from cadaver material.;‘ The various
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measures which have been reported are: eyeball diimeters (saglttal,
horizontal, vertical), eyeball welght a'nd'volﬁm.g, corneal hordzontal
’ ‘d:l.‘ameter, corneal curvatﬁre, and lens curvaﬁu‘re.

Most of the post-natal growth of the cornea occurs in the Pirst
12 mon'fah&gf life and leads to only an approximately 25-30 per cent in-.
crease in horizontsl dismeter over that presént at birth, The weight
and the volume of the globe also increase steeply in the first 12 :
months of life but continue thelr rapid growth during the fo]loﬁing
year or two, Thereafter, growth contimues slowly, but final velues
are two or more times those observed at birth, The opt:i;c nerve at
birth is 2l.k m, long with a diameter of 2,7 mi. Post-natal growth
in length is 66 pér ‘cent to a mean of 39,0h mm, "and in diameter, 1l
" per cent to'a.mea.nof 2,74 m, o

Scammon (1925)6 summarized the figures of various ohservers
on the post-natal growth of the eyeball, A total .of 1,000 observa-
tions were made of lineal measures of the eyes of cadavers, Approxi-
mately the same techmique was used by the various observers, The
weight in post-natal life was represented by 39 cases. Although they
were few the author found thém sufficient to indicate the general
course of growth of the orga.n'after birth,

Todd (1940)7 studied with a precise technique 150 pairs of
adult eyeballs (total cadavers) and gave data upon growth in weight.
He reported some interesting sex and race differences in adult eyeball
weight. Sex and race ratios of eyeiaa:!l weighis were: MH/FW = 1,075,
MA/MN = 0,923, MN/FN = 0,967, Ri/FN = 0.917. Female eyeballs were
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Mean Measnrw of the Human mebal‘l. »
(Scammon)
: o Sagittal Transverse  Vertical
Age . mm, mn,
N=10, N=10,000 ¥=1,000
Birth . , 17,5 17.1 16.5
1-2 years 20,2 20,5 20,2
2‘5 ye&'l‘.'s 20.3 aol aol
5-10 years ' . 2.8 2.8 - 2.3
10-15 years : 2.2 21,9 2.5
Adult female 23.9 23,4 23.0
Adult male : 2.5 - 24,2 23.6
- Wt. (grams) 8
Age N=39
" Birth 3.25
1 year 3.33
{ ho67
3- years .5.07
5.71
7-8 years 5.69
9-10 years 6.143
1l years 5.9
16 years 6.50
Adult 7.18

Mean Measures of the Human Fyeball

(Todd)
Right ball Left eball
Group Nmber yrebgt Jomar) Weight (gus.) Oranial

Av,  S.0. Av, S.p,  Gepacity Statore

Male White 63 7.85 60 7,82 60 U5 ce. 173Y) rm.
Male Negro 5 8.51 1,00 B.U7 97 1393 ces 1742 mm,
Female White 18  7.29 65  7.28 65 1261 cc, 1590 mm.
Female Negro 24  7.95 80 7.9 .78 1273 ce. 1659 mm,
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abgolutely smaller, but relatively- larger than male when consider;d _
in relation to cranial capacity and stature. American Negro eyeballs '
Were larger than those of American Whites. In both sexes the right
eyeball was consisfently larger then the left, although the differences

Were quite ﬁna:l_l.

Studies by Todd and Todd and by Zimmerman and Scammon, summare

ized by Krogman,3 showed that in the fetsl life the eyeballs abtain
their maximm convergence before the bony orbits are formed. From
mid-second to the end of the third fetal month convergence is rapid;
the angle goes fram 180 degrees to 105 degrees, or 69 per cent of total
fetal convergence, From the end of the third month to term the angle
goes from 105 degreést' to 71 degrees, the remaining 31 per cent of the
fetal com&gmee. Postn.ztjba:lly, there is an addiﬁ.on'al three degrees
of convergence which occurs very slowly.

Sorsby et aJ.. (19621.)8 studied the eyes of 1)432 children three
- through 1k years of age, They found that ocular refraction in the
vertical meridian declined with increasing age., There was very little
dim:imtion in ocular refraction after adolescence was raached. Between
the ages of 3 and 15 the reduction amounted to 1.} D for boys and
2.1 D for girls. The sagittal diameter of the globe was found to be
about 23 mu. at age three -~ an estimated increase of 5 mm. over the
18 mn, diameter at birth, . In the ten years between the ages of three
a.nd:13 they observed axial elongation of only about 1 rm, and reported
that the growth of the eyeball appeared to be completed by the age of
13 or 14 in both sexes. For all praétical purposes;tthe change in
’cvvarneal power between ages three and 13 was\not important and while
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the lens power decreased steadily, the overall change in this sams
age range was not great — less them 2 D. The increase in the depth
of the e.nterior chamber was directly related to age and fram 3 to 1) .
amoun'bed to from 0.1 to 0.2 mm,

The differences found for the values of axial length d:iring
growth, between this study and that of Scammon, may be due to the
fact that Scammon regorted measures on cadavers using calipers and
compasses, while Sorby &t al, studied the axial length in every person
using an optical mefhod. ‘ ’

A most importent concept of the growth of the eye was that seb
forth by Sorsby Q g_l_. who viewed the eye as a coordinated organ and
not as an aggregate o?/sgparate structures, These observers na'bt;d that
refraction remained relatively unchanged over time desﬁite changes
assoclated wifh the size and shape of the eyels optical structures.
They inferred that this relative constancy was due to coordinated com-
pensatory changes in the component parts of the eye, For example, the
increase in the sagittal diameter of the eye from birth to ‘age three’
of f;i.ve mn. or ﬁore would cause a refractive chaiige of as'much‘-gs 20D
ir other camponents of the optical system did not also change, In

-this -instance, both the curvature of the cornea and' thé cﬁrvaturé and

thickness of the lens change with growth -- the larger the globe, the
flatter i'.bs‘ surfaces, Thus, a:d.al change is compensated by reduction
in corneal and lens power. Sorsby represented these compensatory -
changes in the following schematic diagram: (Figure 1)
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The persistence of hypermetropia and the emergence of
emetropia and of myopiat three cases showing similar
(and rather marked) degrees of axial elongation but
different degrees of partial compensation — fairly

- full in the first, noderate in the second, lnd rather
poor in the third,

, . (1). BNEES (144)
Period between

exaninationsa i yrs.8 mths, L4 yrs.8 =mths, 5 yrs.3 mth.
Initial refraction +1,0D +1.,3D +1,5D
Axial elongation 1,3m 1.6 = RYR_
R ot aan oy 2 +0,7D 0.0 D .00

(Fraa Sorsby, 1961) .



In eacaxﬁple (1) refraction Sid not change Guring a four-year
and eight-m;mth period despite axial elongation of 0,7 mu. because
of full compensatioz; by changes in the -cornea and lens,

Example (ii) is one which emetropia developed, -during a
four-year &nd eight-month period from an initial hypermetropia of
+1.3 D, In this instance there are only partial compensation by thg
cornea and lens for an axisl .elongation of 1.6 mm. '

In the last example (1ii), an initisl hypermetropia of +1.5 D
changed in § years 3 months o a myopia of -1.0 D. In this instance
as in example (ii) the refractive power of 'ﬁhe lens and cornea changed
less than was needed to "balance" the change of 1.7 mm, in exial
length, ) |

Sorsby et al. re~examined 386 children of their original 1432
child study group 2 to 6 years after their first exsmination. In
ﬁgure 2, repéoduced from thedr study, it can be seen that the most
striking change is in axial length. The authors state:

' It is clear therefore that during growth,

axial elongation does in fact oceur but-that this

elongation, with its tendency towards myopia, is
countered by compensatory changes in the cornea
and lens, leaving an essentially unchanged refrac-
\ %tion, except in a minority of cases where this com-
pensation has been inadequate or-emtirely lacking.
4 stationary refraction is not therefore evidence
of an unchanged axial length, This, indeed, may
be stationary, but it is more likely that there has
been some elongation -= possibly a substantial one
-~ which has been adequately compensated for, It
would seem probable that the lens plays a more
active part in this compensation than the cornea.

The importance of coordination of the opticag. écunponexrbs is
thus strilkingly evident during growth of the éye. The study of Sorsby
gt a, concluded that refractive errors are to be explained not.so much .
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The growth of the eye as a co-ordinated procees:
axial elongation compensated for by changes in
cornea and lens (in 386 children re-exanined
after 2-6 years). (From Sorsby, 1962.)



- in anatanlcdl erus as by failure of the physiological mechanism of
ad:)natment. The process of coordinati.on is active thronghopt child-
hood. F\:ZL'I. coordination and antcmatic adjustment glve emmetropic ‘
eyes, and less full coordination results in errors falling within the
range of * h.O D, It appears from the study of Sorsby et al, that all
but scme 3 to bt per cent of eyes in the general population have full

or fairly full coordination,

C. Vision

There have been many studies of the changes in refraction and
visual acuity with age. However, most of them deal with changes in.
eyes with refractive disorders or draw their samples from selected
groups. Two of the largest studies are those-of Brown (1938)° and
Slataper (1950).2° Teir date, draun from eye clinics, suggest that
there is an increase in hypermetropia of about 1.6 D in early child-
hood 411 the age of T years, & reduction by nearly 2 D in the sno-_
ceeding 8 years, and a further and slower decline dnring the next 15
years. (See Appendix 1.)

) Gardiner, Karpinos and Post have studied the relation of
vision to various other attributes. B. D. Karpinos (1960),%3
analysing the 273,000 medical reports of registrants examined by the
Armed Forces for distant vision, found better vision for the 51,000
Negroes examined than for the 220,000 White emaminees. P, A, Gardiner
(1954),1 relating gmrt.h with myopia among a ra.ndom selected mmber
of schocl children from age 3 to 16 years attending the school cl:i.nic,
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‘saw that the rate of growth of myopic childven differs fram that of
others, being in the main faster both in height and weight. In
rnwopic girls the menarché was earlier in a significant proportion of
cases and their state of grawth rate appeered to fluctnate more than
that of otherr chi’l.dren.

Gardiner (1958),12 in a group of nearsighted children who ate
tended the research dlinic at Guy's Hospital and received extra animal
protein, fourd that the rate of visual deterioration was mmch less
than in a group who a.ttended the ordinary aéhool ophthalmic clinie
and uhose diet was not changed. '

Richard H. Post (1952)1h exsmined the allegation that popula-
tions with lopg l;lstories of agricnlmral econcmy and or settled
habitat have higher ratio of vision defects than populations now or
until camparatively recently in a calture habitat of hunter or £ood
coiléctor. ' He based a large part of his stﬁdies on data 't:oliected
by Hirsch (1953)3% who refracted 2,57h men and 26,627 wamen and on
different studies ‘of average refraction for Orienbals, G&ncasms,

Jeus, etc.

' D, OCOrowth and Development in the Adolescent Period

The period of adolescence has many definitions. In general |
it is the period of.'we in which there is transition from scmatic
childhood to adulthood, Chronological ages 10 4o 15 in females and
12 to 17 in males encompass the period -of gdolescenf growth changes
'for most of the population., The most dramatic aapectﬁ of pgrowth during



“the adoleséent period are: (a) acceleration of growth in height and

veight‘ followed by cessation at a@fqlt;levela and (b). -e.equisition of
pzﬁmary.'va.nd secondary sex charaéterisﬁcs. Measures of somatic growth
and of sexual matunty are highly associated as"exemplified by the re- -
lation of menafche to peak velocities for heighf growth (Figure 3)e —

1. ‘Height and Weight ‘
The acceleration of height and weight growth in adolescence is

“seen in all children although it varies in duration and intensity be-

tween different children., Tamner (1955)15 describes the growth “sp'urb"‘
as follows:

In boys it takes place, on the average; from
age 13 to 15%, and is responsible for a gain in height
of about 8 inches (range L~12 inches) ascompanied by
a gain in weight of about 4O lb, (range 15-65 1b,).
The peak velocity of height growth averages about-l
inches (10 cm,) per year, which is the rate the boy
was growing at age 2, The time at which this meximm
velocity is reached averages about 1l years, though it
may lie anywhere beftween 12 and 17. In girls the
spurt begins about 2 years earlier than in boys, lasts
on the average fram 11 to 13%, and is smaller in mag-
nitude, the peak height velocity averaging 3% in,

(8 cm.s per year, The gex difference can be seen in
Fig. I which shows the velocity curves for a group
"of boys who have their peak velocity between 1l and
15, and a group of girls with their peak.between 12
and 13. *

Because children mature at diff_erent chronological ages, the
effect of the sharp spurt in height and weight which occurs in every
child is not seen clearly when data for groups of children are aver-
aged. Only by longitudinal rather than cross-sectional studies if it
possible to demonstrate the.growth spurt accurately. Data from
Shuttleworth (1937) 1llustrate this (Figure 5).
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‘Relation of peak velocities in height for early, aversge,
and late patwring girlss and of time elapsing between
peak velocity and menarche for the three groups.

¥y, Mz, M3, average tino‘of menarche for each group,

" (Redrmwm fram Sizmons and Greulich, 1943.)
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Adolescent spurt in height growth for girls and boys.
The curves are from subjects who have their peak
velocities during the modal years 12-13 for girls,
and 14~15 for boys, (Actual mean increments, each
plotted at centre of its 1/2 year period, Data from
Shuttleworth, 1939, Tables 23 and 32.) -

(Fran Tanner, 1955.)
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The time of onset of repid gain in weight during adolescence '
corresponds clasely in both sexes with the gain in height, The dura- )
tion of gadnin weiéht, however, covers 'a longer épa.n (Richey, 1937).16
Comparison of height and‘weight curves offers ingight into the behdvior
of weight, Normally, a child's weight curve is in the -same charnel as
bis height curve, and the two measures follow the ssme pabberii of anmal
incre‘ments.: The extent and direction of disparity between chammels £or
a child's welght and his height hei_l.p to sépa.rate weight changes due to
maturation fram those’due to mirition, If weight deviatlons parallel
height deviations, they probably réflectk normal variations related to
maturation rate; where weight deviates alone, it is more apt to signify

a change in mutritional stétus (Banger and Bayley, 1959).17_

26 Mea.su_res of Sexual Maturity .
~ The word "maturity® is not used to denote complete physical

development, It is employed io indicate a physioclogical sta'.be that
begins with the appesrance of axillary hair in boys and £irst menstru-
ation in girls. According to Watson and Lowrey (195),18 sexual '
maturity is directly related to weight and height and is preceded by
the spurt in body growth., The menarche geneé:'ally appears at a
skeletal age of 13.5 or 1l years. k

A mnnher.bf factors appear to é.ffect the menarche. Wilsen
and Sutherland (1953)19 studied the effect of climate, They,found
that in girls in tropical countries the menarche can appear earlier
or later than in European girls. T

Kark (1956)20 confirmed this lack of relationsﬁip between
climate and menarche, She concluded tﬁat low socio-economic "sgtatush
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‘plays a more nmportant role than the factors of race.or climate on
onset of menarche, Tisserani-Perrier, Bertolini, and Betrm.er (1953)2L
cited the importance.of other factors on late onset. Smne of these
wWere: poor éeneral ph&sical condition, undernourishment, poor soc:‘.ai
background, and high nmber of children in the family,

Shah " (1958)22 and Tsrasl (1959)23 studied the role of heredity
in menarchal onset in Ind:.an women by comparing the age of memarche
of mothers and daughters., There was no association demonstrated.

It is difficult to obtain a measure of maturity for boys
corresponding to the time of first menstruation in girls, Godin
(1927)2% states, with minor qualifications, that in males puberty is
attained at the time of -i:'he appearance of axillary hair or about one
year after the gppearance of pubic hair, and that at this time pubic
hair is far advanced in amount and area covered and has started to curl,
His statements agree with conclusions reached by Crampton (1908).?‘5

Many observers have noted that. the development of sexual
characteristics in males is more closely corzjela't':ed with bone nabuara~ -
tion than with chrondlogical age, and that height and weight are
better measures of maturation than chronological age.

3, Heght and Weight Differences in Early and Late Maturing Children

The relation of precocicus, average and retarded puberty to
weight, helght and growth rates has been the subject of several
studies. Richey (1937)2° made a study of the heights and weights of
1871 girls and 188k boys attending the Laboratory Schools of the Uni-
versity of Chicago., He divided children of each sex into -three matuir~-
ity groups. In boys -
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if the hair in the armpits was noticed first at/the
examination of the fourteenth or anm earlier birthday,

the subject was placed in Maturity Group I. If no
axillary hair was present on his fourteenth birthday

but was present on his fifteentli, he was placed in
Maturity Group II, and if no halr had appeared in the
armpits by his fifteenth birthday, he was placed in
Maturity Group IIT.

;rhe girls were also divided into three groups:

1) those menstruating before their thirteenth birth-

days, 2) those.who menstruated first between their
thirteenth and fourteenth birthdays, and 3) those

whogse menstrual periods commenced after their four-

teenth birthdays, These groups were referred to as
Maturity Groups I, ITI, and III,
~In both gexes, the esarly maturing children were taller and
heavier at & given chronological age than the later maturing dzila}en,
and the middle group ;nwmturation age wWas midway between the early
and late in height and weight measures. Richey's data aré displayed
in Figures 6, 7, 8 and 9.

It is of interest to note that differences in-height and
weight of early and late maturing children are seen long before
;mbm'tal changes start and after they are finished, Richey noted
that "the pre-pubértal tgpurt:! increased'the d:i.fferenceé betwsen, thel‘
heights and weights of the tliree groups for a short while but differ-
ences in the helghts and weights of different maturity groups of the
same. age are largely to be attributed to long contimed differences

in the average growth rates.” These differences in helght and weight
at all ages for the different maturity groups suggest rmidamental

difference in body build in these three groups. -
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4. 'Racial Differences in Méturation and Body Measurements )
Studies of the growth and development of children of differemt
races has shown striling differences in the time of onset of puberty

" and in the rate of growth of different racial groups. However, as noted

ea.rlier, it is :impossible to unta.ngle the effects of nutritional and
soclo-economic status from those of race in these studies. Poor mtri-

) tion,as well as chronic illness, as well as many other factors, have

besn shown to delay the maturation process, In studies where mmtrition
and socio-economic conditions have been .cont.rolled, the differences
between races have not been as great but some differences, presumably
on a genetdc basis, have persisted. 7

There have been mme?rons studies of birth weights and early
naburation pabberns of Negro and White infants in the Umited States —
Palmer and Gioceo (1945),%7 Christie (1917)2 — but few which campared
growth ‘l‘hroughout childhood in different races.

The information even om heipght and weight of African children
is ertrenely limited, Roberts (21960)%7 compared Southern Sudan child-
ren with London children and concluded that African children attain
their adult size at a later age than London children.‘ No comparative
growth studies ha.v'.e been made of the various racial groups residing in
Mozanbique,

E. Relation of Height, Weight, Menarchal Age
£0 Eyeball Growth and Refraction

Sorsby et al. correlated-heights and weights of 13}45 children
three to 15 years of age with refraction in the vertical meridian and
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with axial length. Only a few of the mmerous correlations were
statistically significant, suggesting that at "most there is only a
very slight tendency for larger children to have longer eyes, and
any such tendenc;' imuld account for only a sma]l.proporl%ion of the

variation in axial length." Annual rates of increase in axial length T

in relation to rates of bodily growth were determined for 183 boys’
and 178 girls examined two to six years apart. The aunthors concluded
that "there is little to suggest ~-I:.ha'l:.-;t any age the higher a.nmal
rates of axial elongation are related to the higher anmual rates of
bodily growth,®

Menarchal age was détermined for 89 girls in the same study.
As is shown in the Table reproduced from that study (Figure 10)
thers was ﬁothing to suggest that early menarche -- and presumably
puberty -~ tended to precipitate undue axial elongation.’
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Axial elongation in relation to age at onset

£ menstruation: data for 89 girls re- '
:ngined 2-2 years after 1st examination.

No. of children
Age at onset of - - - - T el
menstruation Degree of axial clongation (mm)
(years) Total
0-05 06-10 1120  2-1andover,
9 - 1 - i
10 - - 2 2
11 3 6 3 12
12 8 8 7 2 25
13 9 13 s 2 29
14 7 - 6 | 14
15 2 | 3 - 6

Annual Rates of Change

(Prom Sorsby, 1962)



IiT, METHOD
A. Study Population

Tt is hypothesized that relationships between physical matura-
tion and refractive errors, if they existed, would be shomn most’
clearly during-the period of the school child!s 1ife characterized
by rapid physical growth, Therefore a study population was sought
whose ages spanned this period of change. The observations of
Slataper (1950)1° and Hirsch (1952)30 indicated that refraction
changes in the direction of myopia contimmously from at least age 6
to maturity, but it appears that a particularly rapid rate of change
occurs at about 11 to 12 in girls and 13 to 1k in boys. Tamer
(1962)32 has shown that rapid change in body size of girls lasts
about from 10,5 to 13 years and that in all instances the period of
most répid linear growth has ceased by the end of the 16th year,
Males, however, contimme to grow after this age.

’ The selected study population was camposed of all children
from nine through 16 years of age attending the official (govermneﬁt)
schools in Lourenco Marques, Mozambique, during the school years .
1961-62 and 1962-63. In the instance of fenalwf it was considered |
that this age span would encompass the most rapid period of change
w‘h:i.‘l.e in the instance of males, observation of clder subjects was de-
sirable but not possible because school attendance after age 16 ter-
minates for most pupils,.

28
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There were 4831 children; 2157 male and 267h female. Sixty

per cent were White, 9 per cent Ne;gro, 13 per cent of mixed racial

groups, 10 per cent Indian, and ome per cent Chinese. (Tables I and II).
Becauée pl?ysical maturation is lmown to vary by age, sex and

race, the study population was pub-grouped by these variables in order

more clearly to observe the relationship, if any, between physieal

maturation and refractive errors.

B, Measures of Maturation

1. General Problems .

‘ The probien_facing“the investigator was the selection of a
relatively simple index or indices of physical maturation which
could be collected at little expense, with simple or no equipment,
by health visitors and clerks, Precise anthropological ‘measures,
homox;al assays, x=-ray determination of epiphyseal maturation, and
other elaborate measures therefore were ruled out., Observationd' of
genital, breast and pubic hair development were also discarded as '
methods of assessing maturation because of the anticipation that suc.:h
observations would be disturbing within the culture of the schools,

Three measures of mA‘t".ura.tion finally were selected. These
were body height, body weight, and ~ in females ~- menarchal age.

2, Height and Weight

The original observations were made during the school year
1961-62 on the female population. It was recognized thét because of
the ‘wide range of individual d:l.ffm-enceé in body size, a cross sec-
tional study utilizing a single measuran:nt of height and weight was
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Table T

Dintribution of Male School Children by Race and Age
(8 to 16 Years (1d) - Official Schools

(Moszarbique) 1961-1962

30."/”\‘

Age ¥hite Hegro Mixed | Indian | Chinese.| Unknown || Total
Fo. %] FRo. & [Wo. ¥ JNo, No. % | No, X|No. %
8 ]123]|8.3 16 9.1 1556.3 n2}s,0] 1|40 167 7.7
9 |22 pb.3| 12| 6.9]30n2.5}z7 1.k | 3p2.0 26L/13,2
10 |23 k.l | 29 h6.0) 65 R7.0f38 6.0 | 3[12.0 3u8[16.1
11 |166 11.2| 35(20.0] k3 nB.0[L619.L | 6|2L.0 296(13.7
12 j162f12.3] 2L 13.7] 30p2.5{32{13.5 | 3{12.0 i fenj12.6
13 |18 p2.2| 286.0) 22| 9.2[3uh.3 | 2| 80| | 267(12.k
1 §1861n2.6| 19p0.9] 22} 9.2]|22| 9.3 | 3{12.0] 1 100 | 282]11.7
1 |ie6pr.2| 9| 5.110| L.2[18) 7.6 | L[16.0 \ 207( 9.6
-16_ sof 3.4 3|1.7] 3(1.3] 8 3.4 64j 3.0
Total]1479| 100 | 175 | 100 | 240} 100{237 100 ; 25| 100 'i 111002157 100
I |




Table II

' Distribution of Female School Children by Race and Age

(9 to 16 Years 0ld) - Official Schools

Regro

' Age Mixed |Indian | Chinese Unimown | Total
No. & jNo. % (No. £ [No. £ |Wo. & [No. %] No. &

9 | 229 [13.3{ L9 [20.0| 8019.6 |us h6:e 5 [83.3 fu08 8.3
10 |25 (1.6 39 6.0 |72 17.6]37 3.9 | 5 |15.6 1ol 18,1
11 }326(19,0| 35143 L611.3}u9 N8k | 5|15.6 Lé1 1k.2
12 | 287 | 16,7 h0;16.3 7518.hJu5 26,9 | 7 |21.9 hShfl?.o
13 | 220)12,9) 25:20.2 | ki j20.8{la 15, | 5]15.6 335112.5
1, }198 |11.6] 21| 8.6 | b3{io.5 28210.5 6{18.8} ‘29645!1.1.0
15 {139 | 8.1 20 8.228] 6,901k} 5.2 § 3| 9.h| 1]26.7f205° 7.k
16 | 66| 3.8 i6: 6.5 | 20! 5.0 B§ 3.0 1 3.2 m k.2
mmslloo 215 1oogh08| 100{26? 200 || 32100 | 6/100 2671;"5100

il



imprecise for characterizing the maturation of individual children.
However, the speed, economy and s:lmi:licity encouraged us to‘ use this
method, and previous observations of Richey (1937),16 Tanner (1955),52
and Shuttleworth (1939)38 gave support to our expectation that at a
given chronological age the heaviest and tallest children would be the
most mature.

Similar data were obtained from males during the 1961-62
aschool year. Because there was no physiological "marker® in the male
that would be the equivalent of the menarche in the female, another
index of maturity beside a single determination of height and weight
was sought for boys. Therefore, height and weight were repeated on
most of the boys one year lgfer (during the 1962-63 school year).
Thug, it was possible to characterize males not only by absolute values
of height and weight but also by increment of growth during a period
of one };ea.r. The assumption in using growth Increment as a measure
of maturity was that among pre-pubescent boys of the same chronological
age, those g;rdwing at the most rapid rate would be the mostt mature,
The statistic used. to describe this growth increment was the mean t
weight (or height) growth ratio and is conventionally represented by
the weight (or height) gains during a given time interval divided by
the weight (or height) of the organism at the beginning of the time

interval: "2 -W |
L]

Height and weight of school children were obtained by school
mirges fallowing a standardized procedure, Welight was x_neasured on a
balance scale, the child standing freely and holding the side of his



33

lege with his hands, Height was measured against a standing pole at-
-'hached to the scale. The child was ins‘hructed to Ystand tall,® All
measures were of children in gym clothing without shoes,

3. Menmarchal Age

Menarchal age in the female is an accompaniment of maturation
‘and is an excellent point to equate physiological age., For the present
study, the age was obtained by direct questioming of s-chool girls by
the school health visitor, The mean menarchal age was calculated for
thoge girls who already had begun to menstruate, These girls were
then grouped into those whose menarche occurred before the 12th year,
those with menarche between 12 and 13 years, and those with menarche
after the age of 13, For sané analyges the proportions of girls in
these categories were applied to girls not yet menstruating so that
(sic) estimates of the influence of early and late maturation on visual
acuity could be made.

C. Measures of Vision

1. Visual Aculty

The Monoyer Scale was used to test the distance visual acuity
of the children in the study, The Monoyer Scale £cllows the inters”
nationally accepted principles recammended by the Americen Committee
on Optics and Visual Physiology, Sub-committes on the Problem of an
International Nomenclature for Designating Visual Acuity -(Perera
(1951).38

o




T IWR e T e e e

Ml e henatald

The scale is read a'l; a distance of 5 meters and has 10 lines of
Lebbers which, -from line to line, increase in size (Appendix 2), The
first (supplanéntary) line should be read by the normal eye at a dis-
‘tance of 5 meters; the last iiﬁe which contains the biggest letters,
at a distance of 50 mébers. Intervening lines are of a size that
should be read at 10, 15, 20, etc,, meters. Visual acuity that is
noymal, i:é.,. 1~;he 5 meter line is read at 5 me.bers, is designated 1.0;
Succeedingly larger lines are designated 0.9, 0.8, 0.7, etc,, which is
an index of the extent of normal acuity at S meters. The Monoyer
Scale and the Snellen Scale are constructed on the same optical prin-
ciple and 1,0 Monoyer is equivalent to 20/20 Snellen,

Measurements of visusl acuity were made by the school health
visitors according to instructions which are given in Appendix 3 in
the form of the original cireular, Such measurements were made at the
begiming of each school year routinely and the results recc;rded on
individual file cards in the pupil's name, All children whose vision
in either eye was not 1,0 Monoyer as well as those who use glasses
were sent 'to’ ‘;bile eye clinic at the Miguel Bombarda ‘Hospital in
Lourenco Marques,

Children who Were found to be wearing glasses at the time of
visual acuity screening wers not tested but were referred to the eye
clinic for evaluation, Measurements for visual aculty were made in
females during the school year 1961-62, Measuranen?a for males were
made in 1961-62 and again in 1963, These later measurements were the
ones used for males in all tables except those in which 'changes were

determined in visual acuity fram 1961-62 to 1963:
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2, Refraction - .

Children referred to the hosp:’;.tal eye clinic had their visual
acuity evaluated once more by means of the Monoyer Scale, If the child
‘had an acuity of 1,0 in each. gye, and if there were no sigiis or symptoms
of ocular or visual d;.sturbances, he was pronounced “"normal.® If the
child showed any ocular or visual disturbances, even with a 1,0/1.0
acuity, cycloplegle refraction was made. (Atropine was used for child-
Ten up to age 1k and thereafter homatropine with benzedrine or cyco-
plegil.,) If the child under”cycloplegia was able to read the entire
Monoyer Scale, he was considered normal, If he could not read it,
various lenses were tried. The lens used to enable him to read was
a measure of his error of refraction which was registered in dicpters.

The most commonly observed errors of refraction were: myopia,
and hypemetx:opia, with varylng degrees of astigmatism, andnﬂxed
astigma.tis;m, i.e., with myopia and hypermetropla in different axes.
For purposes of classifying students by refractive error, a single
rmber was obtained by adding the spherical errors in both eyes to-
gother with one-half the total cylindrical errors, if any, and dividing
by two. This method was devised by Gardiner (195h) to overcome the
difficulty of differing refractive errors in the two eyes.

D. Children's Identification

1, Chronological Age
Age of girls was recorded according to age at lasi'. birthday,.
For boys, the chronological age was obtained by subtracting the year

S TR § A S 5 1 S 3 eE £ B
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of birth from the time point of April 1961, this date being the mid-

point between the two observations madé in September 1961 and Sept-
ember 1962. , | v

2. Determination of Race

Race was copied fram school records made from birth certificates,

E. Statistical Procedures

1, Collection and Tabulation of Data

Height, weight, visual acuity and, when appropriate, menarchal
age were entered on pupil's individual health cards by the school
mirse, Subsequently, these observations were coded by the author and
punched on IBM cards, These cards were sorted and counted using the
equipment of the Department of Biostatistics of the Graduate School of
Public Heaith. Various special computations were made from these cards
also using the IBM 7070 computer at the Umiversity of Pittsburgh Com-
puter Cen‘ber_.v

2, Associations . .

Children in “the study were divided into two groups on the basis
of their visual acuity., Those with aculty of 1.0 in each eye were
called "normal.® All others were called "abnormal.® When children
were classified by visual acuity, the visual acuity of the poorest eye
was nsed, The abnormal group was further divided Yinto ®"myopics® and
“others” on the basis of a refractive examination by an ophthialmologist.

e A i 4 et s a o

e o g s,
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The height, Weight, and age of menarche was determined for
girls :Ln the norx;zal and abnormal visual acuity groups. The same
factors were compared in myopic and non-myopic girls.

The height, welght and increment of growth of height and
weight Wwere compared in males with normal and abnomal visual acuity
aﬁd in males with and without myopia. In addition, relationship be-
tween change in visual acuity in a one-year period and growth incre-

ment during that same period was determined for males.
%

3. Degree and Measure of Association

Tables, graphic analysis and mmmerical expressions were used
to measure the degrees of association of the varisbles. Various tests
of statistical significance were tried: all, however, were biﬁsed by
the heterogeneity of the population. .

A w5 test for differences of means of indices of growth and -
maturation with visual‘acuity was possible only for White children,
For children of otherl races the test could not be made because of small

mmbers. Besides the "t" test, chl square tests were used to study
the association between menarche and visual a.cuity in girls and height
increment and changes in visual acuity in boys.

The problem “of agsoclation and testing became even more pro-
nounced with the assoc:].a't_ﬂ.on of indices of growth and maturation with
myopia because of the limited mumber of myopic cases =- only 123 out
of a population of }83l. Because only small nmumbers of myopic child-
ren were availsble for analysis, the following diserdminatory method
was used, First, mean height was plotf.pd at each age for all girls

—— ~
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who were post-mena.rchal, and the same was repeated for those who wera
Fre-menarchal, Two geparated smooth carves were ritted through each
set of means taking into acconnt the mumber of obaervations on which
each mean was based. New mean height values were then read from these
smooth curves, Deviations fram the curve values at each age were cal-
culated for each myopic child within its respective menarchal group,
i.e., pre~- or post-memarchal, The average deviation over all age
groups was then calculated for each menarchal class, Also, the stand-
ard deviation for all age groups was calculated for each menarchal
class, On another analysis of the data, measures of pre- and pogt-
menarchal girls were combined to give a single smoothed curve. De-
viations from this curve were calculated for myopic girls.

The above procedure was repeated for welght,

See Addendum, page 132,



IV. RESULIS
A, Characteristics of the Study Population

. Age, Race, Sex \

The age and raée of the study population, by sex, are shoﬁn
in Tables I and II (pages 30 and 31). Males and females were a;pprazi.-
mately equal in mumbers, racial distribution and age, White childrem
comprised the largest group and there were more younger than older
children in all racial groups because of the tendency of alder child-
ren to discontimue schooling,

2. Height ' ; e

a. Female. As shown in Figure 11 and Table IIIa, girls in

*esem

the four racial groups generally showed a steady increase in mean
height with“ age and appeared to follow similar growth curves., No
sudden growth spurt was discerned in any of the raclal groups and only
in White girls was there an indication of growth cessation (ages 15,
16).” The Whito girls achieved greater helghts at early ages than did .
girls of other races, However, by ages 15 and 16 this ggijantage ap-
peared to be lost. In general, Negro girls in early age groups were
shorter than those of other races. Again, at age 15 and 16 this dif-
ference disappeared, Because of the drop-out from school of children
at cdlder age levels, the mmber of girls 15 and 16 years old in non-
White groups was amall and thus means could be distorted by an atypical
observation in a single child,

"TI? tests of differences of means were performed to determine
whether differences noted above were statistically significant, For

*see page 105,
’ 39
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Wedght and Hedght of Female School Childr
Official Schoals - Lourenco M
(Mozambique) 196162

Table IIIm

en by Race and Age

arques

No.

Means No, eans
Race  Age yeighed Kilos S.E, Measured (cm,) S.E.
White 9 223 29.5 % .375 227 1.29 % ,005
10 249 33.0 t .39 249 1.36 % .00k
1 322 35.8 + 384 324 1.0 * .o04
12 281 39.9 % .L62 287 1.6 % .o04
13 209 h3.2 t )83 217 1.51 + 004
1L 181 ks.9 t 461 196 1.55 * .00
15 125 b8.1 % ,ouh 137 1.55 + 008
16 51 48.7 % .682 65 1.58 % o007
Negro 9 L8 26.h t Y32 L8 1.28 %t ,080
10 39 28,00 % ,528 39 1.30 % 105
11 35 1.7 * .936 35 1.36 * .a11
12 Lo 6.4, t .878 o] 1.hk2 % ,009
13 25 Lho.9  *1,22) 25 1.48 t 1o
14 21 45.0 1,000 21 1,51. 11,000
15 18 L18.5 *1,209 20 1.57 *1.209
16 15 k9.5 *1.37 16 1.56 11,317
Mixed 9 77 26,0 t )63 79 1.27 t ,078
10 72 28,7 £ ,520 72 1.33 % ,007
11 ) 3.0 #1,050 L6 1.38 t .m0
12 74 37.6  t .767 T4 1.5 * 008
13 L3 . .3  *1.178 Lk 1.49 % ,009
14 L2 L6.0  t 098 L3 1,55 t ,008
15 27 48.6 t1.00) 27 1.55 % ,120
16 19 50.0  f1.211 20 1.61 + ,009
Tndian 9 k2 25.2 % Q19 LS 1.26 % 095
10 35 28,2 £ 993 36 1.33 & 012
11 L8 30.3 t 740 L8 1.37 * .nlo
12 Ly 35,2 1.182 uh 1.4 % ,017
13 Al 36.8 N1l la 1.8 + .01
14 28 kh.2 %f1.21) 28 1.53 t .00
15 13 b1 21,847 14 1.56 + .012
16 10 bh.3 *2.168 8 1.58 * ,ok2
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these determinations (and also for those of female weight and male
height and weight), each age-race subgmup was not compared with
every other age=race subgroup. Instead, the data were examined and
gelected mbgronps were canpa:.red ~- inferences being drawn based on .
the relations of othecrA subgroups to the compared Buhgroups; For ex~-
ample, if statistical significance could not be demonstrated for a
difference in mean height of White g:l.rls at a given age and mean
height of girls of the same age of the racial group whose mean was
farthest from that of White girls, then it was considered unlikely
(since mmbers in non-White age-race groups were approximately equal)
that a statistically significant difference would be present for the
difference in mean heights of ﬁ'hite girls of this age group and girls
in other race groups the same age, Likewise, when differences appeared
S0 great that it was considered likely that statistical significance
would be pfesent, the difference of means of race-age gr&ups closgest
together were examined., If statistical significance was present for
these, then it was inferred that means of groups deviating more widely
also would be significamt. |

A 149 test o.f. the differences between mean heights of White
and Negro girls ages 10 through 1l; showed these differences to be
significant at the .00l level, Differences in other subgroups were
not statistically significant,

b. Male, Mean height of males as shown in Figure 12 and
Table ITIb follows samewhat similar patterns for all racial groups.
The change in the slope of growth curves at ages 10 and 11 suggested
a "growth spurt® but the indication was not strong. There was no




Table ITIb

Wedght and Height of Male School Children by Race and Age
Official ‘Schools - Lourenco Marques
(Mozambique) 1961-62

. Mean

Race  Age Weggﬁed %ﬁgs -S.E. Heaggred (em.)  S,EB,

White 8 118 28,2 = ,388 109 1.1 % ,006
9 206 n.7 % ,.358 206 1,36 %,
10 212 Lk & Lhos 212 1,40 *,005
n 165 3.2 £ ,519 16l 1.h3 %,006
12 181 k2.3 1+ ,648 182 1.50 't ,006
13 179 6.2 2 ,643 178 1.55 +,006
1y 183 52,0 : 721 , 185 l.60 *,006
15 165 56,6 t .71l 165 1.67 %.006
16 50 6.9 +1.126 50 1,69 %.,mo0

Negro 8 is 26:7 t1,03¢9 16 1,28 *,m13
9 n - 28,k t1.039 11 1.33 %,019
10 29 28,9 11,259 29 1.3k, .ol
n 34 33.6 + ,877 3l Ll t.ak
12 . 2 35.2 11,336 2L 1.hy t.012
13 28 4o.8 a1,2)) 28 1.52 +,015
1k 19 47.7  i2.la7 19 1.58 +.018
15 9 53.0 %2 )17 9 1,62 t.022
16 3 50.6 -~:2,682 3 1.63 *,03

Mixed 8 15 26.3 45.10 13 1.30 *,019
10 65 28,8 % ,635 65 1.3y  *,004
11 43 30,8 + 8L L2 1.37 +,011
12 3 36.h  +1,118 30 47 .05
13 21 39.6 1,725 21 1,50 #,018
1} 21 k7.3 21,747 al 1.60 *t.ms8
15 10 50.1 12,36], 10 1.66 t+,023
16 3 6.3 11.51) 2 1,75 t.035

Indian 8 12 24,0 & 754 10 1.28 %,01h
9 26 26, $1,153 26 1.3y *,012
10 36 29.6 % ,953 36 1.36 +,02
11 46 1.8 * .48 46 .h3  t.010
12 32 35.0 +1,180 32 147 t.06
13 33 k2.6 +1,390 33 1.56 *.m3
1) 22 5.5 22,247 22 1.58 t.01)
15 18 h9.6 11,993 18 1.65 *,019
16 8 53.3  #3,396 8 1.75 t.008




ciear' evidence of deceleration of growth at the older age levels,
elthough the Indian boys had less increase in mean helght at ages
about fourteen than they did at earlier ages. As was true with
‘girls, the mumber of children in the mon-¥hite groups at clder ages

was small and therefore means may be less accurate representations for

these than ?or the White group. However, Negro males had lower mean
heights at all ages than did White males and these differences were
significant at the ,00 level, Statistically significant differences
in other age-race subgroups did occur but were scattered and not
consistent for certain races at all or inost ages,

Males of all races had/greater mean heights at all ages than

females,

3, Weight

a., Female., As shown in Figure 13 and Teble IIla, the mean
weight of girls ircreased steadily by age. There was no clear evi-
dence of a "weight spurt” nor evidence (except in the case of Indian

girls) of deceleration or cessation of weight gain. As was true with °
height, the White girls had higher mean va:!.ues in the lowa' age groups
: ﬂ:a.n did girls of otha- races. The Indian g:i.rls were consiatently

ligrber in weight at all ages than were girls in the other racial
groups, (p = .OOL at all ages.) It appeared that weight ga:Ln in
Indien girls did not inerease after age li. Negroes through age 1l
algo had mean weights significantly different fram those of White

girls (p = .0L to .00l at different ages), The other three age groups

had similar mean weights at ages 15 and 16. Also, as was true for
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nessurenents of helght, mall mmbers in non-Hiite children at older
age levels limited the interpretation one ‘covld make fram the data.

' b. Mile. As shown in Figure 1k end Table IITb, mean weight
in all race groups for males Wed with age., The ie'ights of White
boys were considerably higher at all age levels, except 16, than those
of othep groups. (p = .0l at all ages.) There was no clear evidence
of a "weight spurt” in any race group. The mumbers of observations
made at age 16 for non-White groups were small (e.g., Negro - 3,
Mixed - 3, Indian - 8) and therefore the means are not reliable, The
mmber of observations for White b&ys was adequate afxd there was evi=-
dence of deceleration in weight gain occurring between age 15 and 16.

k. Meparche ' . o
In Figure 15 and Table IV are shown the percentage of girls !

7 by race in each age group who have passed the menarche, Below the age

of 11, less than 10 per cent of the girls in any race group have passed

the menarche and by age 15 almost all are post-menarchal, In the White,

Indian and Mixed- racial groups, the per cent of post-menarchal .girls

at given ages rises sharply between 12 and 1) whereas not until age 1l |

in the Negro group are an appreciable mmber of girls post-menarchal.

5. Relationship between Menarche and Helght and Weight

Tables V and VI and Figures 16, 17, 18 and 19 show that post~
menarchal girls of all races and at all ages are taller and tieavier
than their pre-menarchal counterparts.
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Table IV
Per Cent of Post Hérmrchal Female School Children in Each-.

Age Qroup by Race, Official Schools, Lourenco Marques e -
(Mosambique) 1961L-62

Age in White' : \NQE% Mixed . . Indian
Tears I'yo.: M°, % | No, [MXI™4_: No.. M* %  Fo, M* %
! -

9 227’; 1i Ljbg |-
10~2h9'1h'56 391 1
1m o jseh| 3817 3B | 2
12 {20705 3&5-;&0‘ b|33.3) T |
13 $217{183:70.5) 25 { 13| 52.0f Wik @ 29' 65.9 L1 19 k6.3
u 196|177 903} 21 | 16! 76.1 13 ;ise.0l o7 25 9.5
i 27 27200 & 1h - 1100

18 l13l1m:igs.6, 20 | 20ho00 |
16 . 65| 62.95.3 16| 16000 |

t i : !

20 | 20 100 . 8 8100

*M = number post menarchal

1301750 Wi 12f 21,2 T



Table IVa

Onset of Menarche of School Children by Race and Age
Official Schools - Lourenco Marques
(Mosambique) 1961-62

. Means
Race Age Number (in months) S.E.
~.__White 9 1 108,0 -
T~ 10 1k 121.3 + 160
- e 1. 38 136.2 ﬂ'937
\% 10, 139.7 £ 7170
13- 150 146.2 + 835
1) 176 151, : ,756
15 129 150,9 +1,006
16 62 153,2 11,783
Negro 9 0 - -
) 10 1 121,0 -
11 2 138.0 £2,836
12 k ' 1.5 4,030
13 12 153,5 +2.433
14 16 156.8 11,929
15 20 , 162,2 + ,268
16 16 159.6 £ 342
Mixed 9 1 117,0 -
10 1 118.0 -
1 1 139.0 -
12 13 142.8 +1.,84L
13 29 149.9 11,685
14 37 157.8 41,929
15 27 157.6 £2.480
16 20 161.2 13.378
Indian 9 0 - -
10 1 126.0 -
11 3 136.7 $1,098
12 12 139,9 +2,054
13 19 148.0 1,846
1l 26 153,0 12,200
15 1 156,0 £3.274

16 8 160,0 , +3.286




Table V

Mean Heights in Meters of Female School Children by Age, Menarchal Status and Race,
Official Schools, Lourenco Marques (Mozambique) 1961-62 :

" RACE

Age White Negro ' Mixed : Indien
in Pre- Post- Pre- Post- Pre=- Pogt= Preo= N Post
Years Menarchal Menarchal Menarchal Menarchal Menarchal Menarchal Menarchal Menarchal
No. X Mo, X No. ¥ No, ¥ No, X No. ¥ No. ¥ .No. ¥
9 226 1,30 1 1,36 L9 1.28 - - 78 1,28 1 1.32 L5 1.27 - -
10 235 1,36, 1 1.42 38 1,30 1 1.3 71 11.34 1 1.37 36 1.3%9 1 1,38
11 286 1.ko 38 1.7 33 1.36 2 1,47 L5 1,39 1 1 b5 1.37 * 3 1.6
12 182 1.Mh 195 1.51 36 L L 1.6 61 Lb5 13 152 32 k2 12 109
13 6y 1.47 153 1.54 12 1.4k 13 1,53 15 1,L6 29 1,51 22 1.5 19 1,53
W19 LhS 177 1,56 0 5 148 16 1.53 6 .54 3 15 2 1,50 25 1,53
15 6 1,45 131 1,57 - - 20 1,57 - - 27 1,56 - - 1k 1,56
% 3 153 62 158 - - 16 1.86 . . 200 .66 - - g 1,58




Table VI

Mean Weights in Kilograms of Female School Children by Age, Menarchal Status and Race,
Official Schools, Lourenco Marques (Mozambique) 1961-62

/4

RACE

Age White Negro Mixed Indian
§n Prew Pogte Pre- Post-~ Pre- Post- Pre- Post- -
Years  Menarchal Menarchal Menarchal Menarchal Menarchal Menarchal Menarchal Menarchal.
: No. X No, X No, X No. X No, ¥ No. ¥ = MNo. ¥~ No, . X A ‘
9 226 29.0 1 3.5 k9 263 . . 58 1 %9 5 7 - - -
10 235 32,8 11 3.0 38 21.9 1 30 28,7 1 3.9 36 27.8 1 29.7
11 286 35.2 38 39.9 33 ;NI 2 L2.2 ks 33.8 1 13.8 45 29,8 3.39.0 ;
12 182 37.3 105 h6.1 36 35.6 L L3.6 61 36.3 13 Lh.O 32 32,2 12 L3.5
13 64 39.0 153 Us5.8 12 36.4 13 L5.2 15 36.1 29 b5 22 34,6 19 39.0
1k 19 40.0 177 48.6 5 Lh2.2 16 15,9 6 Lh.2 31 W.0 2 Lo,k 25 Lh.S. %
15 6 1.3 131 50,2 - - 20 50,8 - - 27  48.6 - - 1 15,0
16 3 6.7 62 51,2 - - 16 50.8 - - 20 50,7 - - 8 Lh.3
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\a
6, Height Increment Ratio

With the exception of the 1Q Indian males in the eight-year
age group, the mean helght increment ratio for the Indian, White and
Mixed racial groups'showed a geﬁera.l increase between ages 11 and 1k
and a decline afber that, (Tsble VII and Figure 20.) The Negro males
appeared to follow a pattern different from that of other racial
ngups. At most ages they had a lower mean height increment ratio
than other races and the peak increment in Negroes was the lowest of

all races, ) *

T. Increment of Weight

Increment of weight determinations gave unanticipated results
which made the data difficult to interpret meamingfuwlly, A relatively
large mmber of boys in each race group showed la;aj;:ig;s af‘the
time of their second weighing than they did at the first., This is BRPRE
understandable in light of the adolescent "fat-spurt" which heralds
puberty in some males and which disappears later. However, for many
boys, adolescence is marked by steady weight gain. Thus two charace-
teristics of somatic maturation may result in increments of weight A
golng in different directions, i.,e., negative and positive. Because
the: result was unanticipated, additional data were not available to
. interpret better the positive and negative increments of weight in the
boys in this study. ‘Eha"efore, increment of weight was not used as a

measure of maturation.

8, Visual Acuity
The lowest visual aculty in elther eye by the Monoyer Scale
was used to clasgsify the children (Tables VIII and IX), The

>




Table VIT

Mean Height Incx:énent Ratio® Male School Children
by Age and Race, Official Schools, Lourenco

Marques (Mozambique) 1961-63

White Negro_ _ Mixed Indien
8 029 | 123 } .026 16 ‘ .028 i 15 .032 i 10’
9 | .ozr | 21 | .o30| 12 § .00 30 | .008 ’ 26
x :
10 .030 | A3 .029 29 | .03k 65 .025 ;38
n | .03 | 166 | .20 | 38 | .oz 13 O3 ! L6
12 .038 | 182 020 1 2 | ,037 30 .039 i 32
13 . .ohh | 18 029, 28 w036 22 .038 | 34
W | .00 | 186 | .023 g 19 | .o 22 | .om 5 22
15 | .026. | 166 , 033§ 9 | .02 10 026 g 18
16 | .020 @ 50 t 023 0 3 | .o 3 ¢+ .05 8
) K . f
YHy-H

where H.l = heipght 1961-62

and Hyp = height 1963
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Visual Acuity ﬁFmﬂe&m
and Age - Official Schdols =
) (Mozambique) 19
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e
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Visual Acuity (Hdnoyer) "Worst ‘Fyet®
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eye" as described in text of children not




Visual Acuity of Male School Children by Race and Age
Schools -~ Lourenco Marques.
(Mozambique) 1561-62

Official

Table TZ

60

ig’, “Monoyer Scale Acuity in "Worst? Bye®
Race Age go' 3 .0 APER .2 3 ch -5 16 .7 08 .9 1.0

&= 5‘3 No. No. No. No. No, No, Mo, No. No, Wo. No. &

white 8 123 L 3 - - - -1 - 2 2 1 ‘110 89
g 206 17 2 1 1 1 1 1 - 1 1 1 189 92

10 215 5 - 21 2 - - 3 1 1 1 199 93

11 167 & - - 2 - 1 - L 3 6 1 16 87

12 18k b - - 1 2 1 1 - 2 3 5 165 90

13 179 3 - 2 ) 2 5 1 - 5 2 2 153 85

1 184 6 - 1 5 - - 1 201 1 2 164 89

15 167 L - 2 L - 1 1 - 7 3 - 15 87

16 51 5 - - - - 1 - - 3 5 - 31 13

Negro 8 16 - - - - - - 1 - 1 - - 1L, 88
e 11 -~ - - - T - - - - - - 11 100

10 %0 1 - - = - 1 - = = = = 28- 93
o3k - -1 - == o= = =1 1 1 A

12 23 - = = 1 - = = = 2 = = 20 87

13 28 - - - - - - - - 1 - - .21 9

1L 18 - - - - = = = = - = 1 17 9%

15 9 - - - = - - - - - 1 1 7 18

16 3 - - - - - - = - - - - 3 100

- Mixed 8 15 = - - = - - - - - = - 15 100
9 3 1 - - 1 - = = 1 2 - = 25 83

W0 W - - = 1 - 11 - 2 - 1 1 87

17 3 - 1 1 - 1 - - = = = = 30 9

12 20 1 = - 1 3 = = = = = = 15 15

13 2 1 - - = = = 1 = - == 19 90

14 20 - = = = = = 1 - - = - 19 95

15 9 - - - = - = 1 - = - - 8 89

16 h 1 —_— - - - - - = - 3 75
Tndian 8 12 - - - - - - - - - - - 12 100
9 26 = - - - - - = - - - - 26 100

0 36 - = - = =1 - - - 1 - 3l 94

11 b - - = - - 1 = - = 3 - 2 95

12 32 = = = = 2 = = = = = = 29 91

13 3% 2 - - - - - - - 1 = 1 1 89

Wm 2 - - - = =1 - = = 1= 20 91

15 18 - - = - - - - - = 2 - ik 178

16 8§ - - - - - = = - = 1 - 7 88

#y7isual acuity in "worst eye”

wearing glasses,
#trhildren wearing glasses.

as described in bext, children not already -




children were grouped by race and age for each sex, There were no
striking or consistent diffa-ences in the percen‘bage of race-age

7 subgroups with normal (1.0) visual acuity. There was, ‘however, a

difference in sexes, With only cne exception, males in all race and
age groups had higher percentages with _noma.‘l. visual acuity than did
females, ,

The omission fram testing of children already wearing glasses
makes it impossible to determine rates for different levels of visual A
acuity, Although the mumber of these children was not large and they
were scattered rather evenly throughout the age, sex and race sub~

groups, they did, in White children, constitute a rela.tifely large
proportion of children with sbnormal visual acuity.

9. Consecutive Detemination of Visual Acuity (Males)
In Table X are shown two visual acuity dataminations taken
a year apart for 2176 males. Apprax:imately two per cent converted
from normal to abnormal dur:l.ng this period. Of the approadmtely nine
per cent abnormal on flrst testing, one per cemt converted to nornmal,
one per cent showed improvement but were still abnormal, two apd a half
per cent ranained unchanged in their abnormality, and about four per
cent were worse. The category "missing® refers to children not ex-
amined a second tﬁg.

10. Attendance at Eye (!Lﬁ:ic

Table XI shows the percentage of females and males, by-visnal
acuity group (“worst" eye) refm'red to the eye clinic and snbsequenttly
visiting the eye clinic, A1l children who were wearing glasses at the




|
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Table X

Visual Acuity on Two Consecutive Annual Determina-
tlons, Male School Children, Official Schools,

Loureénco ues (Mozambique)
otees
First Visual - i Second Visnal
 Acuity , Acuity
Number 3
Normal 1760 81.6
Normal Abnormal il 1,9
Migsing « 17h 8.1
Normal 22 1,0
‘Abnormal T Abnormal g:;:a;;%zgs%) 6L 7.2
"(Worse 83 (3.8%) ,
Missing 18 .2
Total ' . 21;(6 100

f"-“\
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Table XI

Number of School Children Referred™ 'bo Eye Clinic Actually
Attending Fye Clinic (by Sex and Visual Acuity) -
0fficial Schools, Lourenco Marques -
' (Mozambique) 1961-62

Xi“f»ilorﬁ"ge Seen at Clinic Not Seen at Climic
on Referral Female Mgle Female Male
. 0.9 83 (bug) 11 (17%) 103 (55%) 52 (82%)
0.8 20 (272) 2 (48%) 53 (72%) 22 (51%)
0,7 and 0.6 62 (56%) 271 (64%) L7 (L3%) 15 (35%)
0.5 or less L2 (638) 57 (60%) 2 (36%) 31 (39%)

*Does not include children wearing glaases at time of visual
acuity examination.

time of visual acuity testing were not tested but referred directly to

the eye clinic, About 85 per cent of girls and 15 per cent of boys in
this category subsequently attended eye clinic. However, they are not
included in these tabulations because they could not be classified by
visual aculty at the time of screening examination.

Approx:f.mately half of the children (Table XI) referred actually
vigited the clinic for diagnosﬁ.c studies, Males and females whose
loss of visual acuity was of lesser degree visited the eye climic less
frequently than those with losses measured at 0,7 (Monoyer) or worse.
However, differences Setween gexes in the 0.9 and 0.8 visual aculty
groups were marked and not Teadily explainshle, Approximately half or
move of the referred White, Mized and Tndisn children of both sexes
attended clinig while only one-third of Negre boys and girls did so.




PSRRIy

Attendance ratio for males of all races wag slightly higher than that
for females.. .

\ 11. Confirmation of Screen:!.né Bvalugtion

N In Table XTI children of both sexes who received refractions
are grouped according to-their visual acuity on sereeming and their
diagnosis as normal or abnormal after reffaction. As would be expecte
ed, children with low levels of visual acuity on screening had the
highest percentage judged abnormal after refraction. It is worth
noting, however, that 11 of the 86 children in the 0,9 visual acuity
group at screening subsequently were judged to have a refractive error
nmeriting correction, -

Numbers were too small to determine whether there were differ-
ent patterns in the four racial groups.

Table XIT

Number of School Children® Attending Eye Clinic and
Diagnosed as Having Errors of Refraction (by Sex
and Visual Acuity), Official Schools,
Lourenco Harques, (Mozambique) 1961-62

' Visual douity Eveluation after Refraction
of Poorest Eye Normal
on Referral Female HMale Fanaléhnomall!&'!.e
0.9 72 (862) L (36%) 1 Q3 7 (63%)
0.8 3 (15%) 8 (38%) 17 (858) 13 (a1%)
0.7 and 0,6 1y (228) 7 (25%) 48 (172) 20 (7h%)

0.5 or less -0 0%) 1(2%) ‘42 (1008)  56.(98%)

*Does not include children wearing glasses at time of
visual acuity examination,




12, Refractive Diagnosis

Ch:f:ldren wearing glasses at the ‘b:lme‘ of visual acuity screen-
ﬁ.nga.nd sent direcﬂytbthe eye clinic without a test of visual acuity
were refracted as were children with low visual acuity who attended
the eye clinic, These two groups are combined in Tables ZTTIT amd m,
and the total mmbvers, therefore, in these tables are greater than
thoge in Tables XT and XII,

as shcwn_in Tables XIII and XIV, children were grouped by age
and race (separately for both sexes) according to the diagnosis made
by the ophthalmologist after refraction. Because of the small mmber
in the subgroups, only two age groups werse used, 9-12 and 13-16 years.

, In White children of both sexes hsp;rmetropia predominated in younger -

children and myopia in older, Total mmber of children with refrace

tive errors was appfaximately equal in the younger and oldeté age groups.

The same relationships were noted also in Indian children, but mmbers
of observations were amall, In both Negro and Mixed race groups total

mmbers of réfracti_.@ errors were greater in older than in younger

" children and hypermetropia was more common than myopis in both age

groups, These relationships were more pronounced in females than males
and especially striking in Negro females.

Because not all children referred to the clinic actually at-
tended, it is difficult to determine a reliable denominator from which
rates of various refractive errors can be calculated for different
racial groups. One can not assume that the refractive diagnoses of
the group mot atbending would be the same as that of the group atbend-
ing, even if classified by screening y:.sual aculty status,




Table XIIT

Refractive. Diagnosis by Race and Age, Female School
Children, Official Schools, Lourenco Marques
T (Mozambique) 196162

White . HNegro . Mixed Indian--

\ Diagnosis 9-12 13-16 9-12 13-16 9-12 13-16 9212 1316
yrs. yrs.  yrs. yrs.  yrs. yrs. yrs. yra,

‘Myopia 17 33 1 0 1 3 1 6
Metpia M5 23 .4 10 6 8 51
Mixed Asg- :
tigmatism 1 . 1 - - 1 - - -
Other™ L 5 - 1 1 - - -
Table XITIa

Refractive Diagnosis by Race and Age, Male School
Children, Official Schodls, Lourenco Marques
..(Mozambique) 1961-62

DL 1 White Negro Hixed Indian

SEMOBIS 932 1316 9412 1316 9412 1316 9412 1316
yrs. yrs. yrs. yrs. yrs. yra. _yrs. yrs,.

Myopia 1 29 2 0 L 2 2 2

Hyper-

metropia 32 1L 2 2 A 6 [1 1

Mired As-

timﬁﬂm - - - - - . - - -

Other® - 1 3 - L2 - - 1

*H)epharitis, conjunctivitis, corneal scar, strabismus, optic atr
and epicanthal folde: o ’ > P i




;.l‘able v

Degree of Refractive Error by Diagnosis, Race and Age of Female School Children,

Official Schools, Lourenco Marques (Mozambique) 1961-62

: RACE , ,
in . Amt, of Amt, of Amt, of Amt. of Amt,of Amt, of Amt,of _  Amt, of
Years Myopia Hypermetropia, Myopia Hypermetropia. Myopia Hypermetropia Myopia. Hypermetropia
3 34 # 0 3F # I B ) T L A F
9 0 o 7 2 0 o o o 0 o R o0 1 1
10 2 o 15 1 0 o0 0 0 0 o 3 0 1 0 0 o0
nmi 5 2 11 1 1 0 1 0 0 o 1 0 0 o 2 0
12 L 8 0 0 o 3 1 5 1 0 0 o0 0 0
13 7. b 6 1 0 o0 6 0 c 1 2 o] o 2 o -0
ik 5 5 5 1 0 o 2 0 2 0 3 ) 2 0 0 o
15 4 2 6 1 0 o 0 0 1 o0 2 0 1 0 0 0
16 4 2 3 0 0 o 0 0 0 o 1 0 1 0 0o o

#.,10D t0 - 2.9 D

: qu"-3Da.ndcv<=ar

#+.10Dto+2.9D
##+3Dandover

l9



B.. Assgociations.

%

1, Height, Weight and Visual Aci:ity
-a; Females. Heights and weights were tabulated separately
for femsles according to the Monoyer vision test. At school screen-
ing the' means by age and race for these two.grdups, normai and ab- .
nopnal, are shown in Tsble XV and Fgures 21, 22, 23 and 2. Only in
the White females were mmhe.xjs large enough so that differences in
means of Weight and height for girls of a given age with normal and
abnormal vision could be tested for statistical significance, Only
in 15 year old White girls were mean heights and weights significantly
different in the nonuai and abnormal-visual acuity groups at the <05
level or better.

b. Males. Heights and weights were tabulated separately for

‘males according to results of the Monoyer vision test. The means by

age and race for these groups are shown in Table XVI and Figures 25,
26, 27 and 28, Only in White males were mmbers large enough for
statistical testing, Of the mmerous subgroups only 12 year old White
boys showed a difference at the .05 level in mean weights of males
with normal and abnormal visual acuity.

2, Height Increment Ratio (Males) and Visual Acuity
‘ As shown in Table XVII, helght increment ratios were determined
by race and age for males having normal visual aculty and for males

having abnormal visual acuity.- Numbers in non-White race-age subgroups’

were too small for further analysis, Height increment ratios for White
males with normal and abnormal visual acuity are displayed in
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Table XV

Mean Wedght and Height of Famales with Normal and Abmmal Visual Acuity by Race and Age. -
- Official Schools ~ Lourenco Marques (Mosambique) 1941-62 B

— e -

. . ' .D. Mean Hejght 8D,
ne A No. Weighed He?nldJ‘fg% v frgmnnean No. Measured ea?cne%@ - froa Mean
ce e T N. b, N.  Ab, N.  Ab.  N. Ao, N. - Ab,.
10 222 27 32,9 32,0 6.20 6,07 222 27 1.37 1..36 .07 .07
11 258 &4 35.2 35,2 6,90 6.58 259 65 1.h0 - 1.40 07Tt
. I3 155 55 43.0 L3.2 6.90 17.70 161 56 1,51 1,50 06 Lo
_ 1k 133 L9 k5.7 LS.B 6.00 7.00 1Lk 52 1.55 1.53 .06 . ,07 -
15 N 28 - 47.6 L8.7~ 5.90 6.79 106 31 1.56 1,57 06 06
Negroes 9 kL b 26,0 27.3 3.00 k.27 i N 1.28 1.3 .05 .05
.10 37 2 27.8  26.0 3.40 2,00 37 2 1.30  1.29 .07 - 06
11, 29 6 32.0 28.7 5.60 L.60 29 6 1.37 1.32 .06 . .08
12 . 32 8 37.3  37.9 5.80 7.15 32 8 1.h2 1.5 06 .07
13 a ! 40,7 }2.3 6.30 9. pal k 1.8  1.47 .07 . .10
- 1l 16 5 L7 bL.8 5.00 2.1} 16 5 1,52 1.9 .05 .05
| 15 I L 48.3 18,3 5.b0  5.72 16 L 1.56 1.60 O o7
' I 16 1n L 49.0 50,5 5.300 L.as 12 4 1.56 1,60 .06 ,06.
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Table XV (continued) :
- f\h

. No., Welighed Mean Wejght S.D. No. Measured  Mean Height S.D.
Race Age & ?%_loﬁghq - from Megn ea,?m. en from Mean
. N. Ab, N. Ab, N. Ab, Y. Ab, N. Ab, N. Ab,

Mixed 9 T1 6 25,9 22,7 h.,07 . 3.25 73 6 1,28 1.2h .07 .06
10 6y 8 27.8 32,9 k.00 6.50 64 8 1.33 1.37 .06 .06
11 37 9 32.7 37-6 7000 9cho 37 9 A} 1.38 1-’40 .08 005
12 63 n 37.3  37.5 6.61 17.08 63 11 1.6 1.8 07 .06 .
13 33 5 ko.7 h2.8 8,20 6.25 3l 10 1.9 1.51. .06 .06 -
T O 5. 147.0 6.80 6.33 35 8 1.55 1,56 .05 0. Voo
15 24 3 LkB.0 19,7 5.07 6.80 2l 3 1.56 1.55 05 0L, :
16 . 13 6 L8.8 51.7 .90 5.90 1 6 1,60 1,60 .0l .0L *

| i .

Indian 9 36 6 25.3  23.3 .20 2.63 39 6 ‘1,27  1.26 .07 06 ;
10 28 7 28,3 26,7 5.0, B.53 29 7 1.3k 1.3 .07 .09
N by L 30,1 29.8 5.32. 3.56 L i 1.37  1.36 .07 .08
12 I 3 34.6 .7 7.20 11.59 il 3 1.4y 1.h7 .06 .06
13 36 5 36.0 140.0 7.60 5.62 36 .5 1.8 1,50 .08 .08
i 23 - h Lh.6  39.3 6.80 2.59 23 N 1.53 1.53 .05 .05
15 10 Lk k6.1 1.5 6.75 10,50 10 k 1,57 1.55 .05 .0l
16 7 1 k.1 l3.0 3.76 0.00 7 1 L 1,57 1.62 .01 .00

"ol
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Table- XVX

Mean Weight and Height of Males with Normal and Abmormal Visusl Acuity by Race and Age
Official Schools - Lourenco Marques (Mozambique) 1961-62

t

8.7,
Race Age Ho, Welighed He?nugg?lt fron Mean FNo. Measured X eg

N, Ab, R, Ab, H. Ab, N, Ab., H, ) ) Ab-
. Whites - 8 109 9 28,2 27.6 L.07 5.75 109 - 1 -
.9 188 18 3.7 32.1 5.19 Lh.6; 187 19 1.36 1.37
10 198 1y 3.5 331 6.23 14.73 198 14 1.0 1,36

11 146 19 364 344 6.60 1.2 1% 19 .43 1.,
12 1 17 k2.6 39,6 9.00 "}.62 165 17 1.50 1.k
13 1 26 h6.0 U47.6 8.80 17.37 152 26 1.5 1,56
i 1 pal 51.7 Sh.3 9.7k 9.90 163 22 1.6 1.62
15 1k, a 56,6 56,7 9.1k  9.30 14k pa 1,67 1,67
16 37 13 7.5 55,1 7.80 8.2 ‘ 37 13 1.69 1.6%
Negroes 8 13 2 26.5 29,0 -3,00 8,00 1 2 1,28 1,30
9 n 0 8.k - 4.20 - 11 (¢} 1.33 -
10 28 1 28.8 32,0 - 72 0.00 28 1 1.3 1.5
12 20 A .1 Lo.5 5.80 10,30 20 ‘h 1.k 1.7
13 27 1 lllol 3300 6-58 0.00 27_ 1 1.52 1-1‘2
1, 17 2 49.6 32,5 n.08 35 17 2 1.60 1.k6
15 7 2 sh.y 18,0 7.51 6,00 7 2 1,63 1.56
16 3 0 50,6 - k.6Y - 3 0 1.63 -

sl
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Table XVII

| Hean Height Increment Ratio of . Hale School Qaﬂdren :

by Visual Acuity, Race'and. Age. Offiecial Schools, ‘
E Lourenoo Mazwques (Hosambique) 1961-62

'«Agg

Womal stua’[ Acuity

Abnomal Vima'l. Acuitz E
ean

Race  -in ‘ ) , ,
o Yrs. Number Igcrgt ent S D. Nnmber Inc:ia%tnt S D,
White 8 - 10 032 .02k 13 0 .mé6 . .a9
9 189 . .027 | ,02% 22 . o2y %023
10 199 . .030  .028 i 2023 - ,018°
11 6,033 .037 20 «023 Ut
12 165 038  .023 17 4033 .033
- 13 153 o6 027 28 03l .020 -
1l 164 0o 024 22 .041 +033
15 145 .025 020 21 .029 .020
16 37 A7 .03 13 .029 .025
Negro 8 1k _«026  ,020 2 .030 .000
9 1 .030 015 1 .000 .000 -
10 28 029,017 1 040 - ,000
1 k1N .020 - 017 L Nuk 011
T12 20 022,016 . .010 012
13 27- ..029 016 1 .030 .000
15 "7 .027  .027 2 055 015
‘ 16 3 023 .012 0 -
- Mixed 8 15 .028 016 0 - -
; 9 - 25 .029 .028 S .036 .050
10 59. .034  ,025 6 .038  ,026
11 . n 024 012 2 015 015
12 30 . .037 029 0 - -
13 . 15" .030 016 7 .050 .033
1) 19 .03k ,016 3 .033 .029
15 - 8 .031 016 2 .00 .010
16 3 017,012 0 - -
Indian . 8 10 032 028 0 - -
9 26 .028  .017 0 - -
10 3k 2L 019 N .035 .026
n k2 .030 015 b .038 .05
12 29 LOh0 - ,026 - 3 .033 0ly7
1k 20 .037 . .01k 2 040 1020
15 . 1k: . -.028. .0l6 A SR o) £ .025

“Hp - Bl B = height 1961-62  Hp = helght 1963




. ' &

Figaves 59 and 30, Tt will be seen that in evm'y age wp to 1k, males
with normal visual acuity had greater height increment ratio then did
those with sbnormal visual acuity, After age 1k this relationship was
reversed, - Viewed longitudinally, it appears that males with mormal
visual aculty antedate malles iith abnomal visual acuity in their
height spurt. The mean height increment ratics for White males with
normal and abnoymal visual acuity differed at a significance level of
.OL at ages 8 and 13 years and at a level of .05 at age 11 years. At
all other ages, p > o05.

Inythi.s analysls, it nmst be noted that children wearing
glagses at the time visual acuity was d_etemined were placed in the
abnormal group., Tms, the entire White male population is represemted
in these tabulations,

3. Visual Acuity and Height Increment

The relationship of height increment and changes in visual
aculty (Table XVIII) for boys was compared over all ages and races
using the medien test, “ The resulting chi-square value of 0.699 is
extremely low and indicates that height increment and changes in vis-
ual acuity over a one-year period are not related.

k. Menarche and Visual Aculty _

The population of White girls was divided into those with -
normal and with abnormal visual acuity.l In each vision group, the
members who were post-zﬁenarchal were arranged both by chronological
age and by menarchal age. Three menarchal age groups were considered:
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Table XVIIT

-Change in Visual Acuity on Two.Consecutive Anmial Determinations,
‘ .~ by Hedght Increment for the Same Period,
) " Male School' Children, Official Schools,
Lourenco Marques (Mozambique) 1961-63

'35‘?:

Visual Acuity on First and Second Determinations

Normal 1st Abnormal ‘1st Normal lst °
) Normal 2nd’ Abnormal 2nd . Abnormal 2nd
Below. or Equal to - -
the Median Height
Increment 866 67 16
Above the Median -
Height Increment 822 . 61 15

2,09 dfm2x1=2

p is not significant

, N S
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Early (9-11), Middle (12-13) and Late (14-16). The percentage of
girls in each memarchal group was determined separéte].y for each

vision group (Tsble XIX). These were:

Normal Vision Abnormal. Vision
Early " 36.7% 36.0% ~
Middle 59.2% 55.2%
Late k.62 8.7%

The pre-menarchal girls with normal and abnormal vision were
then placed on the basis of chronological age in early, middle, and
late maturing groups according to the sbove distributions, For ex-
ample: There Wwere 669 pre-menarchal girls 9 to 11 years old with
normal vision. It was assumed that their future experience re,
menarchal age would follow that of the girls who already had menstru-
ated. Therefore, 36.7.per cent of them were considered to be early;
59.2 per cent middle; and L6 per cent late, Of the 226 pre-menarchal
girls 12-13 with normal vision it was assumed that 92.8 per cent would
menstruate between 12 and 13 and 7.2 per cent from 1l to 16, Thess
percentages also were derived from the foregoing distribution, How-
ever, because girls 12-13 o't_:irlonsly could not be counted in the "early"
group, they were divided in the same proportion as the middle and late

~ groups of post-menarchal girls, e.g., 59,2/63,8 = 92,8 per cent and
S '14.6/63.8 = 7.2 per cent. All of the pre-menarchal girls 1l-16 were

included in the late maturing' group. These tabulations are displayed
in Tables XX and XXa.

’ As is shown in Table XX, the estimated and the real mmbers of
girls in each menarchal group were compared for nomal and abnormal




Per cent of Menstruating Female School Children with Normal
and Abnormal Visual Acuity by Age; Race and Age of Menarche,
" Official Schools, Lourenco Marques (Mozambique) 1961-62

Table XIX

* Normal Visual

Age of Onset Abnormal Visual
Race  of Menarche Acuity . Aculty
No. g No. ;4
White 9 - 911 7 1.h 1 .5
10 - 1011 A 8.2 11 6.2
1 - 13 132 26.h 50 28.2
12 - 1211 184 36.8 L9 27.6
13 - 131 © 11 22.2 50 28,2
1l - 1 20 4.0 1h 7.9
15 - 1531 2 N 1 .5
16 - 1611 1 .2 0 0
Negro 9 - oll 2 3.5 0 )
10 - 1011 1 " 1.7 0 )
11 - 11 6 10,5 1 5.8
12 - 1211 1k 25.0 6 35.2
13 - 131 20 35.0 5 29.}
1 - 11l 12 21,0 3 17.6
16 - 1511 1 1.7 1 5.8
16 - 1611 0 0 0 0
Mixed 9 - o1 2 1.8 1 3.7
10 - 1011 1 .9 1 3.7
11 -1l 15 . 1.1 2 7.h
12 - 1211 33 ‘1,1 8 29,6
13 - 1311 32 30.1 7 25,9
1k - “‘11_% 16 15,0 5 18,5
15 - 15 5 h.7 1 3.7
16 - 1611 1 .9 1 3.7
Indian 9 - 9‘—} e 0 0 0
10 - 10% 2 2.8 0 © 0
1 -1l 1k 20,2 4 26.6
2 - 1211 29 k2.0 3 20.0
13 - 1311 16 23.1 7 16.6
1l - 1411 6 8.6 "0 0
15 - 1511 1 1.k 0 0
16 - 1611 0 0 0 0
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C—~ Table XX
Estimated (M.E.)® and Actusl (M) Menarchal Age
of School Children, Offiecial Schools,
Lourenco Marques (Mozambigque) 1961-62
Normal Visual Acuity
Age of-Menarche
Age at Total
‘ Obséf-vauon 7-1l 12-13 118
M, M.E, M. M.E. M. W,E, M., M.E.
9=11 L2 (242) - (396) - (&) 2 (669)
12-13 83 - 105 (210) - (16) 188  (226)
W 5, - 190 - 23 (26) 2671 ( 26)
Table XXa
Abnormal Visual Acuity
Age 'at . Age of Henm‘che Total
Observation 9-11 12-13 14-16
: M, M.E, M. M.E, M. M.E. M. M.E,
T 9-11 10. (25) - (39) - (6) 10 (70)
12-13 a1 - 34 (16) - (2 65  (18)
1L+ - 20 - 65 . - 15 (2) 100 ( 2)
*Note:

These mmbers do NOT represent observations but are estimates
based on assumptions stated in text.
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Table XX a

Visual Acuity by Hypothé{cical Menarchal Age,*
School .Children, Official Schools, o s
Lourenco Marques (Mozambique) 1961-62 : '

I, Under 12 years of age at observation

Menarchal étatus
Early Middle Late

Normal

Acuity 28 396 R M )
Abnormal X° = 2,4718, daf = 2
Aculty 38 39 80 P(x2,x%) & .30

6
19 L35 E R

II. 12-13 years of age at observation
Menarchal Status -
‘Early Middle Late

Normal,

Acuity 83 - 3S 16 b g2 90 57636, are2
- Abnormal : ’ o

Acuity 1 50 2 8 PRI <.0

nL %5 18 L7

ITI. Over 1L years: of age at observation ,
Menarchal Status i
Early Middle Late i

Normal ]
Abnormal ’ ’ |

Acuity 20 _62 17 102 P(Xzaxzo) .95

“'-?-l: 255 63 3_9-5- i

#NOTE: These mumbers do NOT represent observations but are
estimates based on assumptions stated in text,
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visual acﬁity in three chronological age groups. Chi square tests of
significance were performed, In the, éhronological‘age group 12 to 13,
the difference in distribution of girls ,wi'bh normal and abnormal visual
acuity into the three menarchal groups was signii‘icant at £ .0, In
the other two age groups, no significant differences were observed
between menarchal status of girls with normal and abnormal vision,

It is impossible to interpret the foregoing observations be-
cause of the invalidity of the assumption, that pre-menarchel girls
(as defined in this study) will follow the menarchsl age experience of
post-menarchal girls (as defined in this study). A test of statis-
tical significance under this circumstance has no meaning.

fnother and more valid tebulation of data was made using anly
poat-mena.rchal girls in the 12-13 age group at time of observation,
~ The mmbm' of girls with normal vision who had menarche before 12 and
a.ﬁ;er 12 was not statistica:lly different (chi square test) from that

. in the corresponding girls with abnormal vision.

Tt must be concluded that no meaningful ass_ocia.tion was shoum
between menarchal age and visual acuity.
5. Association of Myopia and. Height in Girls by Age, Menarchal
Status and Race
As described in Section IITI of Methods (page 37), Ige:_i.ghﬁ
weight velues for each myopic girl were placed in relation to smoothed

curves representing mean height and weight values for pre- and post-

menarchai'girla (Figures 31 and 32) and for these groups conbined
(Figures 33 and 3k). | '
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The values used in the above figures are shown in Tables V,
VI, and ITIa. | '

It is .apparent that there was no significant difference between
thes pro~ raml post-menarchal groups of myoplc and non-myopiec girls in
respect to height and weight, It would seem, then, that myopia was
not related to height or weight when menarchal status was taken into °
account, When menarchal status was disregarded (Table XXIa) there

" 8till appeared to be no relation between myocpia and mean height and
weight.

" A similar process was amitted for the non-Whites because of
the small mmbers of individuals in the non-White category. If ons
had sufficient observations for the non-ihite myopic individuals, a
similar analysis could be made. (See Addendum, page 132;)

6. Myopia and Menarchal Age
The distribution of age at menarche of 35 White girls with
myopia was compared with that of the remaining 67) White girls as

follows:

Menarchal Age ) Non ic Myopic
9 8 (1-7%) 0o -
10 52 (17.5%) 1(3%)
11 -~ 182 (26.2%) 5 (u‘oﬁ)
12 233 (33.5%) 13 (37.1%)
13 161 (22.4%) 11 (31.1&;
7] 34 ( 6.1%) 5 (1k.3%
15 3 é 1.2%; 0 -
16 1( 0.9¢ 0 =

Nothing in this tabulation gives evidence to support an asso=
ciation between myopia and early menarche,” The per cent post-menarchal

—



Table .m

Average Deviations and Standard Deviations of Myopic

White Girls from Curve Values of Helght and Welght
by Menarchal Status. Official Schools,
Lourenco Marques (Mozambique) 1962

Height
Post-Menarchal ' Pre-Menarchal
Average .
Deviation + 011 + ,0046
. Standard
Deviation .062L .06L0
Weight
Average
Deviation .323 - 1,067
Standard
Deviation T.47 8,16
Table XXI a

Average Deviations and Standard Deviations of Myopic
White Girls from Curve Values of Height and Weight.
Official Schools, Lourenco Marques
{Yozambique) 1962

Height Weight

Average Deviation L,me . +2,19

Standard bDeviation DA%k 8.08

-
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- abt given égea was compared for myopic and nonemyopic girls. The ex=
pected mmber pre- and poste-menarchal girls was dé*l;emined for each
age and race, Expected values wWere based on the total mmber of girls
whether nvopic or not, within each race and age group. The expected
mmber of pre~ and post~menarchal myopics and the mmber actually

observed were summed for all agesand races. A chi square test was
performed giving a value of .85 (p = .35), indicating no significant
difference between the observed and expected values., It can then be
inferred on the basis of this test that there is mo relationship be-
tween the incidence of myopia and menarchal status.

7. Height Growth Increment Ratio, Myopic Males
Height growth increment rat:lo\was calculated for each boy by
dividing the two m)easuranentg of height taken in successive yesrs by

the height taken at the first year, L.e., 32;131. « Means of height

growth increment ratios ‘were computed for boys with normal vision,
sbnormel vision and myopia in each age intervel., In only the White
race group were mubers adéquate for analysis, The means f;:r ¥hite

boys were plotted as shown in Figure 29 and Table XVII. Although the
values for myopics are based on small‘ mmbers (total mmber White
males = 42), the mean height increment ratios of myopic children ex-
ceed those of chdl&ren with normal visual acuity up to 15 years of
age. Males with abnormal visual acuity, as previouslﬁ— noted, appear
to have a later peak of height increment than either of the other

groups,
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The\'smal'l. mmbers of ob;mtiqm in the myopic éubgrwps by
age (e.gey the aﬁparérrt. peak between 10 and 11 years is based on only
one observatiqn)' 'do not pefmi*t'."‘coc‘nclusions .about differences of mean
height increment ratio nor are they .adequate for stabisticsl anslyses
of these differences. . | '



v, nrsdués:ou
A, Linitations of Study
R

1l, Size of Study. Pomﬂ.ation
" Initdally, it seemed that the mmber of children observed
(4831) would be more tﬁan ‘adequate. to test the h;vpotheses of this
thesis. In retrospect, this was a naive assump‘hion and was based on
a belief that adequacy of subject mnnbm's wag an absolute quantity
rather than a relative quantity dependent on the questions being asked.
For purposes of this study it seemed essential that the stuw group be
gsub-divided by sex (2), race (L) and age (8 for female and 9 for m.ale)
since all of these variables ha.d been demonstrated or suggested by ‘
other observers to be associated with measures of somatic growth, age'
of maturation and, possibly, with attributes of vision, Thus, there - - .
were 68 basic subgroups. When, then, the distribution of a particular
vardable, e.g., height, weight, visual acuity, etc., was determined by
‘l'hese subgroups, additional sub-categories were formed, The problem
of small mmbers was campounded by the fact that attributes such as
normal and abnormal visual acuity were unequally distributed in the
group ~{he mmber with abnomal vision being mich sualler than that
with normal vision. Thus, it became appa.rent readily tha.t compromises
mst be made in order to obtain meaningful analyses of the data, In
some instances subgioups could be combined, as was true in the instance _
of visual aculty ‘rlhm'e, arbitra.rﬂ,y children with 1.0 (Monoya.-) in
each eye me considered normal and all others, sbnormal. Such com~
promises, of course, sacnficed precision and may have obscured

99
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meaningful, relationships, The alterx}ative, howeva:, waes to maintain
the Subgroups and be faced with "eells" which had small or sbsent
mmbers, Combinations of au\higroups were d_éemed unjustified in m\axv
instances, because knowledge provided by other observers indicated
that these subm (e.g.s age, sex,.&\race) were critical to the
problen being investigated, Althouéﬁ disregard of these'variabla_?.
wonld have ensbled larger mmbers to be ayailable for analysis, the
results would have been difficult to interpret, For example, at the
critical period of adclescent somatic growth, it was deemed unwise to
group children by age groups ‘such 8s: (9, 10 and 11); (12 and 13);
(14, 15 and 16). L )

2. Distribution by Age and Race .

The numbers of children in the older age groups (above 1k)
available for study were considerably less than those in younger age
groups., These small numbers in older age groups were a consequence of
early discontimation of school which in most cases was dictated by‘
economic reasons. Also, distribution of children by race wis quite
unequal, For example, originally, five racial groups were identified,
but one of these, the Chinese, had only 57 members and was eliminated
from the study population. Of the remaining, White children were by
fer the most mmerous (3195), the other races having the Pollowing
distribution: Negro, 420; Mixed, 648; and Indian, 504, The race of
geven children was not recorde&. Since the study population repre-
sented the entire 'otficial-school enrollment, this unequal' diatribnfd.oxi
was not a problem of sampling nor could it be solved in eny way except
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by bringizg iuto the study school age children attending rudimentary

schools, Ibis latter category contained rather 1arge numbers in the

: non-Wh::.te race grcups.

’me sma'L‘L mmbers in older ch:.ldren prevented, or made difﬁ.-

_cult, intm-pretations of late adolescent or post-adolescent changes

in vision that might have been present, The small mmbecrs of children

Ain certain racial groups made it more d:l.fficult to make ana.‘lyses of
'_somatic growt.h patterns by race and of attributes of vision by race,

3. Representativeness of the Study Group

- The study group is representative only of children attending .
the off;dal schools of Lourenco Ha;ques, Mozambique. As mentioned
above, not all Lourenco Marques children in the different age and
race cétegoriep studied attended the official schodls, A few,

usually of the Hhi’c.e upper socio-economic groups, attended private

schools wh:lle the renainder, nsually non-White lower socio=economic
groups, attended rudimentary schools, Personal knouledge of the amthor
would suggest that the group attending and not attending official
(gove:.;ment) schools might differ, perhaps markedly, in a mumber of
variables including nutritional status and le;v'el .of maturation by
chronological age. If these attributes are in any way assoclated
with vision, then the non-attenders of official schools might also
vary in vision characteristics,

All children in the study, except those wearing glasses, re-
celved a visual acuity test by Monoyer at school, Of this group,
those with vision less than 1.0 in each eye were referred to the eye

T e
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cl;l.nic for further study., Not all referred children, as was reported
here, attended the eye climic. While it was possible to determine
uhether .those children attending and those not attending differed in
attributes such as race, age, sex, and nsual acuity on screening
e.fxamina.td.on, it was not considered- just:.fiable to meke inferences
about the probable refractive status of non-attending children s:ane
refractive status was not directly aésociated with the foregolng ate
tributes, .’!.ncluding Monoyer visual acuity. 7

L. f"Cross-sectional® Nature of Study

naiS/studj has the limitations associated with any cross-
sectional study of growth and development. The time allotted to data’
collection did not permit anmy other kind; but it is recognized that if
relationships between somatic grow.'l'h and changes in visual acuity and
refraction exist, they would have the greatest chance of being dstected
in a longitudinal rather than across-section study.

5. Weight Increment _

As mentioned eaxlier in this thesis, an unforeseen finding was »
that of weight increments with a negative value. In retrospect, this
shoﬁld have been predicted and additional data collected on boys so
that characteristics of the group with weight loss might be ldentified,
As was explained previously, the coexistence of weight gain and loss
required that boys with each be treated separately (in which instance
the mmbers of boys with weight loss were not large enough to permit
analysis by the various subgroups of this study), or that boys with
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weight gain or loss be considered together (in which instance the
effect of both would be obscured when means for the subgroups were
detem:ihed). Thus, data on weight increment were considered umusable
in this study." |

6. HMenarchal Age

The difficulties inherent in a cross-sectional study were most
evident in the instance of determinations of menarchal age. Because
not all girls in the study had passed the menarche, it was not possible
to determine accurately a mean menarchal age for the entire group.
The members of the group of girls 15 and older had in almost every
instance achieved the menarche, but the rmmber of girls in the 15-year
and 16~year age groups (especially in the different race subgroups)
was small and not sufficient for analyses in relation to other vari-
ables, . Mean menarchal agesfor all girls already menstruating were
determined, but it was recognized that such a determination was biased
in favor of early menstruating girls -- they being the only members of
the younger age gi‘oups represented in such a statistic. The assump-
tion that experience of post-menarchal girls could be applied to pre=
menarchal girls (as defined in this “’s'%udy) was invalid and analyses
based on this were not interpretable.

T. Children Wearing Glasses

Another limitation of the study was the failure to measure the
Monoyer visuzl aculty of childrien wearing glasses at the tims of exam=-
ination, The routine practice in vision screeming tests within the
Lourenco Marques schools is not to screen children ‘wearing glasgses and
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this practice, because the problems which it would create were‘ not fore=
seen, was not altered during the collection of data for this study.

The omission of Monoyer visual acuity of children wearing
glasses was a serious one, Because of it, it was not posgible to de-
termine the distribution of degrees of reduction of visual acuity of
children in the various age, race, maturation and sex categories,
Fortunately, data were available on the refractive status of these

children so that for certain analyses they could be included,

8. Relisbility of Observations

Data were collected by health visitors in the various study
schools, Although the procedures for determining visual acuity,
height, Wweight, and menarchal status were outlined in writtem in-
structions such as those included in the Appendix of this report, in
‘all prabability there was variation among different observers and per-
haps with the same observer at different times. No duplicate observa-
tions were made at any time. These should have been made, It is not
possible to determine whether this omission was serious for the pur-
poses of this study, but previous experience with collection of these
data would suggest that duplicate determinations probably would have
been in close agreement.

Eight ophthalmologists performed the refractions on children
attending the gye clinmic, There was no evidence that they differed
greatly in the mmbers of children they characterized as normal or
abnormal, but no duplicate observations were made to determine inter-
obgerver or intraobserver reliasbility,
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B, Interpretation of Findings

l. Measures of Growth and Development
a. Differences in Height and Weight by Sex and Age. As would

have been expected from the observations of others in the field.of
growth and development, there were differences in the heights and
weights of boys and girls at different ages. In general, in all races,
there was a tendency for boys to be taller ant\i heavier than girls in
both the youngestand oldest age groups. In the age period of 11 through
13, thers was a tendency for these measures either to be about equal
in the two sexes or, in the case of weight, to be greater in the fe-
male than the male., This latter relationship is clearly shown for
females in both Negro and Mixed race groups. .me tendency of girls

to equal or exceed boys in size in the 11 through 13 year age period
is a reflectlion of the earlier adolescent growth spurt in females.
After 13 the growth spurt of the boys restores the previous relation-
ship of greater size in males than females.

Post-menarchal females at all ages wers taller and heavier than
their pre-menarchal age mates, These findings, also, were in agreement
with those of other observers and supported the assumption that height
and weight at a given chronological age were associated with level of
maturity.

A sharp "spurt® in mean height or weight was not evident at
any age in either sex in any of the race groups. Lack of its demonstra-
tion does not mean that it did not occur in most or all members of the .
study group., Instead, this finding almost certainly results from the



106
cross-gectional technique employed in this study which, at a given age,
tended to balance the "spurts® of early maturers with the slow changes

of averége or late maturers; and in addition the spurt of late maturers
is obscured by the slowdowm of the early maturers -- thus giving means

which, while increasing steadily i‘rom year to year, never increased

sharply.
b. Racial Differences in Héight, Weight, Age of Menarche, and

Height Increment Ratio. As mentioned previously, interpretation of

-age and race differences in height and weipght was 1imited by the small

mmbers of children in some subgroups. White children generally were
taller and heavier at almost every age than were ‘children of other
races. When mumbers were adequate for statistical tests of signifi-
cance, the differenceé in mean height and weight between White and
Negro children usually were significant at levels of 0L or less.
Indian ch:L‘Ld.ren also usua.lly differed from White children and some-
times also from thoge oi' other races in respect to having a lower mean
welght at given chronological ages.

No other consistent differences of mean heights and we:.ghts
between other racial groups were noted although levels of statistical
difference of ,0lL or less were found sametimes for differences in mean
heights and/or welghts of children of two races at a certain age, Be-
cause these differences did not also exist for age levels immediately
above or below and because there was no ready bi§logical explanation
for differences occurring at a single age, these relationships were not
considered biologically significant, The occurrence of these “un-
patterned? statistical differences in mean heights and welghts or‘
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different racial groups at different ages was attributed to the
possible atypicality of the selected sample and the @iaﬁon (or
range) c;f these measures within given age-race subgroups which, with
thé.sanmle sizes used, led either to ﬁstorﬁom of the means (félse
indication of true differences) or failure to :l.dent:ify true existing
differences. Since statistical significance is a reflection of mathe-
matical probability, the more assoc:iationa of variables that are made,
the more likely that one or more of these will show "statistical sig=-
nificance" on the basig of chance a]:one. Perhaps this fact accounted
for one or more of the "umpatterned® findings of sta.ti:s‘bical sipgnifi-
cance, -

The difference in sizes of White ch:ﬁ.dren and those of other
races pogsibly could 'I;e explained on the ig of genetic differences
or varistions in mutritional and h status. This study was not
designe& to determine thé cauge of these differences, However, other
obgervations of this study such as the low height increment ratio in
ce-rbain early age groups of Negro males and the low perr;:entage of 12
and 13 year old post-menarchal Negro girls would suggest that, at
least in 'bhé Negro, these differences are a reflection of slower
maturation, Slow maturation often is the result of poor mutrition
and/or 11iness, and the personal experience of the author is that Negro
| children ir Lourenco Marques are more often (and White children less
often) poorly nourished and chromically ill than those of other races.
Although the study does not include observations of older children and
young adults, t,he persona.’; :Lﬁpression of the anthor 1is that adult
Negroes are neither shorter nor lighter in weight than adults of other



108

races in Mozaubique. This latter observation would tend to support
the suggestion that differences are on the basis of mtrition and
physical health (and consequent differences in maturation rate)
rather than genetic in nature, Such a hypothesis would be in agree-
ment with the observations of Robexts (1960)29 who noted that
Southern Sudan Negroes attained their adult stature at a later age
than did London school children. |

In the instance of Indian children, it was noted that they
did not differ significantly in height from their non-ihite peers
but did so in respect to weight. Again, personal knowledge of the
anthor of the slender bone structure of mature and even well-to-do
Indians suggests that this difference nay ha;é a large gepetic com=
ponent,. |

?Jhen tﬁe percentage a};' post-menarchal girls at a given chron-
ological age was determined, White girls had higher rates than girls
in other ra.ces at ages up to 1ll, while Negro girls had noticeably
lower ra.tes up to age 15 than did girls in other races, This apparent
later onset of menarche may also be a reflection of poor mtrition and
health as previously discussed. Partial support for this suggestion
nay be given by observations (Michelson, 194h)3" that the menarchal
age of Negroes in certain cities of the United States (whose health
and nutritional status are presumed good) is similar to that of White
children. -

Negro males in the younger ages had the lowest height incre-
ment ratios of any of the :ac;lal groups, This observation, as was
that of their lower height and weight at all ages, again was considered
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explainable by their slower maturation rate which possibly was a re-
flection of poor mitrition and health, -

2, Visnal Acuity

The higher rates of normal visual acuity shown for males in
this study in comparison to females is consistent with observations/
made by Sorsby, Brown, and Slataper. - There ars no ready explanations
for this sex difference, Krogman, in reviewing ﬁhe work of Scarmon
and Todd, suggested that this might be an expression of the greater
relative size of the female Athan the male eyeball, Sorsby and co-
workers demonstrated that the net refractive change with growth was
greater in the eyes of females than males. However, this latter is a
description of the chanpge in vigual aculty rather than an ldenbtifica-
tion of the underlying cause of it.

The findings of 'i;hie study in respect to age end race differ-
ences in visual acuity, while present and generally in the relation-
ship anticipated, were not as marked as had been suggested by the ob-
servations of Slataper (1950),1° Brown (1938),” Sorsty (1961),% and
Hirsch (1954).°° Their studies indicated that ocular refraction in
the vertical meridian declined with age and that this decrease with age
was orderly and pronounced, While there was a general tendency in the
various racial groups (more pronounced in females than males) for
older children to have lower percentages of members with normal vision,
this tendency was neither orderly nor pronounced,

Studies of Karpinos (1960)> of the differences in distent
visual aculty of Negro and White army recruits directed our attention

to the visual aculty of Negro and White boys in this study., In general,
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vigual acuity of Negro boys was superior to that of White boys but the
d:Eferences were not as great as would have been sngges;hed by the find-
ings of Kai-pinos. It is possible because of the older age of the

group studied by Karpinos that it is not cmgi-able with the present
study group., The findings of better v-iaual acuity in Negroes than
Whites possibly might be explained by the apparent slower maturation
rate (poorer mutrition and health) of Negroes and its possible rela-
tionship to defects in visual acuity with maturation. Bimning (1958) ,35
in his study of Saskatoon school children, noted that malnourished
children had better visual aculity and fewer refractive errors than did
well nourished children, Differences in visual acuity between Negroes
and Whites might also be on a genetic basis (eye structure, growth
characteristics), Studies of Karpinos3 on army inductees in the U.S.A.
suggest that a genetic etiologf night be responsible, at least in part,
for these ‘dit‘ferences if oné assx;mes that the Negro and White inductees
were of comparable health and nutritional status,

It was hoped, origd.nal}.y, that this study would provide informa-
tion on the annual increment of new vision defects so that a school
program might be designed with optimal periodicity for the vision
screening tests. Visual acuity determinations in two consecutive years
were made for 2176 males. Males wearing glasses at the time of the
first exsmination were excluded from these determinations. Of the
group tested, 9T per cent were normal on the first examination and ap-
proximately two per cemt (41 boys) of these converted to abnormal at
the time of the second test one year later. Simultaneously, approxi-
mately half this number (22 ‘boya) converted from abnormal to normal
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visusl acuity, Of the previously identified children with abnormal
visual acuity, helf had visual acuity one year later that was equal
to or betfer tha.n that at the first examination, and half had a de-
crease in visual acuity. Because there were oﬁly about 20C boys in
the abnormal visual acvity group (and énly }1 newly identified on the
second examination), it was not possible by age and race to determine
inclidence of new abnormalities, HW@, these oﬁsemtions suggest
that the anmal increment of new defects in visual acuity in these
boys is not high but that there are considerable changes in degree of
visual acnity as measured by screeming test in school in the boys al-
ready identified as having abnormsl visual acuity. Such observations
are not sufficient for recommendi-ng that the p;went progran of anmal
screening be changed, However, they do suggest that it would be
profitable in devising such a screeming schedule to think separately
about chiidren previously ﬂaving been identified as abnomsal and those

not previously so identified, In the former group it might be expected.

that amnual testing would have a high yield of patients with changed
status whereas with the latter group, ammeal testing might not be
necessary becausé of the small increment of new cages, TFurther study
(i.e., larger mumbers of cases) would be necessary before such a de-
cision would be made, One important determination would have to be
the nature of vision defect in the newly detected cases, If these de-
fects were mild, it would reinforce a decision to make periodic test-
ing at longer intervals, If they were severe, it would asupport a de-
cigion to test anmally or m_oré frequently,

T N—
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3, Diagnosis on Refraction

As previously noted, it was not considered jusfifiable to
nake inferences about the possible refractive status of children who
ha;i received a screening examination but did ﬁot subsequently atterd
the eye clinic., Therefore, conclusioné drawn from these data in
respect to age, sex, or race differences mmst be guarded., The ine-
crease in refractive errors with age 'i'.ha:b observérs such as Slataper
and Brown have reported were not geen in either the White or the
Indian racial groups but were seen in the Negro and Mixed groups.

The author has no explanation of why the White did not show the anti-
cipated increase in ref¥active errors with age, However, in the case
of the Indian children, this may have been the result of limited
mmbers of observations, The White and Indian children did show the
‘h-a.nsition with age from predominantly hyperopic refractive errors to
nwop:Lc ones that has been descri'bed by Slataper and Sorsby. These
changes, according to Sorsby, are the result of growth in the sagittal
diameter of the eyeball without corresponding_ campensatory changes
elsewhere in the ocular system.

The virtual absence of myopia in Negro children and the pre~
ponderance of hyperopic refractive errors in the Negro and Mixed
raclisl groups was of interest. Since both the White and Indian groups
contained children with hypercopia, it was not apparent from the data
of this study whether absolute rates for hyperopia were greater in
Negroes or whether the predominance of this refractive error was ap-
parent because of the absence of myopia. The previously referred to
ingbility to arrive at a reliable denominator for refractive errors




13

accounts for this difficulty. Post (1962) noted that Orientals had
higher rates of hyperopia than did Caucasians, It'is‘ presumed that
racial éifferences in refractive errors have an important genetic com-
ponent but until groups can be equated by tﬁe dmportant factors of
mtrition and rate of matui'ation, thése latter factors can not be ex=-
cluded as accounting for all or part of these findings, Gardiner
(1958)12 and Binning (1958)35 have reported a positive relationship
between myopie and nutritional status.

L. Association of Measures of Growth and Development with Attributes
of Vision

a, Visual Acuity. The failure to demonstrate important differ-

ences of mean height and welght at given agéé of children with Monoyer
visual acuity of 1.0 in each eye and of all other children may indicate
that visual acuity is not related with these variables or it may ine
dicate ﬁat the division ':Lnto normal® and Yabnormal® vision groups
was not made correctly. Perhaps the definition of "normal® visual
acuity should have extended to 0,9 or 0.8 (Monoyer) in the worst eye
of the tested child, It is definitely possible that the "abnormal®
group as congtituted for this study included a number of children who
should have been considered normsl, e.g., had 0,9 acuity in only one
eye and 1.0 in the other gye and 1,0 binocular. The inclusion of amy
sizeable mmber of children in this category into the abnormal group
could have obscured differences from the normal if they existed,
However, the problem here as elsewhers in the study was of adequate
mmbers in the subgroups. Inclusion in the normsl visual acuity group
of children with 0.8 and 0,9 (Monoyer) in the worst eye tested would
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have reduced the mmbers in the abnormal group still further and made
comparisons between it and the normal group in various agé, race, sex
categories m&re difficult.: Bven as the groups were divided, it was
possible to make statistlcal tests of significanée only for White
children. .

Height increment ratios of boys judged to have normal and ab-
normal visual aculty strongly suggested that boys with normal vision
were having their height “spurts® (i.e., maximm increments of linear
growth) at an earlier age than boys with abnormal visusl acuity.

This finding is contrary to the one expected -- that maturation and
abnormalities of visusl acuity are directly associated, There may be
at least two explanations for the findings of this study, neither of
which can be tested satisfactorily by the present data., The first,
which already has been menmtioned, is that the normal and abnormal
groups were not defined in such a way as to truly distinguish normal
_and abnoymal -~ the 0,8 and 0.9 (Monoyer) more properly being considered
normal than abnormal, The second is that deficiency of visual acuity
can be accounted for by a number wof refractive errors only some of
which are assoclated with ma‘bur#ﬁ.on. This latter possibility is dis-
cussed later in relation to the association of myopia and height in-
crement ratio shown in this study. Another possibility is that the
findings of this study represent a true relationship between onset of
maturation and of visual acuity, This latter possibility is most un-
likely since it would be at variance with observations of Brown,
Hirsch, Slataper and others on the relationship between maturation and
deficiencies in visual acuity. |
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There did not appesr from this study o be a statistically
sigmificant relationship between menarchal age and visual aculty.
The finding was in agreement with the‘report of Sorsby et al. that
there is nothing 'bo suggest that early menarche -~ and presumably
early puberty -- tends to precipitate wndue axial elongauon."

b, Refractive Errors. The findings of this study support
the hypothesis that myopia is éssociated with early maturation in

males. The mean height increment ratios for White msles who were
myopic exceeded those of the remeinder of White males., This would
suggest that whereas boys with abnormal ﬂ.sn:;l aculty had a later
peak of height increment than those with normal v:i.sual acuity, a
subgroup of the abnormal (the myopics) showed an opposite relatione
ship. One waﬁld infer from the studies of Sorsby et al, that this
relationship of myopia and maturation was an outcome of increase in
the sagittal diameter of the eye without corresponding change in the
other structures, These findings also agree with those of Gardiner
(195&)11 who found a positive association between growth rate and
myopia.

Contrary to the observations of Cardiner and Binning and in
accord with those of Sorsby et al., this study did not show an asso-
ciation between myopia and measures of maturation in White girls (the
only group with large enough mmbers to study). The mean heights and
weights, menarchal age, and per cent menstruating at a given chrono-
logical age did not differ between myopic and non-myoplc White girls,
These findings were unexpected since the author's climical observatd.ons
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had led her to céns_:;der that myopla and early maturation were associated.
Perhaps in a'p&ﬁies where such associations appeared to ex:;.st, matura~-
tion and wm rather than being directly related to one another were
e@ related to a third factor such as m-hrition; (Gardiner has docu-
mented a relationship between mutrition and myopia.) In such .an in-
stance, for example, malmtrition possibly could both-@elay maturation
and slow the growth of the eyeball, thercby delaying the emergence of
nvopﬁ.a.. In this study, the population of White girls was relatively
homogeneous in respect to nutrition so that if such a factor was im-
portant, it did not have an opportunity to express itself,

The problem of the relation of myopia and maturation obviously
needs further study. The mmerocus racial gr;ups:md the highly varied
socio-economic status of different portions of the population of
Mozambique furnish suitable subje;:ts for further study of the rela=-

tionship of myopia to race (genetic aspects), mitrition, and maturation.

C. Other Studies Suggested

As with most studies, this ocne suggested more questions to be
investigated than it answered, In addition, it was obvious that some
of the questions which this study was supposed to answer were not
answered, due to limitations in the mmber of subjects with certain
éha?#cteristics and to faults in study design and data collection,

If this study were to be repeated, the following changes would
be made, Visual acuity of children wearing glasses would be determined

by the Monoyer test, An attempt would be made to obtain obgervation on
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all children in Lourenco Marques between the ages of 9 and 16 whether
in official school or mot. Duplicate observations would be made on a
subsample of the study population to determine the reliability of the
methods used, The sﬁbjec‘b of menarchal age would bé -investigated by

. questioning girls 15 through 18 in Lourenco Marques, This latter group
could be expected to have passed the menarche and yet be of an age
probably to reflect the current pattern.

Related studies which are suggested include a longitudinal
study of somatic growth of male and female school children of different
racial groups in relation to their visual acuity and refraction status.
Similar studies might be made within racial groups according to body
type. If differences are found by race, some of 'l:.ilese might be due to
genetic differences and might be studied with interest in the "™Mixed®
'racia.l group which is cémprised of‘ hybrids of various races.

Francois (1961)35 has stated "Ocular refraction, like sicin color, is

an example of polymeric or plurifactorial inheritance, In Negroes
black sldn color is due to the additive action of two dominabing genes
carried by two different chromosemes whereas the white calor of the
Caucagian is linked to the additive action of two similar recessive
pairs of genes,.®

If large enough mmbers were available, studies might be made
of family patterns of visual acuity and refraction status. (In this
study there were observations on siblings, but their mmber was not
sufficient to warrant analysis), Because children residing in Lourenco
Marques and in the rural areas of Mosambique have different health
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problens and mubritionsl status, these two groups might be compared
in a study of soiatic growth and vision. )

F:i.naily, this stuiysuggests that a mmber of characteristics
such as illness (ambunt and kind), dental growth and development,
hearing, exercise talerance, etc., could be investigated in the dif-

£ei:ent racial groups present in Lourenco Marques or elsewhere in
Yozambique. ’



VI, CONCLUSIONS

This thesis tested the hypothesis that visual acuity in child-
ren is inﬂuenceﬁ by factors which also display thenselves in the
child's pattern of growth and that evidence of such can be obtained by
demonstrating associative rela.tionshifs between visual acuity and —
maturational characteristics of children.

In the main, the hypothesis was not supported when Monoyer
vision test results and diagnosis of selected children on refraction
were taken as indices of visual acuity and when height, weight, menarchal

"age, height increment, and height increment ratio were taken as measures

of maturation, -

When children were divided into a group with 1,0 (Monoyer)
visual acuity in each eye (defined as normal) and those whose visual
acuity was less (defined as.abmormal ):

a) There was no difference in the mean heights and weights

of these two groups in any age, sex, or race category.

b) There was no significant difference in age of menarche
in members of these two groups.

¢) There was no significant difference in males in increases
in height in a one-year period between members of these
o groups.

d) There was~ & greater height increment ratio up to age 14
in the male normal visual acuity group than the abnormal
visual acuity group; the relationships being reversed
after that age.

19
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When children with refractive diagnoses of myopia were com-
pared to &1l other children: ) |

a) The heights and weights of White myopic females did ’

not differ significantly ¥rom mean heights and weights
of thelr non-myopic age mates. |

b) The mean menarchal age and the percentage post-mena.rcﬁal

at different ages of White nm;pic chjld.ren did not differ
significantly from those of White non-myopic children,

¢) The height ini:“i‘“ér;enb ratio of White male myopics was

greater at all ages than for White male non-myopics.

Thus, the only growth measure assoclated with visual acuity
in this study was the height increment ratio, It was higher in White
males with normal Monoyer mual acuity and in White males with myopia
than it was in White males with abnormal visual aculty but without
myopia, No infa'ences were made from these observatlons.

Two additional conclusions, not related to the hypothesis
tested, were:

a) That testing of children previously found to have

normal visual acuity may be done with less than yearly
frequency because of the low yleld (2 per cent) of
new cases on anmual testing; but that anmual testing
of children previously found to have abnormal visual
aculty is worthwhile because it reveals changes in
helf the subjects. '

b) That a sereening level which includes 0.9 (Monoyer)

ag Yabnormal® yields an appreclable mumber of children

'

(19 per cent) with refractive errors.
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_ APPENDIX 1
- v. W3, pp. U70=L477, 1950.

470 ARCHIVES OF OPHTHALMOLOGY

~ Brown used compilations of 8,104 eyes of patients of ages from 1
{6 30 inclusive, as shown in table 1. Since he had many more patients
from 1 to 6 years of age than I, I include his statistics for ages from 1

« to 10 years, which give a better over-all picture of the age variations for
these years. ’ ) .

It will be noted that his annual age variations are very close to mine,
the difference being = 0.038 D. Hence, in table 1 T have given the
averages of our two figures-for each of the first ten years of life. My
table 2 and graph (chart) include the cases from Brown’s statistics for
the group from 1 to 10 years of age (table 2).
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Age norms of refraction and vision.

For the years (helow 11) for which wmy statistics were weak, Brown?
had many more cases. For the group below 11 years of age, he had a
total of 3,138 eyes and I had 1,062 eyes, the total being 4,200 eyes.

Age Norms for Spherical Equivalent Refraction—The four types
of age variations from the average of 4 2.32 D. at birth are tabulated:

Hypermetropia of early childhood........ Birth to 7 yr. 41617 D.
Axial myopia of the young.............. 8 to 30 yr. —3327D.
Hypermetropia of middle age..... 31 to 64 yr. 4 1.362 D.
Senile MYOPIde...ivrreernnaneresssssannss 65 to 87 yr. —2.367 D,
These values are shown in the graph...... *=8673D.
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AFPPENDIX 3
" Sample Circular for the Orientation of School Perscmmel

(School-Health Visitors and Teachers) to Determine
Visual Acuity

Visual acuity is evaluated by ma.kiﬁg the testes read the

~ optometric scale (here, the Monoyer scale) at a distance of 5 m.

Before maling the test, the following procedure for measuring
acuities should be followed.

The ac;uity of each eye has to bg evaluated separately., If
the child is able to distinguish the smallest letters of the first
line, the visual acuity of the eye examined is said to be 10/10; if
be can only distingnish the last line, acuity is 1/10; if he reads
the last two lines, acuity is 2/10, and so on,

Iif thé child has an acuity of 10/10, he has a normal
acuity and we can be satisfied with this result unless he complaing

about any of the following disturbances:

a) frequent headaches, especially when reading, writing
or engaging in any work that requires prolonged fixation;
b) momentary clouding of vision under the seme circumstances;
é) burning eyes;
d) watering eyes;
e) his eyes fatigue readily;
or if the teacher observes:
1) bloodshot or watering eyes;
2) very frequent blinking, especially when fixating;
3) that he winks his eyeé while Pixating;

L it St P P et 8 b M e e it
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L) that he closes one eye;’

5) that he rubs his eyes often;

6) that he mistakes letters or transposes them;

7) that he reads very closely to the book or that he
urites tﬂ.tl:; his eyes close to the paper;

8) that he pays little attention during class~-reading
or during explanations made on the blackboard or

on the map,

“m these symptoms, we repeat, appear in children with normal
visual acuity and can be symptoms of hypermetropia, which can only be
diagnosed by an ophthalmologist and which reguires permanent use of
glagses or at least during fine work,

The fact that acuities in these cases can be normal is due to
the tremendous capability of accommodation which the children display.

This examination gives us precise but limited information, For
example, we can not verify the coordizatimn and efficiency,of the two
eyes when they are jointly used, at a normal reading distance, Howai‘ér,
there exist visual disturbances caused by lack of this coordination,

. For this reason, a visit to the ophthalmologist should be required of
children who

a) have less than normal acuity (a tolerance of 8/10 for each
eye and 9/10 for binocular vision is acceptable); ‘

b) have normsl a’cnities but display any of the described
symptoms or others, related to the use of their eyes.
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Reading the Optometric Chart
A room should be chosen which is sufficiently big to allow the

placing of the cptometric chart at one end and the ’r;.hi’l.d, sitting or
standing, 5 m, distant at the other end.
Daylight should be e]jminatedvas nuch as possible in order to

s

enploy mainly artifieisl light on the optometric chart, The sources<of

1ight should be shaded so that they cast light only onto the chart and

not into the face of the child,

Any sources of light which could possibly interfere — especially
those which might lie within the visual horizon of the child -~ should
also be eliminated.

The chart must be hung so that its center ia more or less level
with the child's éyes.

As visual aculty tends to in:creaae with an increase in light
intensity and vice versa, it is necessary that greatest attention be
pald to the lighting of the optometric chart.

A highly lighted chafb mekes reading easier. To obtain proper
illumination of the ehart that is not equipped with a special lighting
frame, lights should be placed 1 m. from the plane of the chart and
horizontally displaced 2 m, from the center line,

They should be Level with the center of the charti Pleces of
white card (80 x 4O cm,) with the reverse side, i.e., toward the child,
painted black or any other dark color, can be used as reflectors.

There should be only one chi?.d in the room where thé measuring
takes place. |

The 'béachen: should either stand beside the pupil or near the
chart, _pointing out with a rod the letters 'bo be read by the child,
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The child should be sitting or standing, with his eyes level with the
center of thg chart or at least not lower than the last reading rows,

If a chart for the non-literates is used, the child mst point
out with his hands in what direction the open ends of the "E' point,
that is, downward, upward, or toward which aide, |

If the child has no defects regarding acuity he should be
able to read all letters or to indicate the directioﬁ of 211 signs,

If the child reads the entire line and only fails at one or

i - two letters, the reading of this line is considered correct. h

The child must first read with one eye, then with the other,
and finelly with both eyes together,

The gye which is not to be tested can be ;ov‘ered by a thick
piece of card, measuring 12 by 2l cm., which the child holds in place -
with one hand so that the eye 1s r;ot pressed.

" If the child uses glasses, visusl acuity has to be evaluated
. ‘first without glasses, then with glasses.

Before coming to the conclusion that a child is mentally re-
tarded we have to determine if his lack of concentration and attention
J or his apathy (lack of excitement) are not due to bad vision or to bad

hearing,
In the interest of the child's health and of the progress of

" the class, teachers should do their best to uncover these deficiencies
I by means of an exsmination,
‘ The teacher should be persistent in urging parents to take the

child to an ophthalmologist if this should be necessary; and if the

doctor prescribes the use of glasses, the teacher should insist that
the children use them while in class, ‘

N\
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The teacher should also arrange for myopic children to sit in
f.ﬁe pla.cés nearest to the blackboard and he should do his best to
ensure that the class rooms are properly lit.
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AUDENDUM
The same discnmina‘bory nmethod described in Section III of
Method (page 37) for the association of heigrb and weight values
for individual myopic White girls was used for White boys.
The average deviation and standard deviation of myopic ﬁhite
‘boys from curve values of height and welght are shown in Table XXIT

and Figures 35 and 36, There appeared to be no difference between
mean height and weight of White males with and without myopia,

Table XXIT
Average Deviations and Standard Deviations o:g Myopic
VWhite Boys from Curve Values of Height and Welght.

Official Schools, Lourenco Marques
(Mozambiqne) 1962-53

. ‘ Height  Wedght
Average Deviation JO0L 1.0
Standard Deviation 0627 8.76
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