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A STUDY: OF. OCULAR IN WESTERN AND

ABSTRACT

Hyopia' s a debilitating conduxon that, in extreme cases, ‘can

capse blindness. For over mu years, investigators have argued jts
z,ﬁology, with the hereditary and envirommental schools ‘polarizeéd to
'm; extreme. It was felt that @ study of @ population which had ey
exposed to two typea of near vork epviranmenr.s and which was fairly
s[ahle 1’ composition wo{jld further:elucldate the lfelative ‘
" “influences of tifkse factors on'refraction.

. ;
The population of three comunities in Westem } was

studied. Thesc communities had been telatively isolated until’ about

1956, and had ot had formal mﬁpuuozy educktion until 1948, Subjects:
were examined optomatricully an psychalagicnlly to investigate pz'evinusly
“reported associations of aculnr re(racr.ioq with, near work, personality
and body build. Familial resemblances for refraction and near work were
" allo, exantned. s ;
The study took placé as part of a larger heslth survey undertaken
by the Faculty cf Medicine at Memorisl University of llewfoundlnnd.‘ Nine
hundred and seventy-cne iubjects, or 80% of the !arget papulltim\ were ‘
exanined. . 2 o BT
™ This stud; ed directly: t near work,

heredity, personality and body build, to investigate previously reported |

of -these variabl A xeview is for

uch uf these reported associations, folloved by Tesilts of the inves—

i




by familfal similarities in mear work pn:ems.

tigation.

The findings weve that’females were more myoplc tham males and

achieved myopia earller than the males in this population. - Thosé under
30 years of age had more negative mean refraction than ghose gver 30.

‘Those who started school in 1948 wére 30 years of age at the time of

the study “(1974); - Those who did substantial mear “Work at work or at
leisure had more negative refrannons. Near \wrk showed subs:;\r;tial
correlatich with refraction after adjustment for offer influencing-
variables, at all ages. Tl!! parallel fit of iesi\ near work, in hours,

o mean refraction by five year age iatervals over essentially the .’

‘entire life span was striking.

The n\m\ber of petnmm in t'nis population with uncarrected rsfrlc—
tive errors was very high cowpared to the United States po}mlatlnn.
This repreamts & serious public health problem.

Tt wio ' Sotnd chat tlie correlation of firet degree relatives for

refraction‘vas off the order of 20 ‘o .25, and could have been inflated

Contrary to previous clats, no assaciakinn ‘was_found' for. refracticn

and pezsnmn:y or body build.

(\
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Chapter T

- : " INTRODUCTION
. o ,

Myopia, ‘or nearsightedness, is that refractivercondition of .the

ol eye £y which distant vision i blurred.  This defect can have serious

lequelae. “Young (1978¢) hae shown Ehat the probability of.a uyope
' developing ' datached, rtin is much higher then that for a non-ayopd:
Even Pelatively "mild" myopia cdn 10t vosational chofcs.
a6t accupt. peréons with wyopia as pilot trainees; aid-entry into’trans-
GaE o pITeE doTEaRE Li5E difficult for the myppe. Nearsighted

- professional ‘athlétes are rare, ! § :

Myopta 1aa comon problen which has been recognized for over two
thousand years; but fts serious e Vg in, theoia-nihafibht bens
cury (puke-E1der, 1970; Goldactmids; 1968). :

) The Unitea states Beparment Gf Health, Education and Welfare

“released ‘a report (1978) in which prevalencé of refeackivererrortos

one of ‘the items studied. The percentage of those wearing glasses who

were iyopic rose from 30.2 at age 4 to 5, to 87.2% at age 12 to'17.,
report prepared by the Departuknt of Consumer Affairs, e e
Canada (1973), estimates that lnnu%l‘&’fahnle‘sale sales of ophthalmic
appliances in Canada' total $69,425,634.00. ‘The total expenditure for
the consimer. is of course even greater.

Tn tl;e(lns): 20, years, several investigators have reported a dramatic
tnerease 1d myopia in several countries (Youl;gy 1969; Boniuk, 1973;
Morgan, 1973; Sato; 1978): ' Indeed, Hn!g.a'nk (1973 has referred to this
phenomenon as an "epidemic of myopia:" e YousiNe base ) ghaE bt
prevalence of myopia is

it is to the

Afrlinés do =

s




ettology of myopla, to attempt £o,Hind prophylactic measurés of early.

application, and to £ind predictive tests to to children.so that

‘those "at risk" can, be treated. The savings in discomfort ‘and dollars

. o B IS
would be enormous, and ij-extreme cases, blindness would be prévented. ...

The: indicatichs of 2§idémic myopia, which will be described in more
detail come from studies ui' Eskimae and "Amerinds, ‘and of Jayun:se popu-
lations. It would be of intesept to kndw vhether they are also found

“in gaucasian populations ‘that have experiericed the same envlreqmental
R 5 have those populations.
of .the various causes suggested for myopia, most fall ‘inco’ genetic

or environmental catégories. Duke-Elder (1970) presents an extensive ~

“'list of the stggested causes with supporting studies. The investigation

of both familial and env: a1’ factors . in the

same ‘population would contribute much information on the question of "

its control. - .

: .
1: is usually to manipulate variables in

a study on-a human populﬂliox\. If one could.find a human population

for vhich 1 factors to Y had ,
repained unchanged until a known point in:time, and then one or more of

the variables had Ghanged, 4t yould be. possible to sgudy the effects of

this change on’ :he ‘refraétion of that populutian. .

Thle thesis the dis of in a P‘Dp‘ll}ﬂtioll
to.which modern education vas introduced relatively receéntly, and exam-
ines the, distribution in as many aspects as pm;axue. The ,;apu).'nxon
studied lives in an area of Western llewfoundland that was until recently

relatively .very lsulated Stahdardized cumpulscry education began in

1948, the year Newfoundland entered the Canadian Confederation.
8 .
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: by T U g ‘ v 3
Fron'the time the -first settlers arrived to the time of the study
W 197, .m'; generations had passed. Eighty—ﬁve percent of the study
popu!ktion we:e dasczndann of John ad “Mary, the original settlers:

The lati, lcan ore be réla:ively . and

stable, anemgnt into or out of ‘the area was only possible by boat

until 1956 whe

otk began on an unpaved road tate the aréa.’

| .
, This ‘investigation was unﬂ’é/r';nken as ‘part of the West Coast Health

»

Survey (Harshall, 1975). Nine Hunired and seventy-orie of the inhabitants

_‘aged 5 to 97, rpresenting some 80X of the target population, received
“-an @hthﬂ/ﬁlmic examination. | These pers_ons,uém rgf\iactzd and given a
hvenitoetia ta%t, in addigian' % the ionplets physical exanination
done by the medic"n tman oFithe eurvey: "Daia;vers colilscted oil tha

| ¥
occupation, educational leve}; mear work and leisure habits of ‘the

‘subjects. The data vere analyzed to-inveatigate:

1) ‘The population distribution of ré_frac‘cxan by, age and sex;

2) The relatienship of near “work, education and leisure activi-
- ties to refraction; !

3) 'Fanilial resemblances in refraction and neai-’wu_:k;

4). The relationship of refraction to personality and physique. |-

These variables were studied bena\.\sa of ‘previcus tnvesrightipns
indlcsth\g their influence.on xefmctlnn. This study was daslgned to
evaluate simslcancously the infiuences of ‘the abové-mentioned factors
1in\a Caucasian popuu:ian. From a thorough seaxch of the literature on
Zofraction, in populations, it would eppesr that this study is unique in
its scope, for it allows for the investigation of tefraction distribu--
t;on. as affected by education, near work,: personality, and family, all

measured in the same population. . g \




The.Optice of Refraction E
TERMS_AND CONCEPTS

Refractive status of the eye refers to the relative position of the-

pn!t:riot pllnclp 1 focus of - the ay: s uimcnve syatem in telntinn to
:the retina of the eye, while accomodation 13 at rest, or umml e

 where the rays of Light entering: the eye:cone to a focus after passing

through the refractive media of the eye.

“If the pasterior prim:ipn]. focus (PP). falls on the retina, the eye

46 sald to be emmetropic. Rl . 7% -

- If the PP falls in fiont of the refina, the eye is said to'be ,
myopie, - / )

If the PP falls behind the retina, the eye is said to be hyperopic

Sharp optical imaging on the retina is dependent on the refractive

_power of all the optical components,. their spacing,. and the location of

the rotina relative to the optical system. In syopta, whare the PP falls
in Eront ‘of the retina, the optic axis, or length of the eyeball, is too
long. There'are unusual cases, o be discimssd Lacer, vhere. an eye can
be myopic ‘and yet have a normal optic axis..

In hypefopia, the reverse Is true.

The major optical components deternining refraction are

the optic axis and the refractive media of the eye, i the «

i i J
_cornés,  the aqueous humor, the lens; and the vitreous humor.

Accommodation'is theé process Which alters the total refractive

pover of the eye, {.e. nearer objects are imaged sharply on the retina’

through accommodation. " When the eye accomsbdates, the miterior surfdce

" of ‘the crystallise lens i in , ‘as does_the




- HYPE ROPIA

Figure 1. Points of focus for Emmetropia,
and Hyperopta.

¥ o

Myopia,

e bt



surface, to a lesser degree. -n;'e';_.:ezm: portion of the lens moves
.. forvard siightly, while the posterior pole remains mearly fixed. At the
sana 1085 the Liae thilekais Wil 48 equatorial diameter decreases.
During the act of accnwzndadon, the lens trembles, and the pipti
e oratts. e et body: contracts during Sceomisdition; Tesiiting. ¢
; in a decrease in.thg diameter of the annulus framed by the ciliary
.muscle‘. Paradoxically,. the zonules relax durimg accommodation.. When
‘the.eye acconmodates,” the eyes converge; and wan Eaceyas converge, ' the
N eyes accommodate. ’ ¢ ’

. - . 'Accommodation will be treated in more detail later (pp.21-25)

The of Ocular Refraction

‘Yhe fiErserive s%te of the eye is measured clinfcally by retin-
oscopy. The retincscope is a hand instrument with a light source that
alieeaccad oy nanneribe & wtwie tora i subject's eye. The observer,

’ : or zeffécqoms:, cheerves the subject’s eye thrdugh a peep hole in the

center of the mirror. The mirror is moved in different directions so

that the shadow of the subject's iris cast on the subject's retina by

.. " the Light bean can be ‘observed.. The shadow, called the "fundus reflex”
will move "against" the motion of the mirror, or "with" the mirror's

¢ ‘motion, depending.upon whether the optic axis of the subject is long or.

short, If the shadow moves in an against motion, concave lenses are "
pxaceriyxn/fxun'c of the subject's eye until the shadow does mot move,
that s until "neutralization” has been achieved. Similarly, if the
‘shadow méves with the mirror, convex Piised e itabel it Baoat 6t e
subject's ige uati] neutrplization is achieved. In its. simplest appli-"

' E
cation, the power of concpve or convex'lenses at point of neutralization,

el



represents the error of rz(rll:tion. For technlnal reasonn;\f2 00.D.

mist be subtFacted frod the end—lens Pover to account for the chasbyar’s W

5 .

. ... - distanceé from the subject (20 mchgs)' In cases of aetipatiam, Tetin=
Pl

oscopy. 1s more complicated, but the principle fa the same. | el g

Retinoscopy s performed with the subject’s geze dlrec:ed to] w?

R *fnfinity (20 feet) ! called static retinoscopy, and at meat. (20 m)m)"

" called dynanté retinoscopy. Following this abjeztive pmudm—e,i

refraction 1s' refined using the subjaetiva test vﬁlnh refuires: the

nubj’ect'u mnp:rntion to denid: on the ﬂnll lens power requixed by ehe

nubjec: £or clear vision. This proceduré will be e,smbed mpre ful’].y

in the Hethodnlngy section. .

‘Concave (Mgltlve) lmsaT are used’ te ‘corgect myoplﬂ, and’ convnx 3 i
o

lennas to t ey ia. A myopic 1§Amu-' \

& tines ‘referred: to as.a negative and a

can be ‘called*a positive refraction. S B

! The unit of measure describing the power of a lens 1s:called ghe
. Dioptre (D). 'If:the Dioptric power is positive, thé lens is convex, =~ ~ .0

and 1f it is negative, the leng is concave.

* The use ﬂi mttlc units for acuity and reti‘noscopy has. not ‘been

genetnlly zltlhliuhed in North Americe. The equlvale_nts Tfor 20 }nchal

nnd 20 feet are: 50 cms. and 6 m. .




* Chapter II

o . PARLIER STUDIES OF:REFRACTION /
‘Iafrodiction < iL " LR R : ; 3

~Early 'studies

zerracmn deut thh Lwn aspe:ts of tl\c quesmm
" ‘The fitst was

oE the o lati

~.«u«»-n.u

ox ze£r=c~
£, and :the second pxoposed céuses tor rafuc\:iv; errors, espel:ully
- nyopill.

Becuist: of the gmaq in\:ercql “in myupi ) most of r,\‘u»studiea
T

‘CAUSES OF" K}:mcﬂvla ERROR™

[ Prior to'the

’uhm- mmenced a

ht:r.)e %gr 100 yéa cs aga, the himan eye was’ cunsirlered “to:be made:up

 of varioys

empane«ts wmch had "5:andurd" curvas and thlcknesse34

i)

these components matched’ pxoperly, m::rapxa vas the result.

oy, devumn fron ‘fhis,

s called an Mervor™ of refracticm_, a cem K

fin use even to (his da

Hyobia has been !ecugnize{l sxnc: ‘at 1aas: the I:.ine of, Aris:auu.

butJPlunpius‘(lGSZ) was zhe first o sscciau the cundltlon with a

odds (cued 1n Borish 197(0‘

bondars




¢ 7L posture dn »mm e eye imngs dorin: Gravlty pulIs o the. ’hptio,nerve,

o e sl:xy.r.l:hlng the-eye! . 7

ety Prumpted by the work.of ‘Dondérs (1866, ‘conn: (1357) conducte’d a’

study of “ovet 10, uau s:hnnl chudnn. usa—abuse -

/ ebdy. In his view con

propesed the

ant ‘accommodation at ‘near pni.n!: lea: to

:\.ﬁfs mm and b’ many adierents todny.

Bacause of ‘Gohn" s flnd;ngs (1867 “and that ni ol:l\ers at: the.tim

im:reased myopia :u| s:hacl children. 'mls :heory vas strungly suppor:qd “

myupu Wi th

There ‘were- also fhosé who thaught that mynpi}.l vas, an ‘hereditary

edate as m i)omms (1554) Althcugh he thnught € nyopi.a was

Saiaad by thie’ muscles Vsque zing" me eyehall he' lsn posr.ulm.-ed that

, ohce uyopis wib acquimd, 1: cpuld be. passed:on to; suncgeding aeneu—-

5 :1ons -Eventually, e Bippgsdy, - the éntire unrld popula:ian ‘voiuld..

“become. myapic, and 'he therefore propnsed that dusuc m:asures _should

" be Eakgn o Combat: this pauibil'lty This led to. many mee:ings by

1=ading researcheu ax\d l;'hence to. Ll|= :hnvprnvement “of. lighting. in class—

© . rooms. ' ‘Ask (1925) was one o the Sv.sndinivia\\ investiystors at the tim.e

R nttzihuteﬂ adrop “in- woph to 1m’proved sn:houl hygienp,

uhne the ptedmnhmnt thought at that ‘dime-wag :hm: close work

i cuused an’ elungptidn of the aye‘hall m ‘some way, ' other flctars impli—
3 e

cn:ea ugr\ bld r{E10 viﬁamln e 1 ,-

oot ‘hygiene. D\Ike—!ldg_r 1970) 1mm“a ﬂ.leged causes

GF ‘myopia,-}




_déscribed where relevant.

e The early mechm'isuc theqries g;vg way to the blological -view "
after ‘the woxk of Steiger (1913). He apprécsazed réfraction to bé 8

N o o conunuum with myopia at:one end; ‘and’ hypampla at. the oﬂmr, that i
rafrac:ﬁon was distributed narmally, just as height; velgbt, ete. He

e . iuggested that there was a wide rage of refractive States, vhich vas

‘normally dlacributed but that as euah oculur cnmonmt vurled numlly,

¢ there was a :cmpensnt;ng nechianism cunu—ol_ung the components that ‘could

override any :component- that varied beyond the norm. In his view, each. o i

of the components was primarily -inherited, but could be influenced by

environmental ‘factors. The ‘compensating mechanisn uorked 1a ﬂ\is manner.
18, far exsinple o syes the cornea was too flat, the axis 1eng:’ would

i cwpenmte for this mnmly, leuding to'an emmet:opu in that eye, In-

this view, the, Joptic axis,vas the ewponeng that’ cumpensated thie, most

for atiy other non—noml nompanents. Because,. as he. thought, all
components varled f:eely, refractiun itself must vnry freely and follmr i i

a Guussinn die:rﬂmtion "

Lt ULt Barlier, Strab (1909) ‘had argued enat_the ocular ‘components. mighe

vary 1y in & manner tting a langer .qu In ‘studies on
2 T

ddstribution of refraction, Wibaut (1926) Enund_houev_er chat the aistri-

i . “Butdon Gatve of refraction was not Gaussian, but that At was skewed.to: :

b
g

4 the ‘minus sidel Betach and Scheerer .(1929) showed- that the curve vas

not ‘motmal, but vas leptokutm:ic and-skeved to. the minis side. % i

S e This has been ‘conELimed by many suhsequent abuitai

(Sorsby, 19

3 Brown ‘and’ Kxonfeld, 1929' Stenst'rm, 1946). Fi’gura 2,

taken f'mm Betsch and Scl\eerer (1929). Sato (1941) and Otsukn (1957)

J “Alluserates the typ{cal aurve of ‘distribubtbn of refraction.




0" sa-um & Betsch (%29

lrnm Dulu  Cder~

2
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‘ngure 2. Refractive distrib\n:iol\ curve
“£rom ‘three studies.:

The data’ of ‘Sato and of Otsuka’ were ‘superimposed. on the:display. -
and ‘the axes of Sheerer and Betsch’(Duke-EIder, 1970), which were
‘set out fn 1.D. intervals in each direction rom the modal ref-
raction (+0.25 D.) on the abcissa. The Japanese studies Lndicate -
more' myopia, .and thus' proportionately less hyne:npla in thes
fxzqucm:y distributions. (pv,69-71)




5 matetinl, army fetruits, or other pre—sglected groups, which would -

" bution (Bozig‘ L97D)4 'Cnuplcd with fhe wide tangs of saterials, there

- apterior chamber; or an increase’ in axial length. That 1s, myopia can,

< of . thése. components,

imposeible to measure all of the compoments at ‘the same rime wl:_l\ any

Alchcugb most of: the early stuites. wue conduted on“éither eltnieal

produr.s unnatural cirves by, t.he very nature of the pre-selgc:ion, other

studies on & broader range “of sub; écts shoved sintlar, curves ‘of distri—

Vas @lso ‘a.great diversity in experimental techniques used in the

{atdites) ﬁwevex, Sozsby (1966) “has poLnted out that in spi:e of :hese

fac:ors, the ‘curves all agree in.the most inportant factora, rumely Ehe:

lep:ukurtosis and fhe, skewess. m general:

ihe peak of tthe ‘curve 15 at or about #0.50' D nnd ‘not at plang’’ ; ¢

(0.00,D.). R

2., There are more high hyperopes “and high hyopes ‘than would v‘be :
>

expected in a norual distrihur_xon. pa #

| There are nore high myopes than high hypernpes, saiistng the

skawnass to the minus side: . i

com’omm'rs OF REFRAGTION

. It uas shown earllet that myopiu is clused by :he focusslng of -the

BB £xont 5f the ietina. This can be cnuaed by'a shorténed raditie ‘of
(curvature of any one ‘of the sheractiiy susfaces of the eye; a change m

i

!

1
the ‘refractive index of any of the media;. a decréasé ih depth of the - i

i

result from variation in any-of the ocular cuiﬁponents. Because certain

are fn a constant state of nhm\ge, it has bean

éeg’ree‘of-aecura:y. However, it-has been'posilhle to measure:certain

components ‘and to measure the, zefractive “exror atrthe same tine; e




E ok A "ty ek .
components ‘that have'been peasured are the' radius of the cornea, the
length of the optic axis; and antefior chamber depth, while the' powes of

Vo . ' the lens Has. been computed ‘indirectly from other: direct measuréments.
i 1,

After Steiger's (1913). work began on the

various opticali components which ‘make up the refractiof.
| ‘

Trnn (1934). meusuxed corneal -:urvature, antarior chamber:, depth,

K thickness of the lens, anterior and posterior lens Fadii, pover of ‘the

- ¥ .cornea; yo’we'r of the lens, refraction of :the eye, and from these direct

i and Yndizect reasures, he calculated the axial length :lmiizgctly. of. R
g thesn, all but thP, axial length fullnved a normal Gaussian distribution. i
. [b' * Hovevez, Tron Found st By renoving the values over -6 5 from” Sthe-
N data; the axial length curve vas also Gaussian. Figure 3 illustrates, %
the dlatribution of the vazious ‘cor ‘s, as_shbui by Tron 29, vho i oL

cuncluded that the concept of Steiger-(1913) was wrong, viz., that 2 \
fefraction was not mrmauy distributed. |
i

A Sr - " Tron also showed thnt for a given valie of any cnn;vﬂﬁ!;ut, chue g

e, 1: the eye had a long axis, .

vere ‘a vnrigl.’y of . possible refractions
the other components could compénsate for this 'error' in‘length of

axis.” Because if those values over'-6 D. were removed the axial Iength

" curve.was also Gaussian, he cn‘nclud:d myopia must be of two types; simple -
| ¢ 'and pazhuu'gml. ~lllnuevzr, Titoff (1937) .éepznced Tron's experiment and
feuﬂd that even if those eyes with posterior pole. damage, or those gver . . A
<6 D. vére resoved, the axial Tengeh curve vas seily leptokurtozic and ‘
sltgwed to the long side:

Lo There. then fnlluued & period of extensive investigation 1n:o each

" ‘of the components by Stenltrum (1946), Sotaby (1966) , ‘and van' Alphen

(1961) , inter Allos B
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~ .. ' .Flgure 3. Variability of: a) depth'of anterior’ chamber;: -
Gy © & b)/thickness’ of lens, c) anterior suiface of the
: s, d)-posterior surface of the lens, e) radiust
the cornea, £) refractive power of the,lens,
8) refractive power of the eye, R) length of the -
[ “optic axts: (all myopic eyes) . - X

i s0lid llnc——nomal curve,

g ol 5 G .-, dotted line—---- --actual curve

- (from Tron, 1929 . . . A3, i e
i % st o : X ..
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Tt T Stenatron (1946) neasured 1000 xlgh[ eyes’ of 315. females and 685

»males using keratomatry to measure carneal curfature, " ‘and’ the then new
! g X-Ray technique to measure the axial length. ~He caleulated correlation &
coefficients between the various elements and found that Tron was th
brrectiall EHE coRpaMENES  Followad B/ CauBsLan Eirve eiEebE (£or mital

Ieéngth. . Stenstrom found that TitcfE was also’ correct, that is, that

even with conus eyes :enwved, the distrihution for axial length was

leptokurtotic and skewed to the Long 5136, Stenstiom also.reported sone e j]\
cotrelntien befween the conpinents “uhich effected.a counter-balancing i

? : f
. hanlsm 6 sation" of the on.: In effect, an eye el o iy

A . v
£ e - 'a long axis would have a flatter cormea to achieve emmetropia. 'If this

"were true, there would be more 'emmetropes than could be seen by chance

a

E .7 fhe resultant refraction, vith the optic axis being the-most.importarit.

He also determined that certain elements contribute more:than others to-

. Hirsch and Weymouth (1947) this By resnalyzing
" dats ghg eneyanea ostag correlations that ‘the axial length ca'nn_ibu':ed
~ tyice more than the cornea or lens, and the anteifor chanber only i/10th
‘to the total refraction.. & e .

Sarsby et al (1957, 1961, 1962, 1970) used more modern methods

(ultrasomogiafhy) to neasure the’ components ‘and"cone ta the’ concluaton
that as the eye l'sngthene; the cornea and lens compensate, bringlng
‘about emmetropisation. ‘Hovever, Sorsby (1972) T,
two types of eyes. One type iengn‘ens only slightly in the early years,"
= : nlluwing the othet élements to alter themselves with ease and producing
- alemrropie or.nearly emetropic eye. The second type of eye aiigrges
‘much more. The cornea and lens try t.n/ compensate, but ‘they’ cannot Eully‘

Regate’ the longer axis, and these eyes shift towards myopia,—or less




! 16
hypesdpia. Sorsby (1972) dsserts that ‘the e uuh this type of eye
usually shows rapid growth in nhildhaad. |
X sorsby rifire’ eoh thesestiin types of nyopla as: Weorrelation” and -’

"component”' types, and Sorsby (1950) shoved that the axial length
1s usually ‘proportional to.the degree of refractive error.

JIn Correlation amnwpi.a, all the somponents are vartable,
with most nomally distributed, and with the distribution for e
each of . the ‘components showlng a.vide range of values, vhether the ame
‘tropia 1s high or low.’ Where there is ametropia, it can be due’to poor
coordination of the cmponenia, ‘aven though esch dould Fall'n bhe
formal range. The comy;nentﬂ are probably imherited (Goldechmidt,
1968).

Siaarvopta de the result of good coordination, with n‘)\igh corre-
lation ‘of the cempunenis About20% of all subjects are myapi-: )
because' of posr cobrdinition of the :ompnnents "The mechanisn 15

\mknmm (sorsby,. 1957). ;,

Component ametropia is usually found 14 Tiigh' Bme:mvia, 1/e. at the

" extremes of the refraction Thia”type of 1a 18 usually
) 5
due to the axial length being emm shortar “or longer than notealy

without proper by the other :

Stenstrom (1946) corralnted axial lemgth with corneal curvnture nml
found the value of r to be -0.84 for all yefral:tiorm, vhich confirmed
that these two sv;uubles are thn most regponsible for refractive error.
‘because the vulues of z, for :he other components with tafrlctiﬂn wexa

" less. ' As the eye lengthens, the cornea becomes corréspondingly _fln::ex.

14 stidying these same tvo variables, Soxsby (1957) found the correla

tion to be ~0.877 for 66, eyes.. The _for myopia '

IR I B
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and hyperopia, however, were less than those found by Stenstrom (1946),

but the numbér of Sbservations made by Sorsby: was mich’smaller,

. ‘Correlation coefficients of axial length
and corneal ‘curvature for different”- .

refractive errors (Sorsby, 1957)

1. Table

3 myopia R “etmetropia ., Ahypex'oi)!‘n
¢ © axis > 25mm . < 25mm - : = {
n/ (eyes) , 17 i .66 R )
: v Sl >
Al 50,680 " VL ~04541 -0.877

Sorsby -(1957) also. found a.higher mean cormeal power 1-4
eyes compared to 107 hyperople eyes and 90 émmetropic eyes. r

" fable'2. Mean axial length and mean corneal power for
.three different refractive states (from

t : -Sorsby, 1957) E .
‘myopie ¢ emmetropia hyperopia

‘n (eyes) 42 . . 107 < e 90
range: 2Q.51'D ko ~4.0' D LoD © 40151 D-to #4:0' D
nean ax. - A T ;
et Y. 23,85 23,47, 5’
daan Corpeal R e L a3as D L 42.86 D
power ., 7, N )

A higher corneal power represents aflatter corneal éurve, or'a

Longer radifs 6f curvature. Fion the results presented in Table 2, .,
Sotsby concluded r.hnc corneal pover Ts important in refractions between
*and -4 D, vith a flacter comea 'the result in embetropia and myopia.

,Bacnusg an.iqczeaae of 1/3 mi of axial léngth 1\ low refractive error




, 1s" equal to 1 D, 'of myopia, to compensate the corneal radius has to

increase by 0.19-mm. Therefore if the cornea £ails to flattenm,'or if

. the ‘axis becomes too long to compensaté for the. flattensd cornea, myopla -

il b the result. I %

Stenstron (1946) deternined the correlation cooffictent () of
dxial Length and refraction tobe, -0.76, Hirsch and Weynouth (1947)
reanalyzed the data and partialled out corneal curvature, resulting in
an x Of -0.87. ' Sorsby et al (1957) used the same data, bue pam.aue:x

out: corneal pover’y lens pover, and anterior chamber depth, with a -

. resultant. r of -0.971. "From fhiese” partial correlacinns it seews that

¢
- “the depth of 'the cliamber is an important determinant of the Einal

refraction. Stenstroi (1946) fond the T for P g—— |
axtal leagth fo be - 0.44, -and Sorsby (1957) found m,s value tobe
10.478.. Hovever, whep van Alphen (1961) reanalyzed Sorsby's data by
ii};t'rémving extreme values (+ 8 D.) r 'fell to . 0.29. When he par~
¢4alled ‘out'the cormeal power, r becanie - 0.50,. indicating again the
importance 'of axtal length and corneal [pover to refractien, while the

other had iesser 1 He s that high

'h);pempes hive & shallow anterlor chaber, while high mybpes have's
deeper chamber The deep chanber “{n myopia was ‘also found by s:ennmm
(1946) . va“uphm (1961) alssfound that increased lems pover 1s asdo-
ctated with a shalloy terior chamber, leading to the conclusion that
the dopth of the anterior chasber 14 the Yesult of m interaction o
comeal curvature and axial length change as vell as lens change.
van.Alphen (1961) reanalyzed Stenstron's data (1946) in order to
evaluate s hypothesis Fegardtag the origin of Tefractive erfors, . At
the outast, he pointed out some of .the inherent errors in the studtes.

T
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" Comnent :

. of ‘ametropia, co and

i ) ¥ 2 i9
of Stenstron (1946).and Sorsby (1957). 1a i Topher ases ‘SUmstiou’,
had compared variables. that had-been messured in different dimensions. -
For instance, axial length had .been eavraLabad with corneal pover. van
Alphen advocated that corneal pover sh‘uuld have been converted to - corneal
radivs before comparison with axtal length. In both the Stenstrom and )
Sorsby studies spurious correlations could have arisen. Lens pover
hiad 26t bee neasured direstly by Stenstfom but bad been correlated

with variables which themselves had contributed to the calculation for

. ‘Lens pover. Stmilarly, Sovsby (1957) had correlated“axial length with

variables that had contributed to the axial Length value..
Fron ‘s reanalysis of the correlation data; van Alphen (1961)

offered an hypothesis for ‘the origin of refractive errors, which will

be discussed later. (pp. 27-29).

Of the optical componerits known to affect refraction, axial length

1s the only one to show a’non-Gaussian’distribution: Its distribution

1s pesked and skeued to the long side, Correlation studfes by
Stenstrom (1946), Sorsby ‘(1957), and van Alphen (1961) demonstrate

that axial length, corneal power, anterior chamber depth, and lens

pover all to the ultimate but that the first
two are relatively more -important.

Using t\\e‘menchcure of Sorshy (1957), there are two basic types

In the former, most of the
refractions fall between ~4 and #4'D, ‘this range encompasaing 0% of
refractions; . Tn this range, Sorsby (1957) showed ‘:}'-’: the cornea and
lens adapt o any -axial change. This emmetropization is mentioned by

Tron (1929), Sw}sby {1347), and Wirsch (1952), but the mechanisu itself
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1dunknown. , Duke-Elder ' (1970) and Goldschuid: (1968) have both suggeated

that in this type of ametropia, the distribution of component.values is
Probably determined genetfcally. "

Component amétropia accounts for the more severe but relatively
Loss Erequenit forms‘of mmetropia. Duke-Elder (1970) dsserts that in

this type of smetropia, the components can be of abnormal size, usually

L. from ge.;e:;',; cause, and often in “with other
of the deleterious genc.

The study GF corPETAE i EtRen peLas components has proven
illuiinating as regards their interrelationships with each other and
With oculat refraction. But, as van Alphen '(1961) has pointed out,
this work has npt done much to expla..in §he origins of refractive

" errors. Refraction depends to a large extent on the length of the
eye, the urve.of the corued, and Lens pover.  Ge of the nsjor
problems is that in mo' study have all the cou;pnnents been measured
simultnnuously. nor fs 4t technically possible to do-wp. The dasure
of refraction at the same time as the other measures are being made s
1 also impogpant. It has bee“ suggested by van Alphen (1961) and
others (Young, 1969; Sate, 1957); that actomodation piays a fole
in'the determination of final refraction. The literature ‘on this

a!suciatinn is now examined.




. Ke].m\\onz (ttmslar_ed 1942) said: - TR

7 ki ©
There 1.n0 other subject in phystological optics “about which

0. many antagonistic opiniofs have been entertained as con-
Gerning the accommodation of the eye. B

¥ Accofmwdatlun s that ‘action by the ciliary musc"e and: l:he lens

surfacei” & 3
»Halmhelé;'n theory of Et;cb.modstiqn states that. the contraction of
the ci‘ilaryv muscle.by drawing foiward the choroid relares the-temsion
of the zonnl;, and permits the lens by_vl;‘tue ;:i'its elasticity to
passively assune a‘tiore spherical form, which at the sane ‘time produces
a corresponding decrease in the equatorial diameter of the lens, - the
‘eq.uatnt mcedlngh‘lnﬁlurds towards the axis of the eye, kept “from coming
in contact/with the ciliary processes as they advance. y

An. opposing theary, that of Tacheruing (1895), states that the

4 Gontiactdon of the ciliary muscle does not relax, but. nther ugln:em

the. zonule, n!teﬂng the ‘lens surface.fron a spherical to a hypzrbnlaid
forn. This 48 caused by an dettve compression by Mueller's ring and '
not by a passive exercise of the eu;;id:y % the'lens,

Of the two, the first theory is the more generally-accepted. .

* The normsl eye at rest is focussed at iufinity (effectively 20 feet

or more). In order to focus an object within infinity, the eye must add '
- e Y : €

to its dioptric power enough pover to neutralize the light wave entering -

the eye fromthe object and to render- the vave as 1f it vas ‘contng from

uhm. increases the, convexity of the lens, prin:ipally on the anterfor <

\
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T curvatute of. ;he ught wave when it szrﬂus the eye, and :his dismm:e

1a:}he ‘focal length of the dicptric povei wlucg. the ‘eye; by amtnias

tion,: must 'add ‘to 1tseif to focus ':he Bbjec:. /In the normal eve,

i is the 7 1 6f ‘the dist in: vhich it is exe

5 o g claed " Thus’ for an object' that 1s 20 inches “érom the eve; tlxe eye used

z b.of accwmoﬂation, and at 10 1nches P

“at iﬂiinity uses an-‘amount. oE tio equal to h: one:

<0 mbatad this Amnunc to the reclprm:ll ‘ofthe distence; A 2 3 nypm':pe

R s xui.prncal of. tha disr.anca. £ he fixates 8t 10 lnnhes, be uses 4

< of ar:cmmlndatlﬂnv

At_kinmm (19&6) desu bes the lnnewa:ion ds being vrh:arily of ths

Ty Gt uympal:fzetic. . dn. his view, the o e reﬂ.ex s ‘by

/ablurred retinal stlaulus, but the mechnnlm vnﬁms x&flex is

¥
s yeri unclear, as pavxon 41971) tlAu stltes. » Atld.nson etates vir_huut

exyerimut.al evidence tha: cha retimll.’ly lnltiated. 1llpu1le 15 ::aniad .

. There itds :runlfetzed

via, the optic: tract. :o the nnn:ipitul cort

t.o :hg dliuy a%guon, and? dellverad to the cili;ry neurons of che

“In at hypernpe, who. -

"v to the M: ventﬂcle, x‘elayad to he mo:nr ucuLl, by ‘which-it 1s cnrx‘ied iy




1mage fol:ussu\g in,thé eye

mxnish o sxze.. ‘e hu

wight Ba 1puy1rea '\




systens £nvoLvaﬂ in a:nnmndatinn, ‘there have been studies suggest;lng

+ voluntary. control of & : t (1951)
i excess of 1'D."of acconinodation fi. states of anger, and the ‘mere
g nmugm of 'near'. or 'far' cancepts produce shifts of up'to 0. 50 D..
o Begardlng the fibers of the cuury mhsclé, there have been con-

flicting reports..” Wolff (1948) quoting. l‘uchs., statesthat the circulu‘

fibers only. appear after age 5, while Mamn:(1928) reported that they’ are "

seen 1o, a 6-month 618 fobis. ” Adler (wsy) ‘states, that thase iiber- are -

. pooFly deveioved in myopes: and - eIl developed dn hyperapes, thus

Amplying. ‘that the: édreular - fibers"ate iuportet in accompddation, and -

‘also indicatiiig. a i

") ‘that. the' circhlar ‘fibers provided about 40% of the total Amplitude of

-accommodation, accountitg for the first.3.D. nE .acconmodation. saplitude

 oF ac:amnda:.tan is! deﬁned as :he{ ExEategt st of ddoptric pover

. that’can be add:d cn the'static eye by the raxinin clliary efﬁm'
Adel aliso found hnwevet, that 'sustalned accommodation is effected

by then longtitudinal portion of :he\ ciliary body which puug-:pe ;
. chorofd Forvard, causing the axial shift famyopta, an essential
“potntin the van’ Alphen: (1961) e diseussed later  (pp. 27-29),
The” diminutinn of: the' mplitllde of ul’.commdal:inn vir.h age\ has been

na:ed nnd has beén. a:cribu;ed (Du}le 1dex. 1970), £o cha.nges in-the " !

lena dr 1n .the cuhry ruscle.

Dtsulu (1968). reported on seve‘ral npmnen:s by hinself; Tokqtg,

.,.d Imngura in Japan, which found'an increase fa ciliary muscle‘tonus

to. be correlated with lengthening of the optic sxis.and myopic ncrésse

in'45 subjects Tanging in age Erow 7.to 15 over.a perfod of 3 to 5. years.

* Otsuka found that the ciliary musclé is, innervated mainly by,'the para-
sympathstic while the sympathetic innervated the.ciliary,walP. :

e-disiise fanctioh in ametropia. Adel (1966) tepnrtad ;




“STUDIES’ 0N ARTIFICIAL MANIPULATION OF ACCOMSYODATION.

) A:rngine ® By

< Duting the ‘16th century, a:rapin: was used”for cosma:ic purpeses, to

The dmg s

g wynyla in monkeys seem to l:onfim t'har. accmoda:ian }J.ays

; role 111 the’ developmnc nf myopia.

. daily bnsis in d\ildren uit:h & myoyia i1 fican 'w

:d A(tcpim-. isa cycluplegic dmg used to inactivate accomdation.

enlarge the Eemale Supu . :h= :em "be].ladcnnx (Hichaels, 1675).

qen used by several 1nvestigatoxs i an attempt o feduc

or ‘teverss iyopia, -on, the. premise ehiat acnomuodatl causes l\yapis, and

therefore 1f ‘the lccemmuda:ion could be relaxed; myop!a would dislppeam
Young's ‘studies’ (1965, 1955 11975) on’ the effect of a!ropins on *

:lmyart:nt

e mnfmed his monkeys into 4~

‘restricted visuil space end ‘after myop:l. had developed, he- ms(iued

.. atropine..to elininate > by furthar accommodatijn while tha anmau sl’.i].).‘

maintained convergerice. After: 1!5 mnnths of atropine Lnstillation. no " s
furt)\et myopia vas ofervads compared to controls in vhich 1k continued

todevelop‘ SR R g Sen i

B-drossiin (1964)

by s s iceomodat on;, “He ‘egicl ~tha|: attnpine ‘imailled on ©

. the brogregs’ of ‘the myopin, uhm toupared th ¢he coatrol eye which waé

- mot tréated, - Ta sons patie ts, the treated :ye actually, shoved a

decroase of Tyopld.
Satn (1957) periomd a study:using atxcpine on 1000 Japanese

I3
children nnd found a great chsnge sed plus’ iu
3 :nd emma:myes, and also'in myopes that vére hetwean 0 lnd 1 D. The

changes un!ted within A days uf start of treatment nnd Sato poatulnl:ed

that weak myopia is-caused by & hyper;cngcizy of the e11%iry muscie:’ ¢
e A 5 il

P e

i atropine-on humans:in nrdex‘c? contfbl' m&opn.




i }(ei}:l\er Young no; nedrassian rspurteﬂ a change to Plna The ‘initial:

mycpia in Bedtnss!—sn & macertal wis not Xepartzd. s0 4t 1s pospible ‘that

Tits Bu‘bjects had more than 1'D. of myopia at the -:au of the expux-

ment.’, ‘Sato reporud that after.cessatlon of euapmz :reamen:, the 3

otiginaln state of refraction yas rengned within 40 duys.

nifgml to Hndlfx Aecbuotation’ ! |
xe‘lly (1975) demonstra(ed :he arrest of wupu 1n ssz ot aubjec:s

“over 2 years, using Mfocals, and uak1ey and ‘lnnng (1975) xepunea tha:

the use’ of" bifocal lensas 1 & 'study on 544 chudren aused. a- lover rnr_:

of myopic P gxesaiun (frem 0. 50 D.7to 0, 05 D. per year), agdin ‘showing,

; " the effect of accommndstian on mywpla " since the usc of Pl\ls lenazs
’xelsxés the\ accumodntion at near, and‘ ill a bi(\ﬂ:al lens :he 1W2r
segmenr. 1s more convex r.han Jthe uppur segment ma effect: us the biiol:ll
on .:comadatlen 15 explatned. Tl:l: lower segment-n‘f r.ha bifocal: lens

" 5 mora convek than the upper segment, and plis et Savestalabes

. “accomsodation. “ e

Uy e et : G A o - 5
HYPOTHESES ON ACCOMMODATTON 'AND_ REFRACTION : 5 3 "

Young (1975): specilated that myopia dévelaps fn tuo‘éénges.-» mé -

‘s: stagé ds a continuous sza:e of; accommodation ‘that 1s not ml.nxgd,
when the young child is TilaiSenr vork, ‘When the child then shifcs hass
gaze o distance; he s unable o relax the accomodation as a resile”

\ o long hours at.‘near vosk wiilén have, upaat, the normal. responise charac- -

teristics ai the cuxary wuscle., This, leads, according to Yuung, to an

increase *n axial lengr.n. Satu (154!.) alsu demonstrated cMs continueus

‘state of’ ncmmmodatiun wifh mear work. . - .

“ /. on the other hand, Baldwin‘(1965), using cycloplegic and noa<




tha: _: ation does nnt cause myopiai ., ’

e found ‘hat_sccomodation ‘dLd not. chaige with.an increase in myup:la,

nox did, the. accumodacive—convergence ‘ratio. . He clatmed that the lens

and the axial lengch vere the et cmtributors but did not explain huw 4

these' tiio tomponents ‘becane’ the. causal agents..’

/" In thewedtlier ‘garding the investigations on the'

npc'icn components, . reference was made to :'he work of van Alphen (1961).
s

He ma pom:ea out tﬁat refraction:could be exprﬁ5sed as a linear func~

(1on of the optical cumpnnen:s or ag_a simple f\mctlm\ of the :am1 °-

refractive poust aid axin) length. . These functioris, hwzver, xevealed

no inify ion about the ung hanism that e ‘the ulti-
" mate tefrastiony: Mps theory vas developed from comparism}s of thev 2
Biwple corralatlons betveen the five components, namely, refraction,
“axial length; chaiber depth, -cornéal pover, and Tens pover. 5

Usifg factor analysis, he proposed that there were two fnddpendent

 Factors,  factor § relitad to- corncal _powar and axial length, and factor B

related ‘to axial length, léns pover, end chauber,depth. Factor § fndis

*cated that larger éyes hate flattér cornegs and that this trénd is inde-

pendént of refraction, an idea that had been ex’pressed by Steiger (1913),
but. largely fgiwxed Factor P.indicates’a deepo,r afitertor ‘chamber and

x flazcgr. lens in e § 3

Contraction ‘of- ehie ciliary muscle leads toincreased tension in any

part. of' the chordid during accomsodation, and pressure in the

pra-c 1 space d The systen causes -

édlfaty contraction; _causina the choroid to move fonurd, ‘redicing




: i IR
pressure: H‘hen the acca'umdntidn is relaxed, the opposite decurs, f.e.-
tha tertsion on -thé chntoid decteases. if tansinn on the choroid
increases, therc could'be an increase'of Ydtiaboiled pressure during

in' the. determi~

The' int pressure is

e o E
‘pation of refraction.’ Eyes of different size have similar shape, with

o : . g
"the underlying size of the eye resulting from growth'and stretch factors

Gmwth is genetic, and stretch depends on'the intraocular pressure and
the elasticity of the sclera’ and ‘ripld coats of the eycball, In other
words, refta-:tion has fo relationship with the'eye ‘size. :
{1 thtra guctor, By detaruinds the tefrution ‘and expresses the.
interrelationship betuden B and §. This factor R is médiated by the - g
highaz cortical and subrcortical cencers. ; g
Vhen the Ancrease in sxial 1ength 1s accmnpanied by an J.m:rease o

comeal pover, the result is Wopiss, Th 'small hyperop.h: eye with thie

flat cumsa, shallow :hamher, and round lens is the cpposite to the-

ovnid\myopxc eve Hich tha cutyed cornea, deep chsmber, and flat dens. |,

. -According to this nodel, psychological factors and stress are.

1nvol\led in the ﬁnal determination of t'he@eixactiun

There are two: r.ypes of near work, according to, van Alphen. : There '
ig"the sustained near work, or reading, that 18- involved in deep thinking
and’ learning, and thEFe is the near work nr‘reading l’.};ac is mot involved

5. reading for pleasure, knlttl.ng,

nearly as much with thinking, such
‘aeuing, etc. Tt is his contention that the inmex type of ‘near vurk
Leads to more stress on. the Visual'systen; with _different innervation
via the parasympathetic on the ciliary muscle, Neading to_the described.
chorotdal ‘tension, léngthening the axis, and thus nausing myopia. )

The nosuibility that the optical ‘elements. are inherited as auggeatad
"




29°
by Sorsby (1957), does ‘not. mean thnt refruc[ive errors lxe 1nherit=d<
van Alphen says that if the xesxacuon of the e s uumataly ddger=

Wined by cortieal and sub—nartiul zqulanion of the optic: O

*the whiols question of the =t1nlogy af xafrzctiﬂn is basically relal:ed

', pressure. fxom within.

to_the’inher{tance of psy\:holngil:al and aumnomtc t:nus. L
.

# /However, van Alphen does ‘not ‘place enough !:mphasxs on the environ-

mental aspedt of the near ‘work phennmemm s, he: described it. This
5 quzstion of the-effect of near unrk, which has teceiyed so much atteﬂtion ¥

. 1n the past (Cohn, 1867, ete.) will be exantied in 1{sht of van Alphen's
; b . ¢

exposition (1961); i & later section’of results of this dnvestigation’
in’Weatern Newfoundland: s

" “fuadaiedon, thire ‘ate cortain stulles which bear diFéctly on this
question., Eatlter, Stenstron (1546) eported that “there vas a correlat |
ton.of 0:65 betiseen the nn:exioppasmior axis of the eye and ‘the. .

‘transverse dlametex, lndinstil\g ‘that .as the eye enlarges, it does so in

“alls dizgcnons, which would ‘be the case in a sphere suffeung 1ncreased

1f;; & wds suggedted by van Alphen (1961), an, increase i tension

" on the chnrcid and decrease in the pressure in m chotoidul space .

e, 68 increase in’'the mtra—nnuhr pressure durlng su:amnwditinn
is mbe expected.  Coleman and Young (1962) did demonstrate a reduced

anterior chamber pressure. diiring acummudatsun, with an increased °

bréssute in the vitreous. ‘Rediced anterior chamber pressute was alse

shoun by Ammaly and Burian (1961, 1962) and by Perkins'and Young (1976)..
Young, (1975)  postulated that the increase tn vil:reous volune could
oceur in many saall steps, depending on the type and: amount of ‘accomto—

dation that vas taking place over time, He devised a technidue for '




J mnsnﬂng the change in pxessure in_ the vitreous zakxng plac= ovet time

T A mol\.ka'yl

which 15 11.nur1y related to },he disr_am:e of the object being vieved,

The Tovest préssure’ occurs when the vlewmg ohjec: s at 'lnﬂni!.y (20

feet), and mmvetsely,, the higheu pressute ‘occurs at the near’ point.’

Prther, the. pressure changed With the tnterest valie of the cbect,

u-L:h nore pressure recorded Vhen Lhe object haa nore ‘interest for the

subject: The pressure chinge vemsinad relatively cénstant for as long

‘a8 an hour and 1£ the fixation distance was: changed over a fang

Foot.to 20 feet; the pressire. changed carrespondingly. i

 The ‘work of ‘'van Alphen (1961) and. Ym.mg (1975) in this area seems
to" support l:he concept of the 1mpn!tancu of near 'work, and sp;ciﬁcully

!tudying, if the. deternination e refraction. It would 'seen that near’

work amr refraction gay indeed be iterrelated as vas suggesl:ed by
. ‘Techerning, (1900)7

§ MISCELLANEOUS FACTORS THPLTCATED 1N WYOPTA

Factors ‘other ‘than accomsodatign have variously been proposed as

cau

és of myopia. * Duke-Elder (1970) listo those: mogt often cifed; and
their proponents. This section xev&wu I'.he ote p!nlll!nt lstenture

on this subject.

" Growth Factors g 5

The notion :hat height was rela \L o nyopia vas 1nvutiglted by o

Walker 1930) who' concluded  that height increased more rapidly.than

wveight' in myopic children. Or.her stndies relating myopia“to haxglxt vere

reya\ctzd by Dunstan (1934) who reported myopic children to be nnn and

He Teported that, there 13 an in;teusa in vitrenus pressure

&

£oone |
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"'thinner than ron-myopic childrériraf the same age, .mx by Pendse (1951)-

o "extingd 500 nddlcted schosl: children in India) _ In‘rione of these

atudies ere . ‘other variables igated; such a5 s

status; dutrition; * ' ;of genezal health.: “Somé:studies, to be '

discussed ‘later, have reported relatinéhips between health, nutrition' - *

and myopia i !

Gardirier (1955) reported tha; chxldren with pmgreesive myupis grew

faster than Ehdse with statinnuxy ijopia: " He d{d mot explitn, the dda- -

_exnc:m ber.ween the' two nySplas, nor did,hd sxamine any other vntaues.'

In.a study that vas npetaet vith psynhnlogual‘factors in mynpia,
v ’ 42 J:. Schultz (1960) also uarrela:ed’pond_eral Andex (heigh:/ueigm’) with: |

refraction. ' He found a greater ponderal index £6r hyperopia compared

- tormyopia. e o : Toelly 55 B o P

. Ileither Sorsby (wex) nor Dtsuku (1956) found any significant”

differences, 1n heljht betveen myophs snd non-ayopes. Galdschmidt 966

)

cited studies by Prancke (1938) and by Johansen (1950) Francke

reperted a slight di.fference in “height betveen myopes and nnn-myopes,

but Table 3:indfcates the d1fferences ta 'ne marginal.: Table 4 repre-

sam:ﬁ the data’from the Johangen study and indicates that” differences

“do. ot reach :uustica.l significance.’

16T 7 .. . The best study of the relationships of height and ‘Tefraction 'is -

that of Goldschmidt (1966). He exanind the récords of 3511 military =

conaéripts, ‘the majority of vhon vere aged 18-20, subdivided'into stx’

 groups based on educationdl ‘levél and trade.  He. found a highly signifi-

cant. difference in height 1 groups.. The myopes were °
on an average 1.6 cm mler (p <-0.001). - However, when compared to, non~'

§ . myopes in their own sociql_group, di:fferences were not ‘significant.”




Table 3, Budy helght and ‘refractioh.
- ( rom | Goldschmldt, 1956)*

mean. ht. ’1\5 o

. e
Myopes .170:4
: Eametropes - " 168.0°
167.

Hyperopes .

*Francke 1938 study

i

Table 4.° ‘Survey of the ‘average values: found -for body
*'. " heights’of myopic and noh-myopic:boys e
between the ages of 12 'and- 15 (from i . g

Solduchmid:, 1965)”

- B
sionH. . Myople.

L I (L “15 .
/mon-M; Myopic mon-M, 'Myopic 'mon-M. -Myopic' < .|

hges L T

Nugber 159 10

helght fems) 151,16 153.25
 (mean) ‘

sD

Probability 10-202

C-6.89 =3.84

125 12

156.53 158.27 163.07  166.50..169.11:7174.52

1200 . 6. 80

~7.57 =7:64

. 30%

- #Johangen 1950 study
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Table 5. ‘Mean heights (in cms) of conscripts by oécupa-
5 t16nal group, and by refractive status (adapted
f£ron Goldschmide, 1966). :
v Myopes. . .- non-myopes:
Occupational Group - % P, pelbhe il @ helght
i. Grammar ‘School & % , . g
wndoasridistas 152 179.51 sz 17958,
2. Business and office 16y 17804 505 . 177.06
. Technical engineers | -~ . ° 29 ir5.38 | 110 178.53
4. Craftemen. . - Lol imass © 286 . “176:52
5. Skilled workers = ' 106 176,04 LM77 175.57°
6. Laborers, scamen 4 arsse L 60 sy
Total - - 491 17764 3020 .. 176.03

Goldschmidt concluded, that .the. average height of the myopic jcon-

_scripts was greater than the average height of the non-myopic ‘conscripts;

but this vas not so in each of the six occupational groups. The data
confitmed that students afe taller than laborers,. whetler ‘this wag
senetlc or enviromnental, but taking tnto account the dtfterence tn

sociul milieu, better food; better health care, etc., thought it M.ghly

probablé that 'the vére tally (Cold- -

schmide, 1966)., . X
Goldschmidt also found, in examining 359 boys and girls aged 13-14,
that the average height varied between fhe different schoal stréams; g0
that ‘the more ntndemically inclired children vere taller|than those in
the "practical’ ‘streams, (p < 0.001). e notes ‘that height is predont-

mntly detetmined by heredity, but can’also be envirommentally detei-

" mined, as during the past century, the mean height of men in Denmark




g gy e R
* . rose from 165.4. cms to’about ‘176.0 cms. > s, i
W : ;

Goldschmidt therefore concluded that myopes and non-myopes in the.

sane socialfgroup vere'not different ln ‘hedght.. Even though in students,

there might' be a difference in height between social groups, Lt does nof:

£ollaw that there is'a cauul relationship between height and miraczmn, .

but’ only,

that'a large number of human characteristics, -including
refraction, are mot equally distributed anong different
social groups

Alsbirk (1979) £ound a statistically ncu—signxfic'nnt association of

height ‘and refraction (negative) in.a small sample of Greenland Eskimos.

Comments " - . i : . : y
We may conclude from the Goldschmidt (1966) study that helght
varies within different social and cultural groups, and also that

refraction varies between these groups. It is however not possible to
relate the two findings in a cause and effect maaner. Helght has

increased through time, probably due to bettér. dutrition and improved

Hovever, as Goldschuidt (1968) has shown, the incidence
of ‘myopia ius not dncreased in Demmark in 80 years) while héight has
increased. From these results, it cnnnpt be concluded that growth has’

any causal effect on myopia:

Nutrition and Diet

There have bee many Teports and studies’ nplculutjng on the effects

of diet and (or maliiutrition). on the

being that myopia seems’ to develop more rapidly during the period of

body growth. -

Draper (1924) observed that there was less myopia'in societies -
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uhich maintained ":radizional" diets, su:h as Eskilw or certain African

or European socleties. -He implicated the use of -commercial bread which

_Jacked proper vitamins. * This study reportéd no data, nor did the study

of Laval (1941), who ‘Suggested that nutritional deficfency is related

to socio-economic status. Because he had.noted the same ircidence of

_‘myopia in clinical ouwts as in private practite, he felt nurition

could fiot be a factor. g
chkson (1936) Eumir\ed (he effects of ptntein ﬂeficienl:y on rnts
The cyeball _enlarged by up. to 50%."" uwm: Addis Poo, and Lew (1935)

£ound that in a similar. -eXps inent the eyeballs failed to show any
o

prl‘ltéﬁn loss. McKeehan (1940) nnd McLaren [1953) Btudié the effects
o proten loss on pigs and rats, and found Iittle effect of severe
protein deficie\'\cy on eithe! the growth of the globe or the fluid
content of the eye. Young et al' (1973) exanined fhe effects of diet
(protein defistency) on'20 rlissys monkeys. ‘Witie grovth was affected,’
refractive error shoved no change. :

_Smith (l951) and Livingston (1946) found more myapln in war prl—

soneys. Smith's etudy ‘on’22 POUs, former emmetropes became fyopic

and loy m:\o?e\p ahiowed s merked fucresse in dyoplas: | .
 Skeller (1954) found nme mycpia in Bastern Greenland and hoted

that the. inhabitants ate a 1arge amount of animal fat, whereas.Cass -

(1973) thought that myopia tncveassd because the Northern Canddian °'

native people went from a low fat to a high fat diet. :

! " Gardiner (1958) found that 91 ybiite hilonan showed greater irregu-
larity in growth, earlier maturity, and had less animal protein in their
dets: Gardiner (1964) noted that myoplc children ate less protein than
non-myopic children and found girls refuse Prnf-‘eil’l n;re than boys. When
X P i i k




one gmwp .

7' he’ dduinistered protein’in the form'of calciun casetnate o

the change

.-0£91 children and"conpared then to a control group, of 346,

i wras & tically significan , the protéin group gconung_'

- Less ayopic. ’ﬁ:‘dkma"haw (1964) reporte ). r.he control of myopla by

G 2 et moﬂifiutmn, increasing aninal, protein and dhhinishi.n‘g arb_o'hy—

. drates s ra\)ort is msinly anecdotal in nature.. "

s commn:

& % Al:hnugh it would seem that nuttition should have an influence. on:
“ 2% e

réfraction;. this has not been

:'ha: nu‘cxmm veria‘s with g5 g s:‘m’s, nd ‘Goldschinide” (1966)

averan helghl/zafrlctlom telatic“ship, but :\m\ unuld be due to the

diffexem:es in gtowth in different socill graups due. to, nutritional

differenr.es. 2 5

on ‘the othisr ‘hand, evidence fnx the' inflience uf accemmodatinn on!

tepnn:ed that oz my pic eyes had less fx’lgid sclerle. Cur‘tin and Fang

(1953) found scleral nbers to be thifner and 1es8 abtindant in eyesmf

e nv:x -lO D. Cnetren nnd Pohjola ()961) -tudied 216 ‘subjects. bumeen thg

age; of 10 ‘and 40 149" eyes, vere mre, than. 1 D: hyperopc, 234 éyes vere. |




betwe:n hyperopil: Anﬂ ew:rapm eyes, ias nnn—‘ﬂigniﬁcant. : no»‘;evex»’the'

] rigidity o the, mynpic eyes )us slgnifim:\tly over cunpsted €6 the”

- other two’ gmupsA " In the mynpm eyes, the Tow zigidity persis@ed, > T

whereas in hypé opic and opic eyes: 1 values, were reached by

““age 20.- They ptopused that lnw ccular risiduy at Pube!ty vas'a flccor
o 2 s |
in. the develnpmant of myopxa. e e it

“These studies 1ndicale that Geakness of cnlugen tissue cf the

“caries, -Hirsch’(1973); alao repon.e smilar findings. with !espect to

T A cu]_lagen weaknzss and ‘myopia, with extaln q\xaliﬁtltiens. ‘Both st\ldies

. '\Here dorie on, college E cestr

42 in the iursnh smdy. AIn neither case was’ the, sex of the subjec:s

o
shven:

It was z\uted that the, subjzcts had & much higher incidence of 7

e Ll 'my;opiu ‘than ngrmaliy found Yaene gaiaal’ pnpul.!cian. ‘W fnund a

posxd1ve~remtnnamp bemeen degrge of myopln aid pimber uf cariegio

vhile Goldstein atd nat, buie theit dafln'tiﬂns of Mhigh myupia differed..

: Hirac)\ felv: [hnt '."ha dar_a "were. i nfficienk to make defmite a:undlua‘lcms

e and sugested (urthet studies on the. sociolngiml, echnic, and nr.hex

' varhhles Wi apuld Havd bias 1nvolved

in myupla- Llndner (




 chldren betwgen ‘the ages of 9 and 12 v=re studied. Thosu with énlarged : N

: vlisncilted with'a more negative 'fefraction;. Seott (1953) obogzved 1501

. Semeral Disedse and Debility

“a emaller gmrp of older’ teen-i gedg, he- found-a low x_m associated uir.\\
* higher degrees of myopia, similar to Findings of Bothmdn (1931).: The

. De"Vries study vas coriducted in ari ‘area uhe'u goltre vas very cum’n'n‘.

‘edses vhich dmonbtrsted this effect. When_the blood sugar Tevel became

5 mapin by Thompson (1919). Various-diseasés have been :epoxr.ed to ¢ause

abnoradl éomposition of nourishing Fliids which softéned.the ‘sclera.

Ina ;Eudy by De’ Vries (1850), cited 1n Beldyin (1964), ‘1600 ,m;m, B

thyroid glands were found to have . leds myopia, the et ety 4 m

Diabetes causes chages = theicrystalline Tens,  and 16 often i !

stable, tthe refraction revexted to’ its ‘pre-disease statée in'all but one '

or tw6 cases. The mechanisiis of -these diabetic charges; while ex:ensiy._— ¢

! et Uy T R
1y investigated (Duke Elder, 1970), are not completely understood,

and though intéresting, ‘are not- pursued’ further in this thesis. '’ .
; Poraied :

Tubereulésis in children vas' reported to be 4 causal agent.of |

myopla, Eraditionally febrile diséases such ds measles and scarlet

. fever. ‘In a-stidy on rihbir,a; s'udd’e‘n high fever vas Teported to producs = o .l

g I:ekween the ‘ages of 5 lnd 8; “Hirsch (1951) xepuz:ed flve tines the umul

pzevalem:e of ~1.00 D. or more. . i "

(p.37°) reported the correlation of myapin vith dxntal urlu. r:oldscuinz

% myopiu (Ham’ice ‘and Mushin,.1966)".

,Ina smdy of 314 school childr!n aged l’l/te 17 who had meas].el

Toxemia of | pregnlnny “was meltcl:ed in refncr.i\ve nhnnge towards

mynpil by Gardiner md James (1950) 2o

Tlus studies of Gclda:ein (1971) and Hitach (1973) unt!lmld above




The, ilurk of van Alph:n (1961) ‘and of Young (1975, 1975:) hwa addgrl

ot with bifocals

“explained that, this could bd¥dlie tn tné"fact that tooth enamel and -
the eyeball are. both of collagenous materiall .
“Couments ] £ .
1 5 L 4 g,
It is well established: that ’myupia 1s a mismatch of the oculer

. copponénts, Accommodative effort’appears to play an mpm-n: zole' in

" the detemination of the £inal . Aside from odation,”

certain mvesugacors hnve aoughq to ﬁnplicatg other faccars in’ nyupia, )

’such as height;

nuerition, general debility; diseasei. ete. -However; for

“none. OF theae s’ the eytdericé s cs incing as that for ac ition.

'thn “the earlian s:udlu Sf 'Cohn (1857) and nthe:s, the :ffec:a Df near

. work have bean mentioned as haing {wmportant tn the detemin-uon of

reimc:im\. The studies reviéved ‘generaily, soppoit. this early hypar.hesiu. 2

evidence 'deni g. that pressure can .
increase the. volume' of the eyeball, and not only the optic, axis.'The rep=
5 , . ’

orted long eye seen'in myopia.could reflect an increase in intra-ocular.

‘ressure from within the eyeball and'not from the exterior; as-postulated

by Donders (1864). Findings' that accommodation is modifiablé with drugs

d that this can arrest. the progress of myopia,

Furthar 1 Inplicate the effect of accamndutlon on refractive l:ha.ngp,

= i, E E i
" presunably through the effects of o 4 1 2

- 'The mext.chapter describes the ycyulation of the present ub.ldy. and,
“tfie data-collected, - Purthet chipters describe the ‘shalysis of this data

“end the incidence and distribution of refrutlan n the study population,; f

Bftex which the’relations betv:en re(rl:tmn and m:comndatlva effnrt,

" a8 méasured by near wark. Wil be hobidezed s







¥ : g - Chapter 11T i ‘ Gl 3

ImDUbTInN 10 THE PRESENT sm‘n\'

Whed the Faculty of- Medicine at Memorial u..mxmy began plmi.ng #

th visit three oomn\ll\il:ies in Hestem Newfoundiadd ‘to uﬂdettnlu a‘com; ..o 4

brehinstve health aurvey, it becins appacent’ that the popuistign in the

sréa met many requireents’of this study. The population was, relatively) .

isolated ‘both demographically and geretically. The. education system had 3
1, - - 3 & N 5
clianged ‘dramatically about 25 years before the study (1974).. From an

' epidentological point of view, ‘the population was ideal for a study of

lhe effecr.a ol near work,’ fmlli-l resemblanc&s. education, and 1e£uure

activities, as:vell as permu11ty churactezisti:s, on refraction ina s

Caucasian yopulat fon. Y P

_Tm'z TUDY POPULATION .-

As Indicated euruer, lhe first se:tlers in the area, .Ynhn and e !

“Mazy, vere the ptogenitnts Sei great | “bulke o the population of x:hg :

'V thiee commnities studled. ' Eighty-five pircent 6F thie, populgtion claim

direct descent fron these two people. The thre¢ communities ‘are located

" on the west coast of the Great Northern Peninéula of Newfoundland: They

are fishing, cmmnnni:iel, that'is, the bulk of emp].ayme.nt has to do wi!h

the flshery, with aamg« farming and ‘mining. There are few aEwndnry
upuym, several smallstores, one "hotel,". nnd the three 1onal -

5 !chools. Tha distance from the first vlll-ga to the Lhi{d is 15 milea,

L with :he second about. halfway between the ma outer Mmluities. lhl:il

1956, the only accéss to the area wis by small boat, and ‘even today, the




3

foad to this’ area 15 not comple:ely gnved

A&:cordins ‘to Census . Canada - (1971), there were: 1190 tesiden:s in the

three villages between the ages 5 and 97 inclusivz. This atudy was

conducted 1n 1974, BO there Ahould have been little l:]mnge 1n the popu-

lation ﬁgu:es.

3 Table 6 indicates the 1971 population for each ity in the:

studied age Tange, and the S examinzd, also gmn as a
percéntage of ‘the 1971 population. .Actually, 971 vere exanined, but as
w1l be discussed presenly, 14 subjects were mot includéd in the data.

Taple 6. ‘Actial population (1971), numhet and
i percentage of ‘subjects for, each

Communiity Population (1971) Number examined m %
lg B z;s. o 224 s‘1_ i
NN c“b 2 " spse Cao o om :
B T aee s U aes ) e i
i ) 1190 A" 957 " 8-

The: méan age:vas 26.7, the median age was 2L:26: 1t L

Table 7 shows the age and sex dlstributiun of the iubjects exam=

" fned, compared to the mimbérs resident in 1971, indicating the rélatively

high completion rate in each age range and for,each sex.
Of the 14 subjects not included in the matn investigation, 11 had
refractions outside + of -6 D. and dre reported separately. Three

subjects with Fight eye amblyopia were éxcluded, as enly data. m— the |
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" the subjects u the ‘second ques re.

43

right eye were analyzed.. Subjacts veve rot-visually selected, ‘that 1s;

all tests were administered whether the subjects had a visual problem.

or mot.’

METHODOLOGY b : S N s,

ALL refractions vere pe by the ‘Lnvestigat Height and

' Veight Were measured by the attending fursirig staff, =nd‘ény pertinent .

pathological. data (other than ocular) Ugre ‘Fecorded by, the physicians
on the, téam as part of a cvmplete m.ynaax examina.llon.

Information recorded Lby the exaninier prior to. the examnaninn

netuad 4 ihether 31nss=s Were worn by the subject, and when available,

the actual prescription; whether subjects’ pareits wore #lakaca, and for
what purpoge, ¢ine spent 't near wark vatehing television, and’favorite
leisure aczivtuem Also re:orud was type ::f illumination at i\ame and < 7, 5
&t work.’ Y N L ’ it b

The examination formiis included as Appendix A. '

Som': months sf:er the ‘study was coupleted, a second questionnaire
(Appendix B) was d&sttibuted to_each suhjact, n order to’check the

Ic(:uracy ef tha durdng. the P 1y h:lf e
& : 2

Observed or’ auapect;d eye paehulnsy was refe:red "to one of the

,physlcimn on the team. Several hypertensive fumu vere recorded, and

a peculiar snlt-pe))per fundus condl:ion was dunnvezed, almost exclu-
uively :unfined to bne family, uhich avaits diagnosis. Cases of stra-
bisaus, . cataract, and pterygium ‘were’ m(erred to an ophthalmologist for

fullou—up o i V

The_miethods of objective and subjective determination of refraction




:are described in Appendix C.

. DATA MANIPULATION. -

EQUIPMENT'

Examination eqiilpment. comprised a Welch-Allyn Halogen ophthalmo-

scope, a welch-Anyn spot zetinoscope, an Amerdcan Optical Ultramatic

. xefractor wointed on & portable stand; a Bausch and Lomb Keratometer

(cltefully calihrated ‘each morning with a 7. 50 i’ steel ball), and a’ T

: Eelf-illummated Snellen chart with a Lancaster aszigﬂmtic dial,

R:ftactions veze ccmverted to vertical ocular teftnctl\m using :lm fe

fomula of Sorsby and Leary (Appendix D):' This method cnnverts all

cy‘llndtical.v(asci matic) tefraction to spherical form at.90° , allowing'. .

the results of the pre: ;u study to be:compared ‘to those of Sorsby et.al,
"(1962) ‘and Young et al (1969), the most recent and pertineat studies of
éopa.muan “dtstribution of refraction. i

" The data vere transferred to coding sheets' and. checked by the -
'1nve:l;ign:nr toelininate ‘po:;sible error by, an untrvalnededer. 1B
cards,. punchied from (t.hg coding ‘slieats by a trained keypuncher were spot-
checkéd with & randon sample of over 100 cards‘selected to eliminate
punching errdrs. These same cards were then checked against the |

original exanination records by :ompazing ‘each card to ite data sheet

* using a master printout of all the cards. Distrihutiona of the vari-

‘ables were checked for extreme mispunched information.

EXAMINATION PROCEDURE LT
In each /,--the Tef vere in & room that

VIB at least 20 feet leng, so/that the Snellan chart could be pllcld at
=




3 b 20 feet from the subject

desl:xihed later, was udminsstered in a separate, roon, ‘with each .!ubjecl

LY cunplete pxxvacy.

“The uumdaxd optomemc exmlim\r.ion cw\sis(ed adst B

1) msmy -~ 1n|:1udi||g

ey iamilial eye disehse or xefrac:ive ‘problen.

v < oy personal éye histuty, 1nc}.udiu; correction (xf wnrn) - o

c) on:ular injuries '

9 e surgery

) pravlnus treatient |

4y o ) schdu and/of rending probidhs, school complatats, etes, 1L

o 25 schnlasr.ic Msmy»—m: g:ade sx:ended, any failures, ete.

n) Hebitual near point. distance. 4 s Eed s %

T2y Eye test:

o L. &) visual ac\lity g eye near and far, vith and vithnut 45 ’
i “correction S e e i |

b) . external exminatinn, iids, l:anjunctivu, etes’

<) ophthalmoscopy S o e B

e @) cover rest, near and fnr. ve}:uxnns and rotatishs

e) lshu\ara colox vl!imx m: SN

-£)" ‘eye and hand éye
using the thumb and foufingnr extended to sight a’ target.

8) stnu\c, non-cyr_laplegic retinoscopy f { !
N v 4 1

*h)" dynamic, non—cy:lnplegir_ Tetinoscopy.

1) keutomeh'y, in high astimat;sn

§) phorias, and ductions i

1%)': subjectivé, fogging method at far and. nears ) S iet I
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The resules of procédures d, £, 1, and § vere not included in-the

data for s stydy.- They are optometric tésts used by the exaniner to

lid in the flnal deteminatinn of thﬂ Xefractlﬂn.
This provided the.data base for the investigation to be reported

in this thesis. Most of the statistical computations vere performed by

“an IBM 370 computer, using the standard SPSS Computer Programmes.

Measures of fanilial resemblance, claborated on in Chapter 6'were
obtained using a battery of prdgrammes developed 'by M. M. Hindmarsh and
)

J. C.'Bear:at the University of Newcastle Upon Tyne, modified for use

at Memorial University of Newfoundland by G. Burke.

Statistical, significance levels are conmservative, with tyo-tailed

tests ‘used throughout.  Only data for right eye is used, because the
reffactions of the two eyes are highly correlated. . If both cyes are
counted, ‘the size of the sample is doubled, and associations inflated
in a misleading minner. The data and the statistical procedures will
be discussed for each investigation. =
- . ' < & \ & &
&mn nts d 3 N )
In'some cases, prublems arose in the gathering of data and infor-

mation. ‘Young males aged 18 to 25 were busy fishing at the time of the

" study, and somé refuséd to. take time off for the procedutes.‘ Possibly

oner-chird Of those men did mot come to the clinic. Relar.:\vely few

“probloms abosk ik to Jack F . ot lack of co on.
Whravaffort sponlion aitiw:persons wmdlly profuchi a pdudzresponssin
the end:* Lack of undérstanding could have %affected some of the EPI
tests, but maximm effort was'made to'aid the subjects without cnuipr;-

mising the value of the data.. The ‘rélatively high completion rate for

this study has been shown (Table 7).




/ .Chapter IV

THE POPULATION DISTRIBUTION OF REFRACTION

Infroduction - L T B

/. There have been many. Studjes on the distribution of refraction in

populations. In the main these studies have involved clinical groups,
but 'studies on military conscripts (Goldschuidc, 1968) ;na school popu—
lations (Hirsch, 1962, 1964) havé also been reported. It s difficult
to compare such studies. In most studies the populations cannot be
tonsidered Teprosentative of the gemeral population, and in some .

instances factors such as age and sex have not been ‘taken fnto account.

In studies of clinical patients (§lataper,” 1950; Morgan, 1973) the sub-

jects were visually selected, and the results cannot’be’ generalized.
.+ - Studies vary in methodology. For instance, in measuring the .
cefraction, some dvestigators have used the Sphthalasscope dlone (hich
can only produce an estinate), some have'used objective retinoseopy,
others have used subjective methods only, and still others have only ~
recorded spectacles habitually worn.  In the earlier studfes, elther the

spherical equivalent. was reported, or refraction in only one meridian -

“vas reported. Some of the.later, more complete studies (Sorsby, 19703

Yoing, 1969) have used. the vertical ocular refraction. In the actial

procedure, some have used “with

different agents being-used in different studies, while some investi-
gators have not used drugs at 'all. In other studies, both methods have

been used.
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o St v vary in interprecation. 1.. sope - studies’, refractivé error
is graded in 0.25 D. steps; and in or.hers, ll\ 0.50 D. or even 1. 00 D.
steps. Myopia has been idcntified as starting at -0.28'D. and in’steps
up to 2 D, while In otfier studies, it is assumed to Be any error over
0:01 D. Some hive srbibnirhiy elintnated Aany-‘em: outside * 5 D., and

othér have used a 6 D.. cut-off.

“Inthe sect(ons to falluw, tl\e methods used in each study vill be

mn;ioned ulienever the information was published. In spite of the great
vuxlution in methodology, it will be seen‘that certain gznzml conclu-

sinns are pnsslble tegarding the distribufion of tef‘actinn in various

Popmuions

Early Studies

"D earliest measures of refraction vere obtained with the ophehals
woscope./ Hith this device, a bean of light is aimed at the back of the
subject?s eye, and.a battery of lenses placed on a.dise that rotates in’
Eront of €he examiner's peepiiole brings thé retina’into foous. The. .
measure of refraction is the pover of the lens which achiavesr’this
focus. “Because'this method of estinating refraction 1s dependent on'the
exuitiar's ouirefraction sid accomodation, the results cannot be

considered reliable. The technique of retinascnpy Sa described in

.
Appendix C; once this nethod be,:m geneul the results. lm:ama more. %, °

3 comistan

‘Because if was considered to be' deleterious, most early studies of
‘féfraction concentrated on prevalence of nyopla. Baldwin (1964) has

revieved the earlier studies and these are sumarized in Table 8.
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From Table-9, i can ‘b déeri tnat although tl\et: were dﬂfetences‘\'

)
in esumaces of inddence, there wad a tendency for" older subjects, and

i
*for those with moré ‘education to e more myopic.. ’l'hzse enrly studigs :

‘p!ovided 2 basis fot " inves(igatcrs to 1mplicate sctiool Horl: in myapia

iR . (Ask, 1925, see also Chapter Z, PP: 9).

Keup€, ‘Jarman, and Coll:u\s (1928) recorged a study Snwhite m\ou e

s éhud:en in Mashington, D.C. Refraction vas recorded in 0. 25 i seepe, o

using the" spher!cal equivalenz, the. examnauons wére conducted wll:h

B a3 Lo cycloplegia. They found in Snbjel:ts aged 6 to ZD. that [hz incid:nte

iof refzactian was “t, S s

* hyperopia ‘88x

emmetropia - .. 5:1%

yopia : e

Two studies. dealing with E-.ye clini¢ patlen:s vere conducted by’

Betoch (1925) and Clarke (1924). - Tie Betsch sty investigated the

records. of 16, onu -putiencs, and ‘recorded 12.55% were myopic. over S ».

T the Clarke study, 5000, patients vere at\.\\ﬂien; and 19%.vere myopic, .1

<o with no.criterion for myopia recorded. " Halton (1961);examimed 1000 *.- . "~/ ]

pll’.ieﬂl:s in‘a home for: the mdsgent with an-age range of 30 to 100..

e, myopic with.0.25 . being the uuemm for- myopin.

B e T T fmmd 25.05% co

‘Sorsby (1960) gxnmad cerds of 1060 ammy recruits who had been

“examined ith cycloplegfe: 'Sevent:

five percent of the suh_‘]ects had EE

refractions between plano (o 000) ‘and +2. UD D.. Nine ‘percent. of tha

soldiers’ had spta of less than -4 o, and 2% vere myupic over —4 D.

N Wixdon (1956) exanined 250 eubje:r.a non»cycloplegxcally, and -recozded

572 hyperqi&, and 27% n\yepin. “with no age range pomd.

The i;\fluence of pxe—salectinn of. ma\:erial is Seen from-the above .

X




of ocular refrscti‘on'in the Danish population. . He summarizes eul{ex'

o, 1962 877, or 9 491 were ‘myopic. . Bxaatnation yag non—cyclaplegln,

o

studies. . Pre~selection.implies. that those,examited have visual.problems

aiq so_sought visual attention. THose o elinical ‘patients (ualénn,

Hetsch, Clarke, Wixson) report ‘a'higher incidence of myopia as compared

to other studies Studies on' complete populatiwns would im:lude many,

persons’ with: no refractivg pmhlms, and incidemlt of. refractxvz erxur

uould be lover. It should. Hagite noted; as will be discussed lsl.er,

of refraction.

that ‘there are 18 in

1buti

(1968) has @ Ly,

Danish stu’dies; Table 9 lisfs the u\ves:xga:oxs material, and dan.,,

Thede, studies: suggest ‘that l:he tneidehicd. of wopta i Denmark is lower

... than in other parts of Euzope and in*the United Statast "Goldachutdt

" comparsd his findings on school children and -amy conseripts wil:h

previous studies (Tschetﬁing‘ 18825 Bjerrun, 1884 Phil:\ysen, 1884) in
“order to'test € vhdcher there had beeh any change dn inciderice of mydpia
over the’ B0 years. separating the. studies. ’

of. 9143 Copenhagen school children born in' 1948, and examined in L

although gome of the children seze exammed. cycleplgg:,cally afar e
‘first exanination where cln\u:nlly desirable. Hote gitls vere myopic =

‘than boys (6.7% to 5. M P <.000). “The 1ncide_nce of myopiaivas' com-

parable to that of aaelter’ stidies (Table 9):

- The records of 3651 military eunscr‘ipts ‘aged 18 to 30 in 195‘4’“’
Treveiled that 531, or 14157 viere myopes - Of these, 337, or 9.2 had -
wmyopia of =1,5 D.’ or over. lecause Tscherning (1882) eonsiderted any. .
refractiye error less than "1, e be emmetrop1a, and used ADY seanh:

to record ‘reffactive. error, he éffectively sta_;-:s his myopia category
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_ Comment.

* Premafure:

i " S £t e

‘at =2 0. Gnldschmidt constdered s ~1.50 D: categury a5 being cnmpar—

' able ito Tacherning's -2 D.. categorys -In comparisis the 9.2%: 1m:1den¢a

(over -1.5 D.) wlth the .37 ncidence of the older study. (over -2.D.),

Goldsctinidt found xio great diff He : concluded that the:
pmvalence of myopta had ot indreased in Denmarkbetwieen the earlier
s:qdies and his own,. an’interval of 80 yéars. He noted, however, that

the. fncidence. of -low Dyopia had- increased, while high'myopla ‘(over -6 D,)

had deéreased from 1.7%-in Tochérning's study to.0.6% 1n Hls own study

(. .001).

The differences in incidence of myopia.in, different occupations
found in theése studies will bé discussed in the. appropriate section, but
these studies. (Goldschnidt end the‘earlier Danishistudies) do point to

n age ond sex difference in reffaction, which will be discussed 1n- the.

sedtion that - Follows.

Agé: Distribution of Refraction

Introduction o o Gy KT ) .

:This section revuua various - o and 1

 atudian desiing vi;h age gif\f,ezenceg;;n refraction. .

It has been ‘generally found that premature children are.more at
A4 For -y opichaide defaite (Fledelius, 1976). Not only did
Fadstiin, vegees EHas preia:uru were more prome to exhibit ophthalmic
*4éfect, he also found that' refractive problems were more prevalsnt in

"these children, with the degree ‘and ‘incidence irversely proportional fo
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. o vl;srr:h‘ wexght', Gleiss and" Pa (1952) fnund nmt 11 of 23 prsmnture )
A e ehildzen had ynpia ‘of p- to -3 D., bt :ha; at the. age: of ‘8-months, k.
s y  Conly four childxen st111:had any myopia,  Castrin (1955) found that
:prm:uras vere :vil:e a5 1ikely to be myopic.as hypewpil:.
= K s

No_studies ‘have been zéported exanining refractive prablems asso-.

ciated with birth unight in ‘mormal children (fuu :em), and, ehis might

G be a fruil:ful area for, research.

Studies in the Neubaxn

. Early’ inveatigalors fobnd®a highi incidence of hypzropia in the

newborr, ‘but’ moxe: xecent investigatlons 1ndicu[e o dstribution of

*“refraction comparable to that ‘in adults. Table 10, presents data from %

several studies nssemblad from Baldwin (1954) and Borish (1970) .

The von. Jaeger study 861y and the Santonasto s:udy (1930 both -

/. récord very high incidence of myopid” (Table 10). ‘ven “Tasger nged _:he -
52 ga it ephthaloscope t6 shetiis e kubeundion and eriine Gab wmass 6 Nash
the-14ds open, which could have ‘altered the findix;gs because, of pressure
on the glnbe, Santlmas:o réported that most of the n\yupes became
o Hiiartinterafcas boes yen'r, a phenomenon also xeported by Hirsch (1953)
" $1ataper studied ‘lintcal paticats; and. beca\ls; his pmcucL 1 .;mnst
éxelustvely contined o strabisnus cases (Which include’mord hypstopes

‘chnn myoyes), his findings should be treated with caution:

N

Cook and Gluscock (1951) examined 1000 eyes in necm:es, using
atropine sulphats i% ofntuent at.4to 6 hour intervals. They found a

lu!ger incidencz of myepl& than hnd been Yepnrted by the ea:lie‘: inves—-

tigators. They xeported that:

ke ~of +l Dito #3 D. 5
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Table 10:-

Some. early studies on the incidence of myopia in
newborn (Ezom Baldin, 19643 Borish, 1970).

.\ Autlmt 5 Date mno.. ° “ﬁuwm K mycpic Z hypernp:ll: % amuopu
ven .r.eggr' 1861 (100 ophthalposcope - 78..% 1. 17 .5
o 5 <l eyes . S :
Koenigstein 1881 -181 cycloplegia ;- - . 0-." .almost all few
* L S P . i “r (sle) (s1c)
: 1881 154 upht]ulmscopa YUY R
‘Schieick 7o ;1882 150 a:roplne D053 (48 D3
Bt . 36 (2-4D.)
5 H (2D o
5 ‘Bjerrun ab ‘63 atropine %% ° <07 577(1.529'D) ‘43
“Horteman..{ 1535 40 atropine 1% 10 Y70 T a0
I3 ' e 1 Ple L %
Hortsman.~ 1885 87, Seropine 227 70 27,50
; cE n ). JGL1'D.)" (avérage 4 D)
; ‘:nemhesu 1892 1918 a;:apxne' 2 140 99,9 o
5 A ‘ eyes .- =6 D) "
Randall * 1885 1534 atropine h‘ 92 e
. Elachntg 1904 i mean retfactton 42 1.
C abae 1925 man mfrnctlon:‘d.ﬁ | A
Santonasto © . 1930 - 480 nan—cyclopleglc 75 vy 0
. , 150"acroping 52 48707 1T
# Slataper 1949 ~" mean refraction+2.32D .. "

Molnaar

Cook ‘& Glasscock 19511000 atropine
T T eyesl. 5

1961

o 28 74.9'

mln nfrlcuon +3.2 l)

* Zero perce.nl:age ame:wpia in. this scudy is due to its derlvl;ion fm o
a Erequam:y dilczibutivn- (Figure 4). b




25 1% were myapu "(from 0.0 to -12 D.), while BB% of ﬂl! myopes-

: ,Kunged Eram ~0.25" DY to =5 D i

: Hirsch (1972) used. the data of Gook and Glasscock (1951) to caleu-

1ate m dtqertbition of refraction In the newborn..He found un‘skew--

| néss, s\.u;h as 15 found in the adult distributions, but even at the

neonate level, there was, some, leytnkurtosis. There' were more:positive

:ef"aczxons than, unumpg expected in a nomal distribution (muu 1.)

In a Study on mbom, Tdsc\mﬂ: (1969) examined 356 children,
i

and Sound Eat 24.2% were myobtc, simtlar to-the prevalence reported by

Cook dnd Classcock (1951) Goldschmidt moted that: previous tavestigators .

had found less ‘wyopld than e had, and sggested séveral possible’ tech-

nical reasons for, this. He cited the use of the ophmalmoscape, which

could in errors. in the es of on based

-on cbserver's o :Lfractlm\, accommodatien nnd bm The use of ‘this

inatrunént alse ‘explains the zerd percentage of emmetropts 1’ the' ehely

‘studies.. Goldschmidt noted that the relative increase in, 1ncidenc= of i

- ‘myopia in the newborn as seen with the retinoscope could be due to
M :

difficulty ‘in Teffacting infants with this instrument. Cycloplegla.

could also alter the Tefractive state. He further suggested that the

sociogconomic composition of the population studied coild influemce

findings, /as refraction has been shown to vary uith socloeconomic”

status in Dennark (Golducl\mldc, 1968). ¢
Pigure 5 um-mm the results of the’ distributton of refraction
gt 12 the Goldsctmtdt. (1969) study.on the nawborn. Skevness 1s |

lbunt. 88 vas found also in. the. Cogl arid c.mseock (1951) study, but

a6 'in that study a peak oceurs in hyperopi
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age 6-8. 210

f . o
age 911 .onsg
5 © age 12+ N1 o 9.5% -

i

Brom and Kronfeld (1929) in a United States study reported the

increase of pmvalenca of myopia in’school as iullmls-

" sge 6-7 Ancidénce of ‘myopia was 14X (P
= * age.829 . it fose to. . - ' 7 7 4.2%
. age blo—u‘ 8  the fnctdence was ~ ¢ 8.5%
" age 1213 o “the inclc{er‘\:e of myopia  9.1% .
. ’ 7 . from’age lA'u{F” 1t vas. & - 9.1,

', » Tassman 11932) zecorded mean spher}cal refuction of 9000-young.
clinical patients and found thsl‘. ‘myopia pr:vslence increased radically
’ in e 5o 10 year age.interval and also ln the 15 to 20 ‘age" group:
" - Myopia and hyperopia tend to stabilize in aduithood. ' This' stabilizatton
. -could be due fo senilb'éhnnge; in one or mare of the oeular. components
with increasing age. i
'Bgldwly (1964). cited ‘the lungir.udlnavl study of Jaeger (1938), who
examined annudlly 350 female and 150 male subjects from age 10 to 16 .in

“the femalo group and from dge 10 to 18 in the pales. The 'gm.ces:

tncrease, in myopia ook place around “the ages ©6:10.t0 12, .28 1d the !

-
i ... - most rapid: changes in siteaseion. T rupidl:y of change lessened at.

Slataper (1950) reported du. chinges. in refraction with age on
35 000 clinical patients. Helreported the total change’in sph:rlell

equtvalent: cyclaplagts atretion fxom bicth to-age 7 vas "+1.617 D. of

b hypgropln. or 0.231 P. per'year. After age 7, there was & shift to
dnta et idias D per year until age 30. From age 31’ to. 64,, Slataper

W age 13 to 15, and fron ‘ages 15 to 18, there vas almoat mo mean changes |




57 61
reported a g;l:{ of +1,362 D. u‘f presbyopic hy}eigpxa, c;r +0.04 D..
annually. - Slataper's subjects were minly strabismic patients, so his’
Tésules should be treatad with sope daution:

McNelll (1955) studied 1066 British school children who-were

referred to a’school élinic and found that the younger age group showed

20% yyopia while the older group. (ages 13-16) showed 40 with the condi~
% 3 g %
tion.” Sixty percent of. those wearing glasses were myopic.

'Coleman (1970) éxamined 3628 school children from kindergarten to .
gradé 6 inclusive using the objective method (retinoscope). _Hé found
that myopia becomes predominant in grade 3 (age 9) and commented:

Myopia begins to appear in grade 2, shovs a Tadical upstrge
' 4n grade '3, and by grade 4 is a major problem. This is
occurring almost a full year earlier than previous studies
indicated.
He ‘also reported more grade repetition amongsé hyberopes and’ astigmats
than. amongst myopes. By ‘grade 6; one-third of the girls and one-quarter
“ of the boys were myopié.

In the Coleman study, criteria for hyperopia were beyond +1.5 D.

and ‘for myopia beyond <0.50 D. Using these limits, the distribution

shiowr in Table 11 resilted: %
2t " Table 11. of froi
CRE grade 6 in 3628 ‘achool hildren, using Sbarical
! equivalent R )
Crade Total % myopia . Boys Girls
K 20.0 158 25.0
17 21.3 20.65 22.0 s
2 20.4 2077 ' 1.6
-3 P 17.89 17,2
4 22.67 25.4
5 26.07 ot WG
6 30.95 25.7 391

‘




; e e
Table 11"11lustiates that in grades kindergarten to g;-.‘d‘e 3, the
incidence of myopia is fairly stable. However in gnde (uge 10—11)
there 15—‘i}decd an’ upsurge. . This :ontinues in the twu 'subsequenl: yenrs,-,

with the girls being more myopic than l:he boys. This will be elaborated

_upon in the appropriate section. & -

In a longitudinal study, Hirsch (1964) examined a group of childres’
in'0jat, Galifornta, ‘at age 6 and agafn at age.l4. -In'the 1964 refrac-

ton, 383"children Temalned of the original 1200 subjects. Bxemlnatlun

was: by retinnscopy, with refraction racsrded in both principal neridians;
using the equivalent sphere. ' Thete wér 92 eyes vith myopia of =050 D.

or more, 69 eyes with hypéropia of +1 D. gr more, and Hirsch selected

100 eyes from the ing; 605 eyes to the 5. He®
found a highly significant relationship between refraction at age 6 and
at age 14, ' ’

If & child was myopic at the sarlier age, he was also myoplc at the
1atG7 age, if he was hyperopic at the earlier age he umned hyperopic,
provided the earlier hyperopia was over +0,50'D. If, on the other hand,

the first’refraction vas between plano and +0.50 D., the child became ;

he‘ dle 1s cast by age 5." Pirsch

nyopic. As.the 1nvestigatar vt 1

concluded :hu the childxen are "at ;;1«“ before eatering lchoul.

This Ojai study il s the di that can be \

in a longitudinal study. Only 32X of the original material reported

back at age 14, which alters the e :ss of the material

, Fledelius (1976) alsd commented that because. differeuc’ gx;:niners were'
used at different stages of the study, including student optometrists,
the accuracy of the'data could be questioned. ~Fledelius aleg notes that

. Hirsch did not consider the'racial and cultural compositfon of ‘the
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material, "and Whether ™ this”remained .the same in both ’ax.mi“acions

Tn

| piterof these: Iugerfeptions; the Hirsch study provides some valuable

Asadght 1m:o the’ changes that take’ placd during. the Sehool yenrs.

Baldwln (1964) reported the. ctidcal period for change to be“{mm

‘age 7 to 1B wherg _the mean clmnga £rom birth' to adulthesd s abuut 2, 50‘ D

©dn the direction of mynpm.

Abaut 15% of, the population shois ‘this -

\trend and :his subApopulation usuauy shws a hypzrupla of +0;75'D. or,

s less at-age 6 musch “1964Y-

“statlar n many especth areiths flndings hiths SQrsby group
R (1933 o on).

Sorsby (1933), studicd patients in nge gl‘oups Eiou 5 ko

15, with a ptuximately 50 subjects in each age e i a5 cach sex.

M +o Cyel aplegia wvas used; Prnm n age 3. to 6, the mean spherfcal gquivalent

refgactions were: "

" S e Cages T 42,650
‘ s L ® o o

_age 42,30 D.

n 5 e
age 50 . % 42.20 .

Ciiviages L 77,8, 7 E

: ma;um;g a ptogtessive chnnge to' more. negsuve mfracuon, evident

“evgn.at agr«.

e . Both Sorsby (1933) and Hirsch (1952) studled non—visually !elzcr_ed

'grnups o, amf&ren. Sozsby uged cynloylegla,ﬂ whitie Hixsck did‘not: The |

‘uinbe? oF subjec:s 1o the Birsch studyins. 10, 000, and h the Sarsb]

stuﬁy was approxmtely 1100, Bul.h studies- indicate a change in mean

tefraction o -more. negagive utuns v um, ang

0 both studies’ eha s,

" girls showed greater changés in mean refnctinn ¥




64 "
L B 671 maled aged 3 to.14, and 761 females aged 3 to'l5. Cyeloplegia was

. used, gyIn boys, the mean refraction changed from +2,33 D. at age 3 to

#0.95 D. at-age 14, 1n'girls, the change was from +2.96 D. at age 3 to
0,64 D. ‘at age 15, Bhts pmddontan. tatin Both sexes, the'refraction

* .- - chauged to more riegative values from age 3 to.14 or 15, and that the
changes were ‘of a greater magnitude in the fenales. 'Sorsby thien excluded
' extreme values from Ris‘data (over 2 D., 43 males and 44 fenales). The
;:nun Vertical refraction {n males becase 42.2h, ‘stage 9 and 4w Senley
+2.7 D.‘at that age.. The ultimate mean réfractions for males and \

- ; fenales were +1.0 D. and w'a‘ D.; respectively. The grc;:et change and

mote myopic refraction in females vas agatn evident (Figure &:
: i ! "In & Foliow-up- st , Sorsby (1961) compared 386  subjects. The

redyction fh pdsitive’ refraction for uales whs 1.4 D., and £or females

. ‘wag 2,3 D., an even greafer spread and rénge than in the original sub

7 Jects. f b
. % q -
P RS 7. .Adult Changés im Refraction ' :

Most authors agree’ that thet 15 very erle change in refraction

+* 'betveen the ages of’ 25 nnd 45, (Slntlvex, 1950; Hir!l:h and Wick; 1960; *
i 1 (1950)" cited earlier, reported that From the age of 8 to 30 mean refracs
o g €

and from age 65 to 87, the unue changes caused a retum to the myopic

range of ~2.367 B For all  8ges,, the mean snouel idecreass !.q hyperopia

=142 D., lnﬂ the neln nnnuzl q\er(ne in myopia was -0.288 D.
" Bizeeh (1960) showed that Miits changs’ to hyperopis from the ‘ages of

45 to 70, and reported. the following data for thange in median refraction.

Stenstrom, 1948). After 45, p'_{eabyopi.l influences refractive error. Slaaper

tion changed a tetal of -3.327'D., From age 31 to 64, 1t changed +1,362 B

{
'

S PR
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g ' " Table 12: .Average median refraction by S year age
erows’ (from Hiirseh, 1950) 2 L
B W N U age R R —
o) 5 T tasdg - . #.18D.
5 o 5 Sesh S T, f 031D / e
d R _55—59 s 40.74. 1. Ll it 8
- 60-64" N +0.84 D, y } :
6569 - BB T R ¥
i 70-74 41,06 D. 3
; ; 7579 . )

¥
This study vas of clinltal pacienta, therefore vlsna].ly :elected,
and ‘the ‘nusber of subjécts was not xepnrted The median’ chianged. from
+0.18_to +1.02, or about 0.9 D., sinilar to the change reported by

Slataper (1950) of.1.00 D. Hirsch réferred fo this as an increase of

and Dike-Eldér (1949). He notes that the rate of change was more rapid’
from age 50 to 55: - ‘After age ss to 70, the hyperopic shift is sloved,

<probably due to senile chagdlb in the media 1..:1..\11:\5 lens changes, or

Copments

Two-trends are clearly seen for changes fn refraction with age.

During the schodl years, population mean and individusl ‘refractions’
. become more ne;a;ive. Depending on the mmn Tefraction, nltmts ,
(fefraction will be minus or plusl Refractive state nonnally reiains

fairly atnb}: untdl about ‘age 40 ‘and then starts a change to Moré posi=

402 D, T ~\

* real hyperopia, or scquired hyperopia as described by Donders (1964),. ©

to lesssened ciliary. muscle activity. Vx Foar




tive values, due to what Hirsch (1960) calls acquired hyperopia.

These trends will be evidént when population’distribution curves

. for re are ined. Mean ‘refr: 1s on the hdnus side Until

.

. ages 40~ 45, and then becones yosltzwe, mcmmng “antil senue changes

reverse thc trend. In some populations, change in populattnn néan
reftaction 16 the middle years is more rapidi, This'ts demnnstral:ed in

a later scerion.

(
She leferences *

In‘the studies ‘revieved earlier, any, sex differences.in distribution

of wukeitiios yats mentioned: . Fenalds: vere:fownd: to be more Ryopic than®
maies. ! :

Cohn(1867) voted an alnost caval, distribiion of reirn::ion for
ither sex. Goldschmiar (195&) on the other hand, nnted that more girls
were myopic than'boys (p <001 p.51). Morgan (1958) also found a

etrong s dif ferabee oy ages 13 and 23 and ‘Coleman "(1970) found girls.

'bacme more myoplc than boys wlth the mean spherical change for boys
" Being -0.04 n. and -0.22 D. for girla Hirsch (1953) studied case

“Focords Gf 2574 nales and 2627 females of all ages.. When all negative

xefraction ‘was considered (from plano to —7.00 D. ), 63.65% of fsmales

L-vere ayeptc, while 57.54% of males were myopic. If only plno to. 5.00 o,

was considerf, the males shoved more myopia; indicating that fgmaies
had more myopia of a higher.degree. Table 13 gives Hirsch's (1953)
f£indings. v ) . iy

Soraby. (1961) also found'a greater prevalence of myopia andog.

" gemales, although in his 1933 stady Beifouad the. mean refraction for .,

".'males o be more myopic at age 13. g % 5




_Table 13, Sex ‘differences’ fn various degrees ‘of myapia

67

(from Nits;;h 1953)
- . men
refraction 't
b n %
myopia - moye than’ -, - i
T 7 027 12 0.46
=6 to ~7.5. . 016 14 0.53
(mote than 6 D. " & > i j :
- et e 1 Tods 260,99,
Y. =5.00 tq 6.00 D. - ¢ “16 0.62 12, 0.6
" 01 ko oS, 0 b 33128 0.99
-3.01 o 26,00 D, 542010 TR
2,01 to ~3.00 D. 120 4.66 .90- .42
- =1.01 to -2.00 219 | 8.51 182 °6.93
-0.01 to ~1.00 640 26.86 [574  21:85
9:00 emd MLl ue snde 1672 * 63,65
' <2574: 100,00 ‘2627 100.00
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Comment 2 s 9
Studies on sex diﬁferences in' refraction are'in general agreemﬁnt

It has

G4xla. atare the. change to negative refraction earlier than boys) -
“‘begn shown by Hechantc (1978)"and qthers, that fensles seek medical and
bealth care more.often than m.‘a'l!s. For thip reason, more females are -
re;re_;e_nted in :uniéarl‘ ‘std'cllv&.s oh sex di‘ffarences\\wizh respect ‘m o
refractiod, and the data could be dffected by this. On the othet hand,
the studies on \msalentﬁ/:cerxal, d.e.’ the school childm, a].sn s

“showed the same séx effeu. !

“f Gengrai;hi_.g: and Ethn

- Asia .\l |
© 74 " There havé bgenlseveral studies on \refractive distribution ‘in Asia.

“The Japanese have long felt the 1m_1dunc“§§f myopia in their coun:}y to

be a serlo:xs problem, Sato (1978). repot [hat Japanese Dptical labur-
ato(iee produce. . njne concave anses b ook convex lens.
- Rasmussen (1936) examined 120,000 Chinese clin&icql patients, and
teported that, in the 25 cities vhere they xesigeé‘,wzz were myopic’ it
. / an’ averagé error-of -3 0., and that myopia s conmpn ouse bl Slpesen
p;asumagly ‘meaning literates and illiteratgs alike.,
N Pértiient Japanese atudies are > revieved in Table 14. It 1sv seen
-\ from Table 14 that ayopta appears to have dicreased from 1911 £ 1970,
with higher degrees of myopia'in the higher school grades, ai s Sl
L Tolder children, “Ihe studles comparing pre and post war data ’ presunably
were meant. to show that during the war, fever. sl’.llden_:s ‘were a'ﬁ sehool,
“and mnere‘mzenyap’ﬁ'uas“.less Freqient, il-uitveas'lr;g as acadentc activity

asll no

ﬁ resumed.. flowever, chinge in-nutrition could have been a facto;
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& . .Table 14. Prevalence of myopia as reported in Japanese ‘studies’

: - = e . >
, ] 5 : 0 Prevalemee - v g
" . a .. Date Year of Study of Myopla . ~ Type of Myopla - .
; 1932 1911¢ | 5% x "l myopid'
i3 > 1932. Caeg . : low myopia ° :

" 19577 1914 " 15% (27,000 séudents)
; t e LUN9AT o 5% high school . e
Fom L : )@ s iy i

* Kitamuta & Haglhard 1070 prevar (11) " (uirecorded) : .
Rt e 7 vipostvar  .26% prini%y gradés . 4 0 B

; Pra ghon wxin, ” 39% Junor ‘high o LY R AR
£ ow e L e 50% sentor high- |

Lo i , A
1967 prewar’(1n) 0% . . ° PN

> ‘wartime . decrease’ .7 .. :
4 e . 5. . (i, o % ; 5
Ly S e postvar + «.70% 1. o B e e




. mention is made in any study-of the class of socicty from which each

sasple vas taken; nor of different peychological atmdsphere during and

i after the -var, While a trend towards lncreased myopia“is shown vith

fime, the ‘causes ‘cannot be deduced.

S8 A ;. % . 7 § a2y

e P >Halaxia ' ) ; DN
: S w clandidn (1972) condunsdd s sgady SE Sefracttve erroxs in West
e Ha.laysh, compatlng 223 Malays ‘to 292 Chinese and 235 South Indians.

5y . ‘e aubjez:ts were: aged fxom 5 to 65, ‘and wexe ,patients in a hespltal

‘clinfc over'a four year period. In cumpatlng ‘his data wi:h Sorsby's

(1957) on Ca.ic.sxans which shoved a refractive peak at plano to +2.D.;

comprising 73 Ax of the subjenta. hz.s Ma].nysians peaked at plano to -2 D.
at 39 5%

By race, the Chim:se showed-a peak at plano at -2, D., 40.3% uf

s 7" gubjects; the Malays at pland to ~2'Di, 39%; and the Tndians showed two .

. peaks ‘in their curve, one at #2 D. and one at - D. .The Hyperopic peak
= : . ]

was-‘at 34.7% and the myopic.peak at 37%.
,India . I A . . &, .
. « . " - t .
Patel et al (1970) examfned 250 babies in India under cycloplegia

. and eported that 624 vere ‘hyperdpes and 127 vere uyupes with a range '

‘ofltnSD‘

Prakash (1971) examined 730 clinical pntienr_s in India up to the
)7 dge of 15." ‘He reported 65.3% hypoiopla and 33.4% myopia. Presusably
o ‘-, - there vere very. few emetropes. Myopia was'thé most prévalent in the.

10, t0"15 year age group. * .




, New Zealand-Polynesia

. # & o
Grosvenor (1970a) compared the refrncl:«ivejxm:»dlst;lbut‘ion ia

. Polynesian and Baxopean children:th New Zealand. Static retinoscopy and

Visual Acuity. tests were dnne on 973 subjects aged 12 o 19 years.' The

refractive errors were tabulated a1 D! intervals: - Table' 15 presents
‘ ke

the findings. g

4

Mean' refractions, standard deviations and

... Table 15. 2
i _ variances in 973, European and Polynesian

children in llaw Zealand (from G!osvenorr v
‘} ; (19708) e
o v =
1 European Polynesian
“nean 40,18 D. +0.22.D; ’
U8B 0. 10020, 0.66 D. :
: 7 : variance . 1.04,D. 0:44.D.

"F test comparing variances significant to 0.01

Table 16 41iust the é of myopia; and
hyperopia. in the two groups.

! K "' rable 16. of the
i R . in 973 European and Polyr nesiln :hildren in :
! 2 New Zealand (from Grosvenor, 1970 )
Buropean ' . . Polynesian
" A n x n %
hyperopia - e " y
S (#750rmore) . Ll 211 36124 .
. ¥ U - s
B " emmetropia o
(.25 to +.50) 437 64,0 J221 " 76
% myopia : . 1
4 . (=50 or over) 102 14.9. .« 33 AV .
T ©0 lesy 10000, T 290 100.00, 1

oy ok '_'.x?r-u..ss;yf.am
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There was a lower frequency of hyperopia in the Polynesians and a
lower frequency of myopia of -1.50 D. or beyond. "
- K . "
Africa
/ Holm (1937) examined 6000 geéprds of ‘black males, aged 18 to 37 in
French. Equatorial 5rica Z‘ﬁ: found only 12 myopia. Scott (1945) reported

i the sen@ findings. in Cambia amongst a school child population.

Olurin (1973) xepogted the retinoscopic refraction of 1150 Nigerian ’
sibjects.  yopia was the mst common extor (58.12),: espectally under ;
theage-of 4. Fron age 41 to 50 Hyperopts accounted for 70.8%. OF the
669 myopes, )

78. 8% had less than 2 D.

16.4% had fron2 to 5 D,

4.8% were myoplc. over 5 D.
v 5 This population was mostly illiterate. These £indings contrast sharply

With the earlder stulies of Holm and Scogt on African subjects.

Cax:mne t = R
The great ditference betvoen Olurin's findings and those of the. two
previous studies is explamed by Olurin (1973) as being due to better

Ecreening ne;)mds in his hospital, and the fact that his material was

elinicll R%cizn:s, visually pre—selected, It must be ‘said ‘that. this

i vmlld not’ explain. all of the axffemce. Some. of the diversity may be

- cultural, or that examtration ‘techniques and. cutrot® potnts. may have

1 been différent iR the ‘earlier studies. Holn (1937) Eound ot Galy a 17
‘fv- < P yopia, but the ence for hyperopia was a very low

% . N .

H 14%, while he cldssified 857 6f subjects as being "normal," without

£ 5 - s

' specifying his refractive eriteria. giurm noted that three studies in .
i X f :

{ : . . |

i ¢ N Mo ]

; : # e
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other parts of Afrjfca. in 1963, 1964, and 1967 showed very similar results '

to his'.owm.

Russia

In. Russia; Maimuloy’ (1971) examined 2034 children ages 5 .to 7 and

reported 3.3% myopic and 6.7% hyperoplc.

Eskimos and Amerinds
Abraham and Volovick (1972) performed non-cycloplegic refractions

on almost 4000 students.in a Navajo school «n the Unitéd States, and

found more myopia than is usual among Caucasians of similar ages. Sixty '

percent of. the myopes had an error of less than =3.00 D. They also
found Bigher wattanating thar’ tn onsdtable Caibastan sanites s tha
difference seemed to dininish with age.

Tn a study on Eskimo children; Yoing (1969) Tecorded 56% myopic

with virtually no'myopla in parents and grandparents.  The study was of
508 volunteer subjects divided Into family units, and both non-cyclo=

plegie and c t were

Young (1970) in a
further report on his Eskimo data noted :hat the Incidence of myopia was
mich higher than in comparable Caucasian or Japanese,studics on sinilar

sanples.

*Boniuk (1973) reported on the eye status of ‘Indians in the Canadian

Afctic, Of 951 clinical patients examined retinoscopically under cyclo—

plegla, nyopia ranging from -1 to -5 D, was the most prevalent efror.

" Myopes tomprised 32.5% of the population studted. In:the 10 to 20 age”

nge, the incidence reeched SOX. She, termed this an "epidemlc of

myopla," suggesting that the recent availability- of schooling ‘could be =

a cause, but also implicated diet. g : e




' ; ) . :
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5 s
Morgan and Munro (1973) studied 2833 Eskimos and 844 Indians in
northern Canada, finding a marked increase of myopis among the young.
They said of the distribution curve: S -

One expects however to find the curve plateauing, n

declining with age. The prevalerice Should not l:hlnge appre-
ciably after age 15 if the condition ‘is’ cﬁronxc, non-fatal;
and trreversible!

Cass (1973). faund that duriug l!'er 10 years in'the Cmdlun. far

North  there was a. changing incidence of myopia by settlement and group.,

.= .. She"gives the following data in Table 17: ”
‘ " Table 17. Percentage of myopia by settlenent, growp: 3
FEE L *" 1958, 1970 (from Cass, 1973) * :
. T "
1958 1970,
‘Mskimos Tuktoyaktuk. 22 TR
= Spence Bay g © am
" Indians Good Hape - L2 - 6.71

Yo g . ) old crow . © . 0.81 8.7

Nusber of subjects are not, given in her réport. Table 18 presents the

L changing incidence of myopia in some schools.

Table 18, The changing incidence of myopia of students ia
. ... Akaitch Hall, Yellowknife,,trade school for
older children who have 1ived for many years in

. i [¢+ + residential schools(from Casd, 1973) * ., ¢ *
e ] Lod ™ o 1958 1970 e
: I ekt Eskinos . o 6uSE 3 65% %

Jnddans oo 1337 *65.7%
; CdMedts - anan’ T ose.st

~ 7 ‘*The author did not specify cutoff values for myopia:

i
|




< Cass speculated the, change in diet from high protem/m} fat/salr/

carbohydrate to low ptot:ein/high fﬂt/carhohyd:nte/snlx. might cause lhese

increases. s g . - Tt
In . a study on 4018 Anmrl.ndx in. [he Canadian/Narth, Woodm!f and

Sauek- (1977) rcported a in v ai n betveen .,

those under 30 and. those over 30, The fopulation was, drawh in pan fron

I:he\snme area as that studied by ')hrgan (l913) The mean refructian for-,

the. total yapuluuan was ~0.49 D., for fenales -0.57, Dy and for. males |

~0.37 D. In comyarlng :heir Findings vith those.of Norgan (1973)
(Figute 7), they found the poak in Morgan's distribution. tobe at -age

20 and to be such higher than'the peak fn thetr study at age 1.

Hnndruff explains tMs by virtue of the fact that part of hlu populutlnn .

was nnn—visu-ully selected, while Hargan /g%terhl was' all cl!nical

only. Reﬁ’nctions uere‘ repurted in splmdcal cquivalzm’.s. These
subjects cnmptlsed 98 of the locnl population.. The dlsttﬂwtlnn of

refraction showed the typical non»c.gussim curve’ and was skeied to the

.minus side nmnng subjects over 40 yeaxs. The ‘women were found to be

7
more hyperdpic th-n men. Si;_vexcent nf the males and 4% of the females

were myopic over -2 Iy whne for any degree of myopia. 40.3% of the,
males and Bz of the, females “vere  myopic, hzdlcnti'ng ‘more myopia. in

males in this populauon ﬂmn 4n females. In the 15 to. 19 ye-r age

groups, 287 vere myopic,. putullelling Moxgnn s ﬁndingl. Howevez,

Alsbiﬂc found the paxcenl:uge of \nyopia’acrpas all age groups'to be_ .

fauly ununm, in contrast-.to Young- (1969} and }iorgan (1973);
|
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Coment i o

. A11 but pne of the ymceding studies on Eskims and Amerinds -
reported a dramatic increase xn myopia 1 one generation. The vntieus
investigators offer geveral explanations for this "epidemic of myopia."
"Near vork causality is.espoused by Young and his associates, Cass impli-

cates diet: Morgan and Boniuk have suggested rhat schooling and near

B wo!k could be the cause, while Woodruff et él discount near work and

‘ sugges; dtec and febrile disease as possible,caises.. A study of a
Caugasian popula:xon ‘Chak AT bes eipoben K Btk ler environmental
changes would clearly be helpful in interpreting this change. . Findings

of the present study,’ describel’in the next section, can be compared to

u a1

re ve and to the findings of Alsbirk

(1978).

Refraétion in Jews

L Barly studies by’ Nicatl (1879), Stephenson (1919), and Gal’l\ls

(1922) reported myopia to be more-prevalent in.Jewish chllrlten nnd
adults, conpared to non-Jews. Kantor (1933) found in comparing 365.

Russian Jews to 374 White Rus!laﬁs from Minsk that amoog compositors,

22,87 of the Jews were' myopic, while anong non-Jewish compns;ll:ors 6.12°
vere myopic. In ofher ocoupations, the previlence of myupia in Jews was
14.75% and 4.93% among non-Jevs:

The most extensive: mdm on this point are thosz of Sorsby (1928,

1933). In the 5 to9 year age group, for 170 Jewish ehildred, compared

£0°315 non-Jewlsh, the percentage nyople vas 9.1% for Jews, ‘and 10,22

i



Evidently, the 10 to 14 year age group showed more myopia in the Jewish
cﬁildrex:. In his 1933 study on 1659 Jewish males compared to' 600 mon=
9. Jewich males, he found myopia fn %3.2% of Jews, and 21.7% of mon-ews.
P " The age range in this study vas also 5 to 14. i
Sorsby (1940) réported on'a study of 672 wnselected non-Jews and
Y 72 Jdus aged 4 ta'8, “Atropine was ufed in refractiod. . He noted that
| ; on_school ;e;vxng the myopia is éonl;lg in Jews compared to the mon-Jews.

jAa he no:‘ed, the curve for Jewish children is decidedly: flatter,

i.e. "the modd of, ‘tion’is on a lowet level, ‘and the

‘whole curve is shifted.to the myopic side."

Woodruff and Schididt (1976) reported on the prevalence of refrac-
0, / . . "
tive ercor in 633 pre-schoolers in Outarin, which included 92 Jewish . /

children. The age Tange for all children was'Z% to 6. The mean refrdc-

_tion of the group of Jewish children was +0.42 D., compared to

2. "40.51 D, for the non-Jewish children: Using the Student ¢ test, the -

diffdrence was significant at p < o'.oo_col.v

»

.. Comment

. - Wi o
The studieg on refracgiop in Jews do not attempt to accoust for the
difference 1n distribubion comparéd to non-Jews, ~The eiplénation coulj~

be cultural, i.e. environmental, or genetic.

i

; : .

| It 1s also to bé noted that the:studies on thé' Jews were dome on

% fbkenozd. (Bastern Bsropesn) Jews, and that.to stedies have been Teported
: % s of the dlstribution of refraction in Saphardi (African and Middle

} Bastern) Jews. Because of the ‘ispersion of the Jews that has' taken

3 e ) lace over the past. 2000 years, the Jews camnot.be considered Yo e o

‘ .

AL
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. x /
race, so racialiexplanations for.differences in refraction.in Jews must

be treated with caution . : T w § wers Uy
i s

Discussion .
Studies. fn.Indta, Nelaysia, Nev Zealand,"and Africa show varying

t}is:rlbutions of refraction in dlfferenc grmlps, I:\\: ‘are not informative

on possible causes-for, these av £ Cultural f cmnl.d
account for the results, Loehlin, Li_ndzey, and spuhler (1975) note -that .
visual acuity tests have high reliability, but can be biased against.

. _certain; peoples. In a subjective eye test, the subject's refraction is

validated and refined by his' ability to read a cértain liné on a’Snellen .

char‘t 20 feet avay. 1€ 'the' subject comes from a  culture’ that spends
Aedte. tine discemng objects at that cummce, there may bé a blas in.
‘neasuring his- reffiction. - This renders intérpretation of geognpucn
and ethaic variation diffieic, The results for'the Alaskan Eskino and
Canadian, Northern pedples are informative. They indicate a sudden-
nppearam:e of myopia in.one generation in areas that had little ‘nyopia
previously. The next section will offer soueeriaSnestel the mpo::ance
of hear work 1h yefraction. \The data, presented night: also aid m inter~

preting the Japnneaa studles that .sxocinne myopla with more: educaticm.

3.
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2 " PERSONAL INVESTIGATION T s i
E THE ‘INCIDENGE AND DISTRIBUTION OF REFRACTION N

4

Adlis of ‘the Study 7 : 5

The aius of this investigation were.to'agstestfiin the distribution — \ ¢

¥ oF the: méagurel ot 1 40 the study lation, and to dne S
U5 " ¢he fnfluencé of age and.sex.” These descriptive l:'hm'nutaristl:a pemxt
. comparison with investigations reported in other populations and provide
g i " a basis for determining the- amount and degree of myopla detec:ed, and

-the extent to which the need for corrections- have been met.

- Method" e
- The xav-data mm the conputer £1le vere the measuros of refraction,

and the :ecutded age and sex.  The broduct momént correlation coefficlent -

i . and the S of ction and cross tabiilatfons wizh
s age md sex were cbtaired by using SPSS programes. )
In stuiles on the. distribution of xefracmn, &ibitraiy vilues have

generally been selected to categorize refraction, the'cut-off for wyapi.n.
ranging fron ~0,01 D. to ~2,00 D. Refraction is treated as’a canun»

= # uous vaziable 1n this present study and nrbitrary ual’.egorizatlan is
. gensrally avoided, Where required for graphical.and statistical compar-
ison with previous st\ld;les, Iny minus refractlen is taken to comprlae‘

#ae myopia.and any positive b ia. This di 2W. . 2

‘arbitrary afid i of course mot based on clinical relevance.” .- "
\Correlation Bétveen lugh: and Left Eye Meuures 3

As A‘ﬁrnt-uev, the product mment cot(elation coefficient was.
GaRa ey > v %

calculated between the vertical refraction measures for right and for

left eyes. This ylelded a value of r = 0,93578 (p < 0,00001), deroting




£ L
S .
a3l
% St perfect hnthespandence béw*egd the w0 measiures. © On’thts - v
lsls, it was decided that \furth:r analysis buld be carried out using
PR e vereical teftactinn (pubject1vs) for xight eye only (designm:'ed :
- 3 ’[

5 RVERT dn tables): By using this single sessure, it ‘vad possible’ to

. . " count- “subjects only rather :Ilan eyes.” 2

The Distribution of in the Populati e .

P In Figure 9, .the disttlbucinn of refraction values in the ucudy

popular_inn 1s shovn eraphically: TS curve peaks betwéen plano and

! . +o.75 D. and lacks symmetry ifl that it appears to contain a\‘pzapandarance

. of negutive values. To test the extent to which it conforms to the

] sormal d!.sttlbution, expected vilues were caleulared by expanainn o the
theogetical binomial dlstribution and compared by chx—squne to ‘the”

observed values as'in Tnble 19. A .

& ot . ¥ % 45 ¥
-, ‘mm' 19, - Fit of population dismhuuon oi refraction to.
. E ‘nornal  distribution ; N

’ ' L M6 . E 5 TR RS

! ‘ ' .no: observed~ 14 - 58 198 344 225 789 [ 29

n:. expected . 14.9 . 87.3 235.4 . 281.8 235.4  87.3. 1&.5

" chi square = 41.16 (v < 00013 - fof 6 _desrees of fxe'edém‘

This med that the distribution,vas sigpificantly, differant -
£rom normal and; fron tnspection;, it shaws more than expected numbegs
e mcenns »lano, to 40.75 D. (lepcok\lrtosls) and 4 to =6 D. (nega-

tive nkew) These deviations from \'.he normal dlatribution in the d.i.s-

* trtbution: of refraction have been réported by Satp (1957) ‘and by nirsch

: (1962) and were discuseed prevlaus].y. T g B
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‘Percentage distribution of refraction '
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Figure 9.
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Table 20 stiows - the mean- righr. verun:al refractions measured'in
vatich age gmups and the percennage ‘ot mydpia uncu:rmg a: these ages.
Fax age interval 5- 9. the néan refraction”ia40.62 D, and by’ age
15- 19, the exc:me negstive value is. reached (~0.924 D.).' After age.
19, hh mean refraction begins to shif:«towards hyperopia. After age:

65-59, the z:frnction becomes erratic, probably due to bath senile

changes in ‘the eve, and.the very lov numbet of subjects xairnctcd. The

single ‘subject, Aged 97, had a refraction of -1.95 D. due to senile

utaracL Slataper- (1950). has also noted ‘that Iefruntinn in the older

age Eroups becones less Hyperopic or more ayopic.

i

. Figure 10 depicts the! sane data in graphic fom and illustrates the .

npm‘ shift in the mesn refraction aftdr age 15-19.

x: "o of interest that the transition palnt at which' the population
PEC S R e N positive corzesponds appruximar.ely to’ age 30.
" mits lis an unaxpem:ed finding which will be ‘exanined su‘hsequen:ly in :

more detail.

Sex Ditfererces with Age PR . i ¢

2 ‘Tabla 21 and Figure 11 présent the distribution by age of ‘e’
xefrac:ion melsured fa: the 438 males in this study. In the );u}ruiges:
age group, l:he mean refra:r.lon is 40,635 D., and the lowest m;an value

is mached in the 20-24 age greup The reErnntive,‘disltLbutlun then

benomea sore hyperopic, reaching 1ts maxims at -age 65-69, at +1.417 D. -

) The highesr. frequgncy of myopia is in the x5—19 age group -(50%).

Table ZZ and Figure 12 present the data for the age distribution

of refraction in the 519 females. In the youngest age® group the mean
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. ‘Table 21.° Distribution bfi_refracéson males (ri=438)

Age group - RVERT D no. myopes- % wyopes
see o 10 10,63 0,681 15 13;76':
10-14 76 So.0r L 28 6,80
15-18 38 -0.313 0.975 RtH 6%
20-24 18 0,366 1375 7 36.88
25-29 3 20,024, 1.690 T 20,557
’3‘0—34 20 +0.203 ﬂ:JEJ LB g 1'25.0
35-39 2. diosy 1.198 o | 36136
40-44° 25 +0.069 1.429 5 20.0°
45-49 27 0,525 1.363 e 19.04
50-54 RS | 4068 1006 4 14,28
55-59 40.75 0:508 tng 0.0
60-64 +0.617 —‘n.zgu 2 13.33
65-69 6 e 0:516 50 0.0
7Q—‘7’k 5 o 4138 1.865 < [ '
75-79 7 4. 0.707 T
80-84 o oo 0.0 ) 0.0
85-59. 1. .70.0 0.0 0 i 0.0
wor ARe L L s

438 108

‘»4‘11
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w69 1 -0.351 45 65:22 i\
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refraction is +0.60 D., and the lovest value 45 found in the 15-19. age.

group (-1.236°D.). The percentage of myopia in\the 15-19 age group is
71,427, almost 50% more Ehan in the males.- The lpaxisum hyperopic )
fefraction is +2.34.D., Teached at sge 60-64.
Whenthe findings for males and females are mpared, the mean.
refraction scorés fox females (~0.0703, 5D = 1.48) \as significantly
‘lwei than the mealf for malet (0.2805, SD°= 1.015) (¢t 37, p_<0.001).
It can be seen that' the females in this Pnpulatlm\ ‘have a more negative
mean refraction.than males in the younger age groups, and & more pésitive
refraction than males above ages 35-39," With the exception of agé
rang\es 50-54 and: 55-59, the standard deviatim\ of I’_l‘u: x"i:[ractian .
measures 1n femules is greater:for each gmup than that Eor males’,
reilccn\\g the tzndency foi' the ‘range af SsAEY i o A pe

tions ‘to be greater in females than in males. . Also the extreme of

negative mean refraction-is reached earlier in females (15-19 years)
than in males (20-24). L% r
Similar results have been reported by Sorsby et al (1961, Hirsch

(1952) Young"(1969), and others, and are usually att:Tbuted to earller

* physical’and psychological maturation in females compared to males.-,
“ Coldschmidt (1968) poimted out that the differences in refractive dis-
“tribution befieen males and females have usually been shown only in

', children's tudies, ind rarely or never in adult studies. . He therefore .

quéstioned whether there was'a difference in refractive status by sex.
1In ‘the present material in those over 30 years of age the differences
between ‘the séxes in the ‘peréentages considered to bé myopic (17%, for

. g
males and 19% for females) are marginal. G5 g




" Comparison with Other Stadies’ ~ , - &

The data for incidence and distrfbution of refraction in the popu-

lation studied shows the typical leptokurtosis and skewed curve reported

by otlisr {nveatigators. The sgeimd sex differences found ‘in other

s:ddxes are also seen in this population, However the change in mean '
"refraction from negative to o1t Ve GATHES, A abOut AREIE0 'was ungxpec-
ted and has been reported by Young (1969), Horgan and Mgro (1973), and ’
Bortakk (1973), 47 the éslums. ) i »
once a pcrson becomes ‘myopic, he retains that refraction throu_ghnut
1S Life (uith rare exceptions) until his refraction chnges to more

positive values at about age 45 to 50. Thus, a distribution curve would’

show the mean refraction changing to- the'positive area in the graph'at
about age 45, and not at age 30 as seen in the présent study. A"

search. of the literature has revealed only. one study that providés data

- for mean refraceion across all age groups (Young, 1969). It is therefore

difficult to compare the distribution curve found in the present study
with any other tudy. To overcome: this, data weié computed from two
studies ‘to provide a basis for comparison with the present findings. The
present material is substantially larger than that reportéd by Young (1969)
and Alsbirk (1978), and these studies and the present study are not éam‘pxes
but approach total population ntudies. The HEW study is a carefully cogs:-
mcted sample representative of the US population. Statistical sam{‘\}
1isons were therefore avoided in favor qf simple d_!scrlption!.
- i -
. ) L
The United States (HEW) Study (1978). 'The United States Department

of Health, tion and Welfare data from a coimprel ;

survey of refractive status and other ocular paremeters, in-a sample of
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9253 au\agec:s, representative of the popuucion O the United States. 'ﬂ‘ bk
The age rarge wfs comparable to that of the present study, ¥iz. 4-T4. . i
Tabte 13%¢ this report presents data ghqwing the percentage and types" X @
it 3

Fid 1 A 4
of lenses korn by the, population, in; gquival:n: Rpheres. A fotal of

{ 52.4% of ‘the ynpulutinn was"UBaring glasses, * The study also reported -

that 215% of #hie population Reviea corxel:tion, and could achieve maximm

|

vlslon (20/20) if proper dorracton vas “provided. “This data was treated

. in the manner described below to-allow cumy:\xiscn with the findings of '’

»z'he present atudy. " SR
The United sgates study 1listed, by age., gmups, \'.he percentage of
lenses worn in each category ‘of minus and plus ‘Lenses, and 4lss in-plano
lendes. Thib percentage vas multiplied by the dtoprris valie, aidithin L
prodices sumed and divided by 100 to pive. the’ Srrection 1n éach eroup: T

f This value'is naued X: Because 52,47 of the pwpnlatiml wo:e.glasses,

i and becanse 21.5% of tha population” .;;mld achieve maximm visioneif they

had glasses, the mean ‘refraction for cach dge group was calculated to .
2, be .524X+ .215X.. . M i
This caleulation assunes that the atseribution of correction 8

required tn a1, SZ'0f the population needing glasses vas the same.as

4 that for persona vearing gleases. The validity Of this assumption
depends on the reasons why persons in the United States do mot have
glasses. i beteaiivesesiine din probably more-likely to be l
carrected, regardless of personal cost. The distribution of uncorrected
refractions might therefore be less extreme than that of corrected
refyactions, bit fiis should not séitously affect eitinstes of mean - 2

. A\
In the United Statés study it was found that équal numbers-of plus |

3
T B . !
- refractive error. g s p f/
|
{
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A i 3 i
and ‘minus lenses were worn. The percentage of persons with minus cor=
rections was reported to increase with'age from 30.2%-at. age 4 to’S, to

" a maxinun of 87.2% at age 12 to 17, then to decresse to include 15.7%

of those aged 65 to 7h. These values are bassd on the powers of lenses
being woin. From this, the proportion of myopes'in the rotal population
Was derivéa nsing the “logic above, and-is presented in graphxcnl form

below (Figure m

"The Alsbirk Study (1979). In his study on West Greenland Eskimos

(cited earlier), Alsbirk examined 222 adult fale and 261 'adult female

subjects, aged 15 years and-up, and reported the mean spherical equiva-

lent refraction by.decade.. His data were converted to show meah refrac-

“tion for the total popilation by decade.

of Fitidings £rom the Four Studies

Figure 13 {llustratés the distribution curve of mean refraction 1?
e Unieed Scatea “(HE) atudy (1978); Young's 1969 study, Alsbirk's 197l9

study, and the present investigation. = | -w--

e WwiL) be aden. that. 43 both the United States stndy and the ‘Alsbirk
study, r.he disttihutlon curve becames pesidva amd stays positive after
age 44, Vhile fn the Young study and 4n che present study, the meah i
refraction becones positive at an eazuer age, viz. age 30. 3

Figure 14 fllustrates the pzrnel\tage of myop25 in different agé
groups in' the four studies, It can b ‘seen’ that the findings of the
present stidy resemble Young's results much more than Alsbirk's, and
those reported in the United States study. * The distributions of
Tefraction in the Young study and.the present study indicate’a great

in refs before age 25 to 30 and after this

R R e
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it \-) age, while Alsbirk's findings indicate a fairly stable distribution of

refraction over all. ages, " The Unl(ed States §tudy indicatés that r.he

Pexcéntage of myopes is greater before g Ls, and 1s'mote uniform ntil
(i at' Teast that age., ‘ ) '
Evidently, there is some factor or factors opérative in’the popu-

lation in ihils study, and in Young's population that might explain these

differgnces, and this will be discussed Fureher fu Chapler 5. on near. 4
o - : » = B T i
. Comments : - o 1

. ‘The distribution of refraction in the study population resembles

that demonstrated ‘in most early studies, being'leptokurtotic, and skewed

to the minus side. The females exhibit the.tendency to'megative réfrac- .
tions earlier and to a greater degree'than males, but in the older
groups exhibit higher positive mean refraction than males.

Compared to the sample of -the United States (HEW) study (1978), and

- Msbirk's (1979) Greenlamd Eekino popilation, the population studied.

/shnued A more rapid change towards positive re{raction, with the change ¥
occuriing At about:.age 30, rather.than over the ages-of 45 to 50. In

Young's (1959) Alaskan Eskino study, there.is a urge of negative' refrac-’

i

tion up to about age 25 to 30, end thena rapid change in mean refxncl:ion

towards mare poumve © less negative) vatued in Alsbirk's pupulattm\,

the mean refracdan as in fnct fairly uniforn: across all age group:

Previous studiks (Hirsl:h. 1952) Have demonstrated shift tovards
less negative refr: sctions, or pore positiVe refractions, due to acquired

hypempin, which usually manifests iteelf at-age 45-to 55 (Slataper, g

i MHrsch, 1952).  This was shown in both the United States (HEW)

N
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studys and |ehe AMsbirk (1379) study: s
. lnnrbl;ezﬁtit;n of the differences’among studies in refractive
i

distribution by age is deferred to Chapter 5, on mear work.
i E: > P

\\ PREVALENCE OF REFRACTIVE CORRECTIONS

G -
Data were collected regarding the number -of subjects that had spec—

tacles, :hose dsat did rioty and thuse who had had corrections

at one, time, ‘but d1d not wear glagses at the time'of the §tug

;y* Table 23 lpredents this information broken dowm by age group and

. BeX. '

It can he seen’that more females vear copkections than males in
all age srcups,‘ 50% vs. zzzz. Eighty-six percent of the fem’qleg but only
o, 45%-0f the mAle‘ls over age 45 i corrections, the majority of ‘these
’ "corrections are posi::ve,len;aga. Seventy percent of males have never
worn glasses, while 39% of ‘the feiales have never had glasses:

Table 24 présents the proportion G pEapns oL VeAELNg e EEeELGHs
vho had myopla of =1 D. or Bore at exintnation. A -1 D.’ error is equi-
valent to a visal aculty of zo/so or less (Duke-Elder, 1970), /-

Table 25 presents the pmpcxuun,of persons riot wearing, :or’iecc'xonu
uha tad hyperopia of +1 D. or more, and those who are uncntrected. A+ D

" error would present a qubjac: with difficulty in rendlng. D\l'krBldar

‘(1970) has pointed out that uncorrected errors of hyperopia in ‘young
persons can cause eye straln, over-accommodation, and sometimes ambly-
opiai Borish (1970) noted that errors of as little as +0.75 D. should

be corrected for school children.




Table 23. Number and percentage of subjects that pow vear
glacses, never wore glasses, wore glassés at

. one time; by age group, and sex

have Rx never had Rx had Rx at one.time .
Age - < Total,
n % o n 3 -
5-15 25 Ll 156 .84 4 .02 185
15-30 1516 6 10 13 . "o
30-45 1% .21 45 67 8 67
5t 427 s W g 9%
all ages © 96 .22 305 :70, 37 .08 438
_have Rx never had Re  had Bt one ting
Age - Total
n % o % n % Lo
‘515 32 .21 16 .75 700 04 1%5
' J15-300 96 54 55 -.31 26 .15/ 1.
30-45 50 .56 % 27 90
s a3 6.7 .06 o7
-all.ages 261 . .50 201 .39 57 1 519
Total population .37 sy 10 . s




Table 24. °

Percentage of those with myopia and with uncone::ed

myopia of 1. D. or moTs
not. vearing corrections

e by age and sex, ‘and’ th

. - Males
o eyt 5 no. not ! 2 'not_wearing
Age n g Bndies % wearing - % - glasses of-
2, gr.mare slasses total -1'D or more
5-15 185 w: 6.0 3.3
15-30 92 10 11.0 1 y 10.0
30-45 67 1 ST, -1 1.0 20.0
45+ \ 94 4 \ 4.9 1 1.0 25.0
all ages’ " " 438 a7 7 1.6, 2.6
! s o -
Fenalds f
: ) . B noi not 7.nog vearing
Age g myopic % wearing % glasses of
5. ! or more : glasses totat -1 D ox more
515 155 27 . 140 9 . .60 2.8
, 15-30 1w 68 138.0 JURREY X S (%
30-45 L0, o s 17.0 6 .10 40.0
L 97 6 60 ' 1. Lo 16.7
all ages 519, 21.2 26 5.0 23.6




Tgble 25. Percentage.of those with hyperopia and with

uncorrected hyperopia of +1'D. or,more, by’ 4
age and ‘sex, and those uncorrected §
; . i
‘Males é
K v . ot "Z not i: : H
- : no. . nof Z not_wearing f
hge n I WROTOME et glasses of ; ]
. * ¥ glasses total +1 D-or more i
;i - - - - i
e 5-15 185 52 B2 25 790 1
£ k A . i {
i 15-30 92 e L5 s By 5 60, {
30-45. .67 8 iz ™ 10 88 |
BN s+ 94, 31 tae s e 8 2 T
i< .o oall ages 438 g6 - B2 2 e 75 .
. £ . S % |
i 5 N Females L !
k) o ot <~ % not, wearing
Sn I;'nhyze;‘;‘:ic‘ % wearing %' ' . glasses of
i ' glasses  .total 1 D or fore i
155 © 42 Yyt 3 20 B 3 \
% ¢ ’ 2 |
177 15 8 2 1 13
90 13 1% 1 1 8
97 50 52 2 2 s
519 120 23 E R e | SN




. ; Table 24 indicates that the fenales are’more myopic than the males,

—-as. shown’ earlier. The percentage of myopes: -uncortected is highzr in'the.,

females,  except 1q he oldest age gﬁpp n was ahmm in 'mue 23 that’
in the total population, and for all mfrulive errors, the females -
f H , A

corrected their refractive erfors more often than the malés. Insthose: " -l f *

ubo-are myopic by -1 D.'or more, the males and females show uppxoxlma:ely

tie same percentage of wicorrected errors. Hauever, by agegroups, the

females under 45 are not corrected as often as.-the mnles. In the . E .

youtgest age' group (5-15), 33.3% of the males, and 42.8% of the females
are’not vearing glassés. P E e : S

Table 25: reveals that more mdles than females are uncntreu:ted hype

opes in all dge |groups:. -The hyperope can haveyery good visual ‘acuity

at’ distance without correction,”but needd’ cotrection for rear. vision. R

- . | SR <

The males aré, predominantly outdoor peoplé in this area, fishprmen, " Ry
=i E dwiy AN . Sl : L
H 't farmers, etc. The females spénd their time indoors,; with housework; - . i

sewing, etc. 'It.is therefore not surprising that females wenz"hypempic:

correctiéus much more often than males. In the youngest age srow, 901‘ e

) | of fhe males and 747 of the females are uncorrected.
Tablie 26 gresents data of thoae inall age groups who are cnrzectgd

fox-syopta and hyperdpla, by sex, ‘andthe percentage for each age ‘growp. 1y

- It can be seen that females weir-glasses }qre,omn than ‘males when

they have ametrppias, An'average.of 52.2% of myopic females:are - ..

ocl:\lrzing in those over age 15.. Among the hyperopes 56.3% of females®

cowpa.xed to only 19.1% of males are cofrected. A likely explanation £g

this has been indicated nbw:.
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1 105:%.
a5 i ¥ \/‘l'nble 27 pxescn:s data, conpar tng tie percentage of thnse vearing ”
gt g A peaaE study with the United States (mzw) study. )
Table 27. “Proportion of z:husz Nearlng conecilons for myopia :
i “.". or hyperopia in the presént’ study, and in ehe - o
5 ' ‘United States (HEW) 1978 study i
v L Present study ~ -° - Unitéd States study 2y
Age e § : s
,- myopes hyperapes’ myopes hyperopes *
515 58.5% L - 40,01 5L5% C L 45.5% 6-11
B3 : - SR 7T S T 12417
. . 15-30 76.6% 20.42 - 84,87 12.8% S 1824
e . ! : 77.6% J19.5% - 25-34
3044 . - 3307 o312 gz 29.7% 35-44 i
S . Lt 40,07 54.97 4S54 i
45+, > 1847 80.0% “i19.87 76.6% 55-64

15.7% 81.5% - 65-74

Tn the Américan study, myopic corrections arg‘qu iron': 40 to.87.1%

W to age 45, whereas in the present study, the most luyapi.c éorrections

- * are worn in thase under 30 (58 S to 76.6 ) -

PR _Coments £ ’ R 1,

The United States tmzw) 1978 study teported that 48.1% of spectacles
" yorn ‘weie aoncave, ‘and 48.3% were convex, With 3.4%:plino. In this

i study, “44% vere concave, 50% were convex, and.7% were plano. - The dfstri-

buttShe in the to studies are very similar. Availability of cire influ="

enced the ol:her major’ finding, that, 51-,6% of the American pwpuuzion wore

. ‘glasses vhile ‘only 37% of this populu;on,were corrected. Ty the present
investigation females outnumbeted males dpong persons corrected for

smetfopia. In the Unifed States population, use of concave lenses is.
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faiily constant until about -age 45, vhile in'this poyulstlnn, most

concave ‘Lenses ‘are worn by those under. 30.

The most compelling fifding in.the present investigation is the

hidden moRyidity’ particularly among the young, with fiportant public

health implications., In tiie young school age years, a very high propor-.
C -

"tion of myopes and an.even higher proportion of hyperopes ave liéocrastads
Even given the conservative cut-off levels chosen (-1 P- ar‘\rl +1p.) ,’:he
proportions aré high. If schoolf wprk becomes disagreeable because of
uncorrected poor vgs’vion, the 1ikelihood of ‘the child dxopping ‘out of
school 45 Increased, with all the consequent personal Toss this entails.

The proportion of uncorrected adults -is serious as well. Many.of the

adults drive cars and trucks, sometimes at night, and poor visfon in fhis
and other tasks is a hazard:




* Chapter V
NEAR WORK AND. REFRACTION
Introduction e
Gohn, (1867) was piobably the first to theorize that excessive near
ok Fivadsayspd i teiehoued ‘st theitnitdencasih neocts 0ol 1

direct proportion to the amount’of schidoling of ‘the subject, and that

myopia seemed to.first appear after two or threé years in school.” From  C

these observations;:he deduced ‘that school work (i.e. near work) caused

;myopta, nd called chis Mschoo myépia." s work was influenital. in
. bringing about improved hygine and iighting th the’schéols of Eudpe..
Ask_ (1925) reported that improved conditions of hygieme’and lighting
reduced ‘the inude'nce of myopia in Swedish schools. - The influence of i
losd work oprivepis wms ales espousell by Basmssen(1936); who' Zebotted *

. on 120,000 clinical cases collected over 25 years, in China. We impli-

cated the posture of myopes, who bent: :helx ‘ewdireLasator schcol books 'x

their nyopia resulting from-the effects of gravity stretching ‘the eye-
ball and over-accommodition.

Goldschmidt (1963) questioned the clalms of Ask (1925), as he found
o c‘hm\ge 1n prevalgnce of myopia in Denmark over 80 years. He noted
that the earlicr studies i the Scandinavian countries ‘claiming reduced

'prevalence of myopie with improved hygiene weré quéstionable, since some

of the garlier screeninga were by untrained personnel; since incidences

of myapia fell with. increasing numbers'of pupils, and gince:the incidences

in differént areas varied considerably. He also argued that comparing
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prévalences between countries might be invalid, as the genetic back-

ground could vary. considerably from_ country tb country.

Previous Studies | S
- %" Several relatively recent’studies in human populations bear on the .
question of the relationship between near work of schooling and myopia.

Young et al (1954) exanined 651 children, the majority of whom resided

in a university town in the United States, whilé the remainder were from
the neighboring farming countryside. Myopia was more prevalent in the

university group. - These children also spent more “time feadifg than-the

tural children. ' ,-the parents" were not

‘reported, . So hereditary possibilities cannot be evaluated. .
Young (1955) further studied 425 of these childrén aged 6 :u’l7,.
siid, edabied the! Eikie ‘thisy Spent Lesdfg. " THE COTElAELoR OF age to.
% e Faciive erzobiwas -0.28, indlcaéi‘ig the older were more myopic.
After parti‘alllng St b agEarrakts, the SerSlatiEaTeE TARATIE Ehan
“to refraction rose from +0.25 in the 6.yeat olds to -0.53 in the 17 year
o * olds. Myopes read wore than non-myopes and this assaciation increased
- 'p_mg:essively with age. f
On the Other hand, Nadell (1957) studied 409 &chool children and
found no significant difference between myopes and hyperopes in time
-

spent reading.
.

In a study of the relationships between age, reading, and refrac-

w g i 2 : /
tion, Angle and Wissman (1978) ‘concluded that heavy reading could

T

+-. ‘greatly inerease myopia. They reported an increase in myqpia of 0.22 D.
per year of schooling. Using miltiple regression analysis, they foung

however that only 2% of the variance in myopia could be accounted. for
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:unc:oihd. age vas riot related to a higher degree of myopda; on the
contrary there was tenden;:y to emmetropia with i;lcreasg in ‘age., Theift
4204 subjects were fron 12 to 17 years old, .50 the ‘authors noted that
nuch of, the vartance could have occurred before age 13. It shouldfe
noted that the authors used data collected by others, which in most
cases consists not-of refractions but of estimates based on either
scutty testa. of pover of glasses habirually vora. Those feu refrutions
detaslly performed were dohe' by 35 refrac:ianisl:s, thereby reducing the
~comparability of the values.

Childress et al (1970) :'repor{[ed that posture in front of the tele~.
vision set'and while reading, could influerice the amount of refractive

error.” He also.dmplicated’the axis of astigmation and suggested. that

‘the position of the printed page in relation to'the midline could be a

. factor. : f o

- Several studies hm compgred Ehanges in.mean refraction during the
school ye./r with those diring the sumier vacation. ].uklesch and Yoss.
(1939) tnvestigated 103 utudeul:s Vetueen the end of grade 5 and che
start of grade 6. ‘The average change in refraction during this period.
w0, tomards hyperopia by 0.2 D.. Hoyever, the nean ehinge! dutid deada s -
vas 40.1 D..and-during grade 6 vas +.27 D.,"irdicating no significant '
difference in mean xafractive change during summer vacation. Kephart

(l951) and Hirsch (1951) conducted similar urveys,. and repurted no

signtficant changes, . « 3

<
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Animal Studies * - - .

In'an early study, Youns (1961) confinid 6 Masaca nessstria (sing-
tailed) mcnkeys 1!1 such a manner: that the dnimals' heuds were confined
Bﬂd the nnimals vision was limited to 15 il\chea. During the 12 mqnth
period of " the. experinents, the animals vere given z vespits of 2 days
every 2:to 4 weeks.' There ere e okierol grbupar Gontrdl o 1

(9 aninals) Kept caged in a normal sized room with mo confinement of

visual space, and Control Group 2 (5 animals) confined to chairs but
Witk o hoods and o visual festrictions. The  antuali weré. téEracted
%ith homatropine q;ela’plagié at variolis ‘£lms- during the expdilmest
Bachuas tha. sipiay eye 16 quite similar €0 the human eye, Young
thought that the reoults could be generalized to humans. Table 28

summarizes the résults, .. . /

Table 28:  Changes in refraction of prima:es following visual ~ -
configement (from Young, 1961)

C.6.1 C.G.2 Experimenfdl Group
S n=5 . . n=6

init., & mo.  4'mo. dnit. 2 mo. 4 mo. 6 mo.i9 mo.

11 mo.
Tef. xef. |ref. [ref. ref.  ref.: Tef. ref.

def

T e
19 |-0:54,|-0.33. -0.71 20,90 ~l.1- -1 Ll

mean  0.00 °

median 0.00 -0.125 [-0.58 [-0.33 -0.69 =~0.88 -1.0 v-ﬂ.B? ~0.87

Males showed a higher incredse than females'in.myopla. The author
clatned without further evidence that mo ciliary accommodative spasm
could account for the changes. After release fron the hoods at the end

‘of the 12 month period, some monkeys in .the experimental group showed

?.Unu 1n myopia for up to 18 months, while none of thé other
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nimals became more myopic. pan W g

Young and Farrar (1964) studied 43 chimpanzees (26.male and 17 :

< ' female). ‘The mean ages of the males werq higher, the females being

were. conducted using thi 1

6 months' to' 1 year younger:
sodium as: cycloplegia, and results were recorded as. equfvalent sphere.
7 With age partialled out, sex and ‘refraction vere, uncorrelated.

. Cdmparing the refractions of l‘.he animals to. humans of equivﬂlent age’,
the aninbls shoved more myopia than S 1 iRyt ke Tt

this was because they were caged animals; The females vere more myopid
] el

than the males. Intraocular pressure was found to be:lower in myopic

epés than, in hyperopic apes.,. i
Young et al (1971) reported on a study- of 224 male and 185 female
thinpanzees. Refraction and the peulsr conponents wére ndasured, the
latter using ultrasound. The aninals had been confined into restricted
visual space as in the 1964 dnvestigation, and were refracted cyclople-
‘»gzca‘lly. It was found that | s developeda biher degrée of nyopia
than the males, and the changes Founcda wyopia i all the- ninais
tncreased wicki sge and tine of confinement,  vith increased axial lengeh.
Shermun, Norton, and Casagrande q,m) stadied the effects of

suturing the eye 1ids of the tiee shrew. They found,'that the deprived

eye wis donadstently Gad considdrably. myopic when tompaved with eithed
the unsutured eye or to the eyes ofvnarmalAly reared tree shrews. In '

each case, the deprived eye d;veloped a longer Dp;:it: axis, but’ there was
i . no correlation between the change in axial length and the degree of

*  myopia.- / L g

Weisel and Raviola (1977) obberved the same results. from suturing
{ ¢ . N

- one or two eyes in 10 Macaca mulatta monkeys. The myopia produced:was

. g : A . s




axial in origid, ) -

Rose, Yinon, and Belkin (1974) teported 'that 68.2% of 11 caged’eats .

developed mycpia with.a maan of ~0.62 D.-while the control group of 12
street cats, remained hyperopic (87.5% with -a mean of +1.14-D.) - The

caged ‘cats were confined under near point: conditions. ’Becau§e in ‘both”

groups the optic axes were practically equal, the authors speculated

that changes in the 1ens night be the factor causing myopia.

* Wallnan nd Tarkel (1978) studied restricted periphéral vision in

chicks, finding an abnormal increase in myopis with-attendant growth of
5 o . . !

the optic axis. When the central vision was restiicted there was no

chmge n refranticn Honocular deprivation of form vision also caused

ayopia vith ar incrdased antexfor chanber depth. The authors suggested

that the chi'cks xes tricted to fron:al field had to accommodate more,

leading to inicregsed -convergence, whichicould have caused.the myopia.

" & N N .-
Another possibility suggested by the authors was that location of the

inage on the retina could be a.factor, the réstricted frontal ficlds
Roge. 5 2

elininating proper retinal stimslation.:

Comments.

The studies reviewtd descrﬂzmg assaua:mns of near work and ocular

“refraction in humans genarally show a change to more megative refraction

vith ‘schooling or near work. The mést direct hunan stuly (Young, 1955)
indicates a correlation betweep time spent reading and myopia as does

the Goldschnidt/(1966) analybls by soclal class (p. 53). The-equivalent
studies"on refraction change during school vacations present aliiost
predictable results, since vacation is so:.short.’ by

The éxperiments with cagéd animals showed that those animals that

3
!
B
{
|
i




had had their visual environment restricted artificially to. a near point
distance became myopic:: Control animals, which had-been caged But not
visually restricted also shnwcd lesser changes to myopia. It is En[irely

»
possible that confinement of any kind could cavse .a change in’ refraction.

This would be expected,.for instance, on the hypothesis that'stress is

a factor in refractive changs (van Alphen, 1961). - The cat cxperiments
of Rose et al. (1974) .showed no change fa’optic axis length. - fhey thought
that the lens pight be implinal:ed in myopia. On the bther hand, the
experiments of Young (1971), Weisel er al (1977), Wallman.et al (1978)
and of Shermdn’et al (1977) showed thai the opfic axis lengthened with
mynvln. '

. Tn mobt of the sntial and- humdn'dnvestigation, v Hention is ‘made
of the' fact that ‘when vision ds festricted to near wotk, the eyes con-

vetge, and as was mentioned aazner, when the bjes converge, accommoda-

-tion takes ylacer Therefore, overconvergence might be a factor in

" refractive:chariges, as was inplied by Wallman and Turkel (1978)%. -

Available data therefore suggests iha: near work can lead to myopia.

" Studies linking refractiod with education and mbellige‘nce will be

revieved as they bear on this potnt. " It 1s nor_eworthy that studies’
2

directly the ‘rel of , and.near work) as
opposed to'education, aré conspiculously rare.

& .
Such ‘extensive, direct comparison, for the population of the presenmt

study, will be dram in due course.

' i
Intelligence and

As mucioned earlier, Ware (1813) seems to “have been the First to
Ve

note the considerably higher prevalence of myopia in the educated classes

|

et S b
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as conpared tor the less eluduad, Ndndgee (1949) nade sinilar observar*
t1o0 n reporting a much h!.gher ‘prevalence of myopia 1o ptieu[s as

compared to ofher groups, inplicating higher education “in myopia. . The

1y cited (1882) and chide (1968) studies also. )
‘showed the relationship of higher sducation with myopis. ‘Education is
GELchuts) genaEELTY, eTpdely related to near work.
There huvé been corollary 1nvesniga215ns showing the correiation
of high hyperopia to Lovet fntelligence. ‘Balduin (1964) listed seveial |

Gendtnn g this

s that of PEingst (1921),
showing the association of feeble-nindedness and nigh hyperny'lm Stocker
(1934) who showed ‘that 124 tnsieuttonalized children with low or sub-
normal 10 had a high incidence of hyperopia, and Scharte (1938) whio
* anong 1100 poor readers found 58% hyperopic and only 3.6 myopic. .

Hizseh (1959) examined 554 school éhildren (agga 8 and
correlated the CTMM scoresWith refraction. He fmmd a vnlue of r of

~0.19 (p'< .001); and thought that reading ability was the determining

® factor. , Because the myope has better reading skills, he scored better

on the tést. On the other hand, Young (1955) found to correlation of
| TQ vith refractive error when he controlled for reading achievesent.
Iladell anid Hirach (1958). examined the correlation of ‘refraction
with 1Q as measured by the Califoriia Test of Mertal Maturity (CTMM).
Fout hundfel and fosicedy mbjacts tanged 1 uge Frmnilis ta'l7.9
years. They found a correlation of ~0.082 (p < .0, i.e. a small but

non-predictive relationship.

Morgan (1958) found a fegative: correlation for “bookishness" as

rated by/counsallnts_, .and fenale but not male refraction, Males who

' were low hyperopes were ‘less 7h:mkish. "'Bookishness" was a subjective




rating of the amount of time’spent in reading and cultural activities.

In another study, Young et al (1970) studied the telationship”
betyreen vertical oéular refraction end results ih'the Berts II.Vecbal
Reading Test, as well as in the California Achievement Test. The study
wab done on Eskimo children in Alaska, in grades 3 to 6 inclusive.’

 There were 204 students,- equelly divided by sex, although sex differ-

. ences vere ot réported. T percent cyclogyl was. used for ‘Fefraction.
Suﬂjects ‘scoring higher on the tests wer‘e more myopic, 5ze;u1: simiiax,

*to the Pullman stidy (1954), e st iteil oo R e e
reported previnusly (pe 103). 7 -me results were attrihuced o
shpariorreating skills and ot to hlghe: 1,

Kailsson (1975) reported the perfamance of nyopes oh the Lorge-
Thorndtke I Test, a reading test. Mynpes scored 114 against the
general avérage € 106 in 2527 subjects, aged 17 ox 18." The authoir
assuncs that nyopia 1s {nhericed, and therefore the myopla and intelli-
gence are increased by the same g:r\e. He nlso Teports thnl: the myopes.
had higher intelligence scores at sge 8, before the onset of their
nyopia. Karlsson did not xefract the subjects , indeed gome of the

* myopes vere.ident1fied from pitoREgE 1l high schaol year book.  The
author ‘appears 1ot -to have considered Chit doma stidénts night hive
preferred o be photographed without glasses; and that the difference
ey pobicaves o -eouyes lanakin wokdd. bk #EELcule to dfferentiate

from a photograph. 'He takes no accoudt of differénces’ of home environ-

ment. which might influence both -the IQ and refraction of young.children.’

y at age 11 and reported

Peckham.et 'al (1977) studied 403 c‘lﬂgr
myopia to be more common. in non-manual families. Myopes were bettér at

school compared to, -non-myopes, when é‘es:‘e}d in' reading, atithmetic and
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“vay, refraction is more torrelated with reading.ability than with IQ-
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ée\jieml abifities. When adjustme’nts were hade fu;r social c‘lass, the
advantage in 10 was sti1l more than'ane jears this advantage was
apparent from the e of 7 yasts. . They “rdported that ajopic children
‘read moke ‘and that their parents shoved more concern with their school

4 Young '(1963) s;:udied '151 subjects, first coﬁpi:ing'scotes on-the
Stanford Binet test, the OTM, and the numll-smuvan Test of Reading
Achievement. He. Teported a high corrplation beween ‘the CTMM and the
DS tests . concluding that the readiyg 2lement was more important in the
CTMi than in the Binet:test. “vho he partialled out the reading achieve-
ment, the correlation for refraction iith the Binet score was <0.012 ‘and
to the CTMM'vas —. 11, not significantly different Faonsiit Put another

Grosvenor (1970b)related refraction, 1Q scores, and academic

ability in a study of 707 uhite Europeans,ll to 13 years o1d, in New
Sasland, Ha' ined! Che ratidbasope st Eie eiblactve VinuY asitey to
Teport the refraction, and the Otis, ‘a sel-administered verbal test, N
.and the Raven Prugresslve Matrices test whtch 15 non-verbal, to evaluate
" intelligence. His l:\u:—nff for mynpia was -l D. aid for . hyperopia +1 D.
Table 29 indicates Crosvenor's results with the Otis test. -

Table 29. Mean stores’ on Otis test for myopes, hyperopes
and emmetropes. (from ‘Grosvénor, 1970b)

n Otis mean score . . '
Myopes . - 33 . 17’
Hypefopes - T 23" © 103

Enmietropes “7651 . " 112 (controls)




t tests indicated that the Otis scores of myopes and emme:iapés vere

nan-signtﬂmnuy difiere_n neither were those of hypern))es and enne-

tropes; iyopes -vs vere si d4E Ferent (G < .55),

In examining the mfrnczhrn vs (]tis and Raven scores in 290 sub—

Ject’s, he. found the following given {n Table:30.

o r
Table 30. Refraction vs Otis and Raven scores for 290
eubjactal with ¢ ‘ests

290 o _otis v Raven T
myopés 10 120 ST i
hypetopes s Tug 106
enmetiopes . . - 263 . 109 ) 11
t tests for: ., Otis ' - Rayen ‘
myopes vs gwmetl:‘t;pes e “omis. g ns: 5
5 pypg;épeg vs Vemmet!ap“es o= s B nis. x
. . myopes-vs hyi;gmy‘es i Con B -

These results were interpreted to indicate that reading is important

in intelligence tas:lnz only when myopia is z:ompated to emanropm.

“Both tests require good yistal perception but wnly the Otis test requires
reading. 'The low scu:isticnl ulgniﬂcance ‘waskans fhe’ argment that

there isa relationahtp between ‘refraction zmd reading anil:y, but.

A(ates the, intelligence correlation is st

Aside from the higher Otis scores ‘than Ravén scores, he found higher

" myopia in the "high ability" cladses, although he did mot zecuiq the |

refractive errors. T 3 C )

I
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s S | st Hirsch’ s téng that higher corralation:
et myopia with CTMM test thanwith: the Binet as found by Young (1563)
cuuld be due t6 'the former requiring rapld and sustained visual percep-
tlcn giving ‘the, myope an advan\:aga -Hirsch (1959) notes four possxble

g links: - # o, 3 o 3 ¥

Myopia i an overdevelopmenl. e companen:s, and
otular and cerebral development are related: &

3£ v 2) . 1Q scores are coloured by the amount nf ‘the subject's habitual

reading. gt »

3)  More 1nte111.gent people read mre. Ielrling m more myupia‘ %

; 2wy A  premiun

s ‘placed in the test. o' the abxlll:y to perceive £ine

details, ‘o the myope-has ‘the advantage. . . 8

o

" o Bsd 'Manley and S’chuldl’. (1970) l.umpnred 25 mentally retarded males (méar

Bglﬂl?) who vore glasses ; wi:h 28 normal Tq fales  (néan age 17) ‘who wore

gnsses ‘I3 the hormal BXup, 24, vere myopés, and 4 hyperopes. In the

CRO R G mentally u:acden\, 6. were myopes and 19 vere hyperopes. The. samples

Tr . were comparable in age, sex, and socio—ecanumic status. (Table 31).

o i
Table 31.

Frequency (of hyperuws and myopes in normal
- -and retarded groups of, children (from Manley
-and Schulde; 1970)° -

ot ¢

T "
o . normal »oo. Tetarded

“hyperopes ' RN VR t I 76

' “myopes v 2 o Ueenet 5 2%
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Conr[ney (1971) at:empLed to test Hirsch's (1959) and Grusvennr s
1970y hypnthesls that ocular and. cerebral development are related, by
testing whether there is any association between hyperopia and IQ in

tnstitutionalized mentally .r‘e‘tatdcdvnnd emotionally disturbed ¢hildren.

The children in a special school in Georgiz were grouped accordidg to

19’ dna encilonal sealitliey, Latdpteiad were intellectually normal. but
emctionally dxsturbed chudren (ED), educable meritally -retarded. (EMR),

a(\d trainable mer\tally re;arded (TMR) children. The IQ test in most

cases was the Weschlér T telhgence Scale for Children (WISC).

. DN . R
' Table 32, Sample description of TMK, EMR, and ED children

Sample Description

By o mead age D age - mea 1Q " ~5D 1Q
R 4w 12 T 4 s
EMR: 69 N "13-3 2.2 61.5
e 106, 1.5 AT 87.9

No cyciopiegia was\ used, with the static retinoséopy ‘in'the! hortzonral”
méridian being the weasure of refraction. Flgure 15 chows the refractive
error distr}bucian'af thdiwio groups. It will be. seen :1.5: the skew for
the retarded groups is to the hyperopi,c side with b nigh myopes

3} 'l‘able 33 shows: the distributién nf refrsct{ve efror 'for cach of the

\

L S U, VTS

. t-hree groups. The 1ndicat)cns are that retardeﬂ children are ‘more
* fiyperopic than mnauec:uaﬂymmal t1aeed SR EHE dans age, and that
chere is little difference between emotitmally dfsturbed children and

,notqlal children with \mspect to the dzat:ibnf.ioﬂ ‘of, t&fractive error.




“Figure 15." Refractive error-distzibution for hntizqntal
mefidian, right eye.
TMR and EMP. (retarded)children, dotted line ’
represents I (emotionally disturbed) childien.

(fron Courtney, 1971)

1id line represents

i

- = —
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_ " 'fable 31, Meais and standard deviations for spherieal
: . equivalent refraction for THR, EMR, and ED
‘children (from.Courtney, 1971)
R’ BR ED L.
“ . Mean tefraction 41,18 .02 0.2
Standard Deviation- ' 2.38 184 265+ .o

t test comparisons of the retarded group (TMR and EMR) with the £D. group
wag significant (p < .01), but the ‘comparison of THR with 'EMR was non-

“significant. -

Comments

- * Thé studies reviewed above cannot confirm that myopes aré more

intelligent than non“myopes, but they do shpw that the mentally retarded T

tend to hyperopia rather than myopia. One could -deduce from the Young
' . studies (1955, 1970) that myopes read more .than hyperopes, perhaps P i

because it is more comfortable for,them to-do so. By reading more, they it

could become more educated, and if the fear work hypothesis is correct,:
A beeo
o § i X
by reading more they could also become more myopic. There are.more

myopes in higher grades; ‘as'was shown earliér, and it was also demon-

'strated ‘that myopes have a higher 1Q.' - Those who read more develop better
—

skills at near work and will do better at school, and therefore if those

with poor reading skills drop out more often than those with better

reading skills, the proportion of myopes in higher grades would be

. higher than of non-myopes. The proportion of mfopes in higher grades’
is examined in the next section. L
Both Karlsson and Peckham et .al found that myopes/in school achieve-

i & " ment before the.onset of ‘myopia,.thus questioning the view that myopes =

B U P SIS
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reag more’ bacause: they dresmore confortable at At, dhd ales that T
A ujopLe etk e Eha Seid more) g

Unlike Karlsson; Peckham et al consider, albeit briefly, factors-
offanily ‘environment which. may be rcievan: to cdlu:ntionu] hchimzemenc‘
and refraction. ‘The question.¢f. the relationship of m with refraction
is still unanswered, and studies using non-verbal 1Q tests night be -
Infomacive. The one study using. the Raven Test, shoved mo significant

relationship between IQ and refraction.

Occupation and Refraction i

There have heen many studies attempting to ok ce:zain oc:upations g

" that require “near wnxk vith increases in myapiﬂ.r 4 #

‘Goldschmidt (1968) refers to the work of .Tseneming (1882) who

L
examined 7523 military conscripts and who xgpor:ed ‘the fnj.law;u\g preva:’

Lenice. of apoptaials octupational classes, Fanked according to the
rrevalence. of myopla by dogrée (Table 31-) %
The. prevalence- of myopia vas much higher in stadents compared to.
the other occupatiunal categories. The ratic is almost 10 to 1, com-
paring studants tp the-unskilled (p < .001). Thie,analysis assuses that
.

all sibjects were of the same age. -

The refractive status of ‘those in the printing trade has been

atuaied by several investigators. Seggal (1884) found campnsitors showed

a-56.7% prevalence of myopia compated t farm workers with a prevalence
of only 2.4%. g !
Duke=Elder: (1930) examined 244 iprinting apprentices aged 14 to 20

and he'tgbulated the findings as: gives.in.Table 35,




|
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Table 34: ' Prevalence of myopla by nccupa:innzl category (fram

~ ./ Tscherning, 1882) Whary

Prevalence of myopic refractio

Category “ 2.0D 36 79D ‘:::“;'D ﬁyz:::‘
* advanced students Tagl 672 2037 4280 102 . 32.38
clerks; shop assistants 1000  3.87 8.92. 2.28  0.69 .- 15.76
educated middle class 270 ° 4,07, T4 188 - 13.33

fine hand vorkets . o s .
(watchnaker, jwellet, 566 4.06 . 6.36 "1.06 0.18 11.66

B etc.) »

,gmss hand workers s B8 . 5
foasber, plunbor, ct.) 2061, 136 259 0.49° 0.8 5.2
farmers, fishermen, . .

stone-mason, stokér - 2326 ° 0:69 ' 0.86 0.26° 0.64 2.45
n 8 L7523 161 <340, . 7S 51 - 627

% 2.11° 4.52° 1.00 . 0.68 8.33

; “




0
124
Table 35. Proportion myopic by
in the printing trade (from Duke-—Elder, 1930)

A © . Zmyopes % myopes
X Type of ok & ” Ist exan _ , 2nd exam
<dgpositors - 80 c2s T

3 . ; o s e
machinists and letter 79
pressmen E
binderk and warehousemen 4
TR ) 107 combined - 3.0 .
stereotypers i 12
genersl apprentices . 26 3y i

Not ‘only ;vere the compositors at the first examination more myople
than tie n:h_azi, but the ‘increase in .proportion my‘npic was greater in
this group at the second examination. The rate of change was stated to
be. greater for'low myopla (<.5 D.) in both groups when compared to the
rate og‘ change in the non-nyopes ‘(youally less thin 1.00 b:), but data
were not shown, and the “tind batwesh exaninktibne was not Feported;

In's stidy on 206 hoslery loofers over 50 uonths, Tiffin (1947)
noted that those who passed the distance acyity test dropped from 70x
to about 48% whether glasses were worn or mot.

The working distance on this job'is § inclies. Hyperopes would not

be successful at this job, so it is possible. that the majority.or all

d

of the 206 tested were myopes oT not:
Tiffin did not record the ages of the employees, and this could atfect,
the Findings, fof older people tend to lose acuity with age. vhether they
are, myopes or hyperopes (Slntnpet. 1950) g .
Lindner (1947) reported that mémbers of the Romar Catholic clergy

were more myoplc than those in -other occupations in.two Austrian commu-

¢




Per cent passing-test
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! Figure 16.

T T
10 2 30 - 50°
" Experience in months

Changes 1# distance visual acuity with 1ncreasing 3
experience on the:job of lopping hosiery. Curvi
based on 206 hnsj.ery loopers. _(from Tiffin,’ 1947)




The prevalence of myopia among priests was 48%7. Lindner attri-

“nities.
+ buted .this to"he great amount of near work perforned by these subjects.

In- another study, Lindner (1953) explamed ‘the lack of myopia in

"vatchmakers as due to the fact that they L]

need very little change of theirnutritional fluids, as they’ ~ >
see cont)nually through their lenses the same enlarged *
picture. (sic) i

Frana and Vicek (195I) observed 1dather cutters in Czechoslovakia. i
i

Out of 265, 132 were myopes.. Records going back 10 years were exauined
and shoved: .

1) Myopia increased according to age and length of employment,

with the greatest increase in ‘those-over age.30.

2) Myopia in degree and number'was directly ‘proportional to

velght.
3) ‘Right eye myopic changes were greater than left eye changes.

There was mo relationship,to disease, distance of ‘domicile to

&

the factory, hobbies, or-heredity. =
The increases of myopia wefe up to =3.00 D, 'with no fundus changes,

starting af!er 6 to 8 years of employment. The-authors felt accommoda-

tion and cm\vergem:e, as well as the disperslm\ and reflection of light.
on the leather, could n:calml: for: nhese changes, bu! no contrnl data
" veré collected.
Gwldschmldt (1968) studied school children and mlllta‘x‘y ccmscriyts s,
! and ::ompared his own'military findings with those of Tscherning (1882),
and his school findings with those of Bje@m (1584) and. Yhilipsen ) -
(1884, as teported eatlier (pp. 51-53 ). &
He found tha[ of 9203 school children, al:tel\dlng schools in Copen—
hlgel\ who were born in 1948 and examined non-cyclopegically ill 1962

N




(certain‘few were re-examined with cycldplegic where necessary),.877, '

‘academic streams, the results in Table 36 were obtained.’

127

or 9.49%, were myopic. ' More girls were myopic than boys (p <".00L).

When ‘the. 8981 children in normal schools were classified according to

.Table 36,{ndicates more myopes in the ‘academic stream than in'the -
general ptream, with the comprchensive stream somewhere Htieen the two.
0f the 877 myopes, three vere high myopes (over 6 D.), and 30% had |

myopia of less than -1.50 D,

Goldsnhmidt then examined 3651 mntary sonscEtprs from;the age

' of 18 o 30, i 1954. and compnted his' results with those Tscherning “

(1582). He fuund 531 of the conseripts (14.5%) t}ere myopes, with 337

having myopia greater than 1.50 D. Myopia vas more common in university

studen:s, viz. 33.6% Vs 28.3% for the gramér school students, a differ-
enice nul statisticall}' signifiunt. Tscherning divided ‘his material

into six i:ar.esorles 1 stndents, 2) clerks and shop assistants, 3) = . .

"cultured people” wha do not fall into the first two groups, 4) crafts—

men in' fine work, S). ‘laborers in fine work, and 6) seamen’and ordinary

laborers ‘(unskilled).

Tscherning counted' ~1:00 D.. and miore as emmetropic, because.he

recorded érrors 6f refraction in | Diopter steps, his least degree of

1
nyopla was -2,00 D. Goldschmidt attempted .to group his material imto ' |
sinflar categories, adiing a seventh comprising those vho.coild not be -
classified in the First six. ' o°

Category 1 conprised studéats of all Eypes. . )
Category 2 were hank clétks, shopworkers, -etc. g a4
Category 3 vere those' fron higher l:ommerclal :ollege, ‘and other
edudated elasses of chis
. \ ]
¥
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‘Category 4 included master techiicians, tailors, compositors; e:‘c. :

Category 5 were skilled workmen, such.as mechanics, bakers, masons,
, catpenters, etc.

Category 6 eluded liborers, chiuffeurs, and gas-station atten-
dants., -

Category 7 tncluded any non-classifiablé persons, or thost -for
which no occupational data was available:

Table 37 compares the data’from the two studies.”

Goldschinidt found an overall prevalence of myopia of 14.5% in his

material ‘compared to 8.33% in Tg¢cherning's material. —However, in com-

paring myopes of -1.50 D. or more in his maferial to Tacherning's, the

1incidence was 9: zx, not™ signiﬁcantly atefeiepc: Hé also noted a simi-.

larity i prevalence of Tiyopia by accupltimt n the tyo studizs.
.| Figure 17 compares five studies Wcdiued with occupation and

refraction, - The: near workers show a greater prevalence of myopia than

the non-near workers, 5
Coménts

The studies revxe'wemh;w_ that pecple in certain occupations and
activigien faqutriagnear wobk hre Hore myorle then'fhose whio habitually
do Tess near work. Tocherntag (1882 and Goldschmidt  (1968) .both
reported this phenomenon for a wide range Of oceupations, and both shoved
that'students vere-sove ofted myople thin laborers, Duke-Elder (1930)
and Tiffin (1947) also, studied the refriction of those engaged in near
work, and reported the myopic cheracteristics of compsitors and hosiery
loopers. Lindner (1947) reported that priests vere more myopic thani *

other Austri and he this to- the reading raquired

of priests, It dis entirely boseiblé chat the pries:s studied took

otdets becausé’ they vere myoplc, Myopes might tend generally to. gravi-

1
|
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. account for thé graded conmection between near work aml‘niean refz;.ccion

" of Danish’society.

Discussion \_/ ‘ : EAR

- '(1947). Myopla, which develops later in'life might be a different type

" of Tstl\eming and his owm, indicating that this type nf myapi

) N
cee o Ty Sl e ;
fate to occupations Tequiring reading because to a nyope, reading is
less of a problem than-othet work, and probably|more confortable than

distance vision' tasks.’. Tt seems howevek most unlfkely that this could

fotmd in studiés by both Tscherning and Goldschmidt across all strata

From the ‘evidence, the incidence of myopia varies consideribly

befueen different social classes and occupations. Genetic differences

could be-the cause, or different amount of close.work, or both in varying

degrees. e -

It'ds pos;ihle’zhlat seticrivi pressures Hhve c;gse‘d éhe accunulation
of genés. predisposing to aopid in certain’ groups identified with cer-
“tain occupations, dlthough ‘oné can question this with respect to the
Catholic ¢lergy. Ox the othpr hand; selectfon of an occupation or
profession could precede the ternination 6 gmutt;,'md the onset of : A
myopia.” Not can.such nccuplr.ional selection theory explain Ehe late’ " =y
d=velopmm: of myopia in compositors, leather workers, hcﬂe:y lou;zex‘s‘,

etc. as '(epex‘teﬂ by nuke-zlder (1930), Frana and Vieek (1957); Tiffin

of myopig, unlike "simple" or schﬂb ,myopia. Some myopia seems there-
fore to.be environmental. éolauhmdz (1968) assexts that high. myopia

seciis. to have decreased tn Denmark during ‘the-80 years between the scudy

could be
environmental in jorigin since, 4 4 : s
a rapid alteration in'the frequéncy of a particular cha-

acter.is rarely caused-by alterations in'the geme frequency
(fmm Goldschmldt, 1953).
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ldschmidt Frana. .
1968 & Vicek .

Comparison of the incidénce of myopia in near.
workers and noti-ndar workers: from 5 studies.
clear bars- ‘neafworkers .°

shaded bars- ‘non-nearvorkers
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Studies have shown sudden appeuran:e “of myopia in several areas

when modern s:honling and ‘more clcse work were introduced into :he

envifonment (Young, x969, 1970).. 'The studies. cited above referring to

the 'epidemic of myopia’ in the’Canadian.North also refldet this pheno-

. menon (Boniuk, 1973; Morgan, 1973). £

The demonstrated emetgence of myopia in animals that have been

iubjected to a restricted visual experience (Young, 1964, 1971) 1s also

PP of envi al factors

A simple. dnvironmental argument cannot however explain why all — ~

persons exposed to near work do mot all become yiopes. The answer may
)

lie in whether the ¢lose work that might lead to, myopia is a “thinkgog"
type as hypothesized by van Alphen (1961), with certain’ people who are’

‘affected accommodatively by this type of close work becoming myopes, .

v

* while others do not. . : % 2

The degree of hyperopia in the subject before starting school may

determine Lhe shift tovards myopia. As shown by Hirsch (1964) if the

subject 45 pore yperopic at the start of school, his refraction will
mf: to the ‘myopic slde, but not enough to becone a yope, while if he
was only moderately hyperopic or emmetropic on.entering gchool. he will
experfence: the same quaptitative shift to t;lel‘inyopic's‘id‘e, and will thus
become a myope. .
Genetic 1ap1u':y to myopia may-be ‘incr‘eased by assortative mating
_ within social classss, Howsver Ehis camiot ba fhe case in those commu=
nities wl:ere myopia has suddenly appearéd when schooling w;is inkmduced.
into the-area.’ : S ' £
Myopia that suddenly appears ir sidsr people such as compositors,

cannot ‘be selective, nor can it be genetic.  Coldschmidt (1968) suggested
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that this type of myopia might b st 8 change in lens pover,,since

the lens grows throughout life, and its refractive pover alters. It

must be noted however, that if thi; were the case, there would be myopia
of this type found in people who ‘do not do excessive close work throughout
“the working da;'. /Such. myopia might result from the effects of severe o
emotional strain on susceptible genotypes. b

% deds posgible thac envirbnment“can cause some myopia.  Whether

| excess schooling or reading can generally affect réfraction’fs the .

question at hand and it appears from the work of Hirsch that. comstitution-

genetic predisposition is also relevant. The question is, can these .

hints be improved upon?
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PERSONAL  INVESTIGATION 11

REFRACTION AND OCCUPATION

. Tt vas possible in the present data to investigat® the extedt to

whieh o:tupation was telated to measures of refraction.
¢ Method .
The recorded occupations' for the subjects-were classified as in

Means and standard deviations for these tabulated groups were
b e

Table 38.
"/ computed. « 3

Results
" hs the effects of age have on Inspection been demonstrated, each

+ occupational category was subdivided by age, and means and standard

.deviations. of refraction calculated,

Group 1. Fish plant workers: The mean refraction is'the most
hyperopic of all, but since this group contains only

three subjects, the significance of this is unknown:

P / Grotip 2. Fishermen: Fishing is the main occupation in these

‘communities and only males. pursue it. Of the 106 sub-
jects, the younger subjects shoved a more negative
refractive mean than those in the older group.

. Growp'3. Fammers, efc.: There were 4 in thin’ grot), ALY ila,
) with the only.negative mean refraction in the oldest
group.  The 17 subjects in. this cldest”group consisted
of some who suffered from senile cataract, which causes

£ the eye to show a negative refraction. The general
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Group 4.

Group 5.

Group 6.

» 137
refraction in Group 3 is very slightly hyperopic.
Carpenters, etc.:” Of the 57 subjects in this group,-all
;nale, the only =ubj:gt in the youngest age sub-group wes‘
nyopic (-2.5877 D.). This relatively high negative valos
affected the overall group mean considerably. In the .
over 45 age group, there were two subjects with senile
cataract changes; who also added soue negative valnes. .
Housewives: The largest proportion (272, or 52:47) Qf ’

the adult females cldimed this occupation.' ‘The youngest

showell a slightly negative mean refraction (mean -0.0094°D.). |

The oldest sub-group, also including several women with
senile changes, showed a slightly/ négative refractive
mean.

Store sales clerks: Of the.25 in~this group, which
included malés and ‘fenales, the 30-44.age group shoved a

minus mean refraction, while the oldest. and. youngest age

“groups showed positive mean refractions. The 30-44 age

Group 7. °

Group 8.

group contained: two.former teachers, whose favorite
activity was reading, and as Vill be shown belpw, this
reduced the ‘group mean.

Bookkeepers, etc.: Of the 22 in this occupational group,
only the youngest sub-group had many members (16). This
group showed . negative mean refraction. ’
Teachers: The 14 persons with this occupation shoved' the
highest mean negative mean refraction. This group also
reported the highest number of hours. spent at”close work,

;o
as will be shown below.

P
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Gtoup 9. . Students: Of ‘the.388 in this group, 330 were in the
youngest age group. Of these 330, 195 wére aged 5.to 9,
and 1n the earilest prinary:iradis: * As vas shown ‘earlier,’
, the mean refraction of. this age group 1s 40.62 D., sorit
is not surprising to find in young students as a whole.a

slightly positive mean refraction.

Coriments -

In general, the effects of occupation are not clear-cut as they are

obscured by age and sex effects. , The mean refractions, for mémbers of

groups 7, 8, and 9 (-.0029'D. for 424 ‘subjects) is more megative than
the mean refraction for all members of the first six groups (+.0024 D.,
507 subjects), but the difference is not statistically significant.
. !

Members of the first six groups do less near work in the pursuit of
their occupations than members nf.lhe last three gtﬂup;. In all groups,
the younger subjects had more mean negacive xefractions than the older
subjects. The age group 30 to 44 showed the greatest range of mean
rafraction (+0:9654 D Eo ~0.4767 D.). AS vas shown, this sge group. is
much more heterogencous in occupations than any other group, with orly
students not represented. The reason for the greater range in the

oldest group is possibly the presence of several subjects with senile

ocular changes such as early cataract. It is also a possibility that
i e

some ‘of the negative in, Group 7 ( ete.) could

be late mjopias, as, defined and reported by Coldschaidt (1968) and by
Duke-Elder (1970) (pp.-131 ). Occupation, as such; does not seem
strongly related to ‘refraction’ in the study population. Related factors -
ssch 43" sdibation ‘and ours spent: it negt:vork mist be studted, ¢+ .




PERSONAL_INVESTIGATION TIT 7
REFRACTTON AND NEAR WORK

Introductton

6. the B EVIRuS Aves tgA T b TeAr WORk SReTRE s & YasEGE
possibly influencing refraction. Occupational demands for near work
were not However. generally reflected in group mean ”refra/ctiuns. Related
Factors such as education and leisure activities are fow examined.

The effect of education can be \mique‘lyv studied in this population
as. conpulsory education o Suthodiad relatively recently, in.1968.
Prior to.this there vas scant schojling as. the following excerpts £rom
a r.eaf_hars‘ log lndica:es A

The Teachers'sLog Book, preserved. for the years 1915 to 1921,
/ contains illuminating indications of the primitive state of education
in this aréa during that period. Iticontains entriés by four dﬁcfexen:
teachers in éomu}.lt‘ir ¢, ‘the largest of the three.
December 17, 1915 == "(out of 10 pupils in the 3rd class) 2 of them

only began to attend school a couple.of weeks
ago. - They were not advanced enough’ for 3rd

December 22 | chool vas opened today for the first time

for this veek (sic) . . . numbek present 18."

January 19, 1916 — "owing to not having any wood we had to close

;e school in the afternoon yesterday. 3'children

have left ochool since Christnas

February .10 - "B pupils left during the last quarter."

March 14 - Useveral of 'the bigger children have left,
their parents vant them to help at.home.'

May 4+ - - "Lately the work has been unsatisfactory owing

“to about Half of the children not having any
ink and none in the place ‘to be Kad,"




May-12

Septenber 4
October 20

November 14

November 15

. May 4; 1917
November 6-26

November 25

Novenber 27
May 19, 1920

September 6

children enmued and

seven school years:

school year.

@ . 5
The Newfoundland Census for 1921 for Community C reports that there

Table 39 presents data resorisdAx e Log Book on the number of

'one of our drawbacks is irregular attendance.

"16 enmued . . ! reading on the whole very
poor.""

"dismissed the class for the reason that there )
is no wood to make a fire. .

"6_present.'

"t i no harm to say that the children of C
get' their education under difficulties. The
lighting is ridiculous and many other incon-
veniences."

"only 2:present."
<~ School closed, teacher i11.

= "Icame to-the school today but mo children
cane along:"

'no Wwood--no_children."

- Report of the examiner: "The building is
wholly unsuitable for school ork and the
equipment wholly inadequate."

$ .

w
-- "2 in‘attendance, as most of the children are 1
gone, with their parents hay making, 1

the number and percentage of attendance, fot
Phe Bataiwase: sesorsed by South sha grouped by

were 33 children between the ages of 5 and 10, and 19 children between

the ages of 10 and 15, totalling 52 children who were eligible to attend

school between the ages of 5 and 15.
42 attending sehiool that year.
monthly. attendance of only 21.05 in the school year 1920-21, and of
29.38 in the subsequent year,

or 44% did not attend school.

The Census repotts that there were

Hovever, the Tog ook recurds an average

This suggests that at: least 23 of the 52,




Table 39. Number of school children enrolled, number ,(n
of for

school years, fot Community C,

Selbsl Ve Aveiége monthly Average monthly  , Actual attendances

no. enrolled - no.' attending of those eligibles (%)
1915-1916 30.71 21.97 72

1916-1917 . 26,07 14.34 55 *
101721018 - 10,5 1316 68"

1918-1919 28.56 18.42 64 5
1919-1920 .30.8 w ‘ 22,28 72

1920-1921 . 21.05 15.93 76 4

1921-1922 29.38 30.24 b 69 31.0 !

Mean - 26.58 . ¢ 18.05 - 68 !

The Census also records that of the 113 mm‘(ncs over the age

of 10, 46 could neither read nor write, i.e. an illitéracy rate of 41%.
MmQ

The present fnvestigation into the effects of education and near

work on status are. now

Methods .

_ Educational level was recorded as the last completed grade for each
subject. When a subject had left school sndisibreid gor "upgrading
the upgrading years were counted as grades. -Upgrading refers to the
return’ to primary education as ;,n adult, | '

Near vork refers to any -task such as reading, se'wlng,. knitting,

"‘that s performed within a 20 inch distance. The. amount of time spent

by the subject with his eyes focussed at this distance was recorded.
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Height measured in inches was considered becausé of the studies,
repa{r.ed earlier, 'that. investigated heigh( and refraction.

Leisure Sctivitdos vere- racorded by askiog the subect to repan’.
his favorite activity. . Mfe categories of leisure activities were
Tecorded: :

Figure 10 (p. g7 ¥ illustrated the distribution! of refraction in the
total population, showing three distinct trends of. refraction with sge,‘
from age 5 fo age 15, from age 15 to about age 40, and from age 40 and
‘up.  Those subjects who entered school in 1948, 1i.e. uhen school atten-
dance became compulsory-in order to receive child benefits, had reached
the age of 30 in 1974 when the data were collected. Neciisa of thass
three. age trend relatlonships; and in order to investigate changes due
to introduction of schooling in 1948; four “age groups were used, viz.
age 5-14, 15-29, 30-44, and 45+,

Mcans and standard deviations of education and near work were

examined in the four age intervals. Product momedt correlations between

the variables mentioned were exsmined in each age interval.” Partisl

" correlations, with refractions, removing effects of other variables in

order to assess the independent effects of height, education, and mear
work, vere calculated £of each age group. Multiple regression analysis

was’ performed to’ assess the variation in refraction accounted for by

each variable. A clgse statistical relationship of near work to yefrae—

tlon vas found (to be ), a further of the
distribution of near work by S5-year age groups: "
The effects of the ofher variables were removed by regression from

refraction and the residval value, called RFC, was compared across

different categories of leisure activity.
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Results §
Tables 40 and 41 present means'and standard deviations of refrac—
tion, age, education, hn;l near work in hours, in the four age groups. -
It willbe seen that mean refraction is megative only in the 15 to
29 age'group; this group also has the higfiest -éducational level, and the’
e spent at near work. - The earlier lack of education is evident
. from inspection of the educdtional level of those over 5. The mean

grade 1s°5.38, half that of the 15 to 29 age group. Even though low,"

this value is misleading, ss this group contained two retired school * |

teachers, and one retired plofessional enginder. Thé oldest group also

. spent the least amount of time af near work at_the time of €he study,
even Including the thiee subjects N Because they also had the
lovest educapion value, they probably spent less time af pear vork
during their early years. Educational level gives an indtcation of the
amount of near work performed during the childhood and adolescent yeaxs,
but it obviously is a very imperfect measure Of habitual nearwork.

For most of the older women near work meant pxi,ncipuu'y knitting
o sewing.' Knitting and sewing vas the third post often cited favorite

§ letsure ctivity, with most of these listing thest as favorite activi-
 ties befng over age 45, It can:be surmised that Teaddng is considerably
lege in this sge grow compared to the ctlier groups.

Age group 30 to 44 also shows  misleading mean grade level, as this
group included four.teachers, and two former teachers ndv employed as
clerks. By subtracting thz‘n:hta of these six subjects from the totals

_.in Table 41 (p. 144), the mean refraction increased fro +0.636 D. to

40.76, D., mean education changes from 8,885 years to 8.67 years, and

mear near wotk changes from 1.270 hours' to 1.14 hours. This, age group,

also contained 75 housewives with a mean positive refraction.

<




Means, standard deviations, for RVERT, age,

Table 40.
educational level, near votk, in hours, for
age groups 5-14 and 15-29
-, age 5-14 age 15-29
n mean sb mean 5D
RVERT © 331 40.262 1171 11 1.606
Age 8.99  2.73 21,46 bty —
i B
Education 9:22  2.66° '1.857
Near work 0.985.0.998 1.37
Table 41. Means, standard deviatiBns, for RVERT, age,
educational level, near work, in. hours, for
age groups 30-44 and 45+
age 30-44 age 45+
n mean  SD nmean, - SD
RVERT g 1487, +0.636 . 1.145 186 +0.873 | 1.366
" hge 37.18  4.42 5684 9.706
Education 8.885  2.966 538 3.309 *
Near work 1.270  .1.5501 0,898  1L.141 -




eyt ¢ tion, sex; and cc:upul\on

Table 42, Data for six subjects in age group 30-44, with °
. xespect to sge, refraction, near vork, educa- ERE

subject - Sex  Age ~RVERT: - Near work Education

Occupation \)

1 LS TS 8 17 teacher )
b a7 ealse - =’3 " 17 teacher
30 M. -0 3 16 teacher
o o4 oM 32 0.00" 3 13 ,te‘au;har‘ ' P
50 M- 40 -6.00 1 12, ek bactiar
b". : . ,j 6 M '46 o T B 8 9 clerk/ex-teacher
v % Bans, : 2.3 43 o " - *
- - A i of ¥
Cnrrelztiens

correlation techniques.
o

"Tableé 43°sHows the Pearson Product Moment. correlations (r) ‘of

* The associatiun between variablu\vus axﬁmh‘ned\gﬂnre precisely by

refraction with the varlables previously argued to affect refractich,

in each of the: four age groups. Because heights of 25 subjects were

unrecorded, the data pr:sem:ed ave: for 931 suhjeccs.

S ;
! : Discussion of the Results

ish

1

with age (0.916), éducation.with age (0.940) and educatfon with height.

In'the youngest age group (5-14), the close relationships. of height

(0.899) are 1 Nen

dictable as ¢hildren progress through school.

& e
+ 4,40 oF better, with vefraction, helght, age and edicatlon, again pre-

The substantial correla-

tions, on the order of -.40; of refraction with height, age, near work,.
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and education, are thé only ones'not readily explicable in terms of age
trends in height and education. Sex shé? little relationship .to other '
variables, eicept for, a modest. correlation (0.215) with néar vork: I
may be remembered that more negative refraction means were noted in )

females than in males in this age interval.’

Age Group 15-29 , < ' o 2
Correlations observed in'the 15-29 year interval are .
shaller, and some are preatly reduced.’, This reflectsrcessation of the
period of greatest growr.h and the fact that only the younger persons.in
this group are required to attend school. The correlations of height

with sex (-0.649) and education (0.180) indicate that females are shorter

and have completed more years of schooling. Education and age are mot

related in this group. Near work-is cotrelated with; ed/ucn:ion’(ﬂdlo)
and refraction (-0.325) but slightly negatively correlated with age
(0.105), presumably because many in this age group have left school.

: g v
Females show more negative refractions, the older more positive refrag-

tions. . As in the first age interval, education and mear work show

suhstmtial cnrrelatians (-0.310 and 0325 respect‘ively) with refrac-
tion, despng revetsals in the rela:ionshxﬁs of refraction with height

and age, and are in themselves correlated (0.310).

Age Growp 30-44 4

In the 30-44 ‘yeat interval, substantial correlations, on Lhe order

nf 0.40 :o‘u.sn, are again seen among education, refraction and near work. '

Refrauclcn is but uea.kly related -to l"elght. age and sex. The other note-

worthy change from the 15-. 29 ycar graup pattern is\ the negative correla~

tion (-

380) of age and ‘education. The heterogeneity of this group with




. . ; " :
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respect to occupation and therefore education, may account for the

-. increased correlations involving this variable, by comparison with the

‘15-29 year group. o %, -

Age Group 45+

In the 45 year and older interval refraction shows weaker correla-
tions with age and education, perhaps because of senile lens changes and
presbyopia, though it is still correlated with mear.work (-0.219). Near

work and education remain highly correlated (0.531), age and education

‘negatiyely so (-0.222). The older are shorter (-0.127) probably because “—
they are predoninantly fepale. The taller are more myopic (~0.231)

possibly because they are younger, that.is, thereare more females who

\are more hyperopic at the oldest ages (65-years'and above): 3
Comments . N “ .

Apparent in this shifting pattern of correlations with age 15 the
constant relationship of refraction and.near work, and of mear work with'
education., The iatter 18 only to b axpected, the fommer is demonstrated
here. Refraction remains correlated with near work throughout essentially
the entire 1ife span, despite the non-consistent rela:im;:hip of near
work with ‘age, despife the complete revérsal-in the.relationship of .
sefraction to age in the nid-teens, and despite the mote gfadusl but even

greater reversal in the relationship of education and age.

; f * b 7 k--v

+ Partial Correlations

Because of the interdependence of the several variables of interest,

partial correlations vere'calculated for refraction -and height; refr
“tion and education; and refraction and near work. In each case, age and

-




sex;.as well as the other two variables were.partialled ‘out. 'Tables 44,
45, and 46 present the resilts. ’

4 rable 44 generally coififus the find!ngs of Coldschuid: (1966) and
Alebizk (1979) that height and reE:actioErare not: sxgnlfinan[ly related,
although in. the oldest age group, there is.a significant relationship
betweeh the two variables. Table 45 indicates that. education is highly
significantly correlated (negatively) with refraction (p < .01) in the
nm three age groups, but in the over' 455 these variables are mot
slgnifxcnntly‘co!relatet With respect to near work and refraction
(Table 46), 41l correlations are significant at the 1% Levis g el age
groups.  Greater heterogeneity of occupation ind therdfore of education
possibly explains the relatively large correlation in the 30-44 age
group. ]

" bomangs =

It is apparent after statistically removing the effects of ;ge and
sex and the ninimal offects of height, that ;‘efmction and edycation,

. .
and even moré so refraction and mear work;:are inversely related.

3 b T .
Multiple Regression Analysis ¢
In ordér to determine the contribution of education and neaf work
”,

to variation in t multiple < were caleu-

lated as indicated jn Table 47. With refraction as the dependent

varisble, regression coefficients yiere caleulated removing in order the

effécts of mge, sex, height, near work and education, and wIth education

removed before. near work. .

chnnge 1s ‘the proportion (pex‘c:ntage) of refraction uhich can

‘be explained h)r'uch indepandent vlrinble entered in the. regzesslnn in
]

'
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; # : . o
Table 44. Partial correlations of RVERT and height: by age; .
age and sex; sge, sex, education; age, sex, educa-
tion, mnd near work "
3 o age,sex, age,sex,education,
S T i
¥ RVERT & age 5-14 =-0.1093* -0.1108* -0.0368 ~0.0332
; Aeight 15-29 0.1265% -0.0158  0.0285 - 0.0L68
3044 0-0.1125  -0.1611% -0.1069 - -0.1284 .
45+ =0.2193%% -0.2291%% -0.2179%% =0.2154%%

fTable 45, ' Partial correlations of RVERT and:educational
level, by age; age and sex; age, sex, an
height; and age, sex, height, and near work

age,oéx, age,sex,height, |
height otk

Controlled for: — ‘age age,sex near w

RVERT & age 5-14 ° =0.2837%% -0.2775%*% ~0.2584%* "-0.21824

3 educariod 15-29  -0,2077k% " -0.2257%% -0,2268%% . -0.1442%%
30-44 =0.3934%% -0.3942%K =0.3774%%  <0.1928%k
45+ 0 -0.1208%  -0.1254% -~0.1024 .7 0.0130

Table 46. Partial correlations of RVERT and near work, by
age; by age and sex; by age, sex, height; and
by agé, sex, height, and education

% sge,sex, - age)séx,height,
height &

=k [, Comtrolled for:  age - “age,sex remaning

RVERT & age 514 -0.3242%% -0,3162%% ~0.3113%% - ~0.2799%*

mear york 15-29 0.3135%% ~0,303L%* -0.3030%% ~0.2499%%
30-44  ~0.4809%% =0.4809%% —0,4805%k - -0, 3695%*
A5+ T -0.2131%%  <0,2293%% ~0.2153%% . -0.1908%%

#% significance .01 A

" *.significance .05 i
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equal to that of near work.

. . ; . 152
the speci‘fied order.
« In the younger age groups, about 8% of the variance of refraction
is expllzine‘d by near work, if it is partialled out before education, and-
nnly\a little less, about 6%, if it is partialled out after education.
In the youngest group, when refraction is chafiging z$p141y, age plays

the most 1mpnxta’n|". role in refractive change. In the 15 to 29 age

group, sex is more important than age, but mear work still 18 the most

varlable explaining variance fn s The differ
between males &nd females in'mean refraction in this age'group, already
shown, is reflected in thi‘s ‘flnding.
In the 30 to 44 year group, education and near work afe more closely

related, and more important in .the iation in 3 22% of this

variation is accounted for if near work is removed béfore ‘education, and

' 117 if near work is considered last. Sex and height count for little,

The occupational hetérogeneity of this age group may be'recalled. By
this time, réfraction has reached its ultimate value, and ‘those 13 i
pitlonssraquicingmost nedriwork axe dish i this age group.’

In the oldest group, education accounts for none of the varlance
in refraction and near work very little, probibly because Of senile
changes, as mentioned, Those.over 45 have the least educatfon; the

influence of height on variation in refraction (54) is: approximately

Comments
.Near work accounts for from about 4 to 22% of variation in' refrac~
tion in,different age groups. While its influence.on variation in

refraction is.not necessarily large, it is the most influentfal variable
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, tial as height. ) e

Population/Age’ Distribution of Near Work - -
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in the ‘two middle age groups. Only in the. first age group is it .secon—
daty to age, as expected.’ In the oldest.group it is about as dnfluen- ‘

and Refraction
Figure 18 illustrates by 5-year age intervals, for the entire popu-
lation, the mean time spent on near work and the mean refraction. Both

and the two curves are strikingly parallel.

curves peak at,age 15-19
It would be difficult ]::.rmd a more parsimonious explanation for this

relationship. than, that near work and refraction are strongly associated.

'

Leisure Activiides
Each subject was questioned as to his favorite leisure activities.
The data were divided into nine categories, two considered to be mear-

point activities, and six considdred to be far-point activities. Thirty-

six subjects reported no lelsure activity at all.

The nine categories were: | - b,
reading p
sewing, knitting ,
f£ishing (hobby) :
unting
housevork (reported as & leisure activity)
2 P drlving P
television viewing
games, ‘sports; outdoor play’
ha none I

Table 48 presentg the data in these nine’ categories relating to

mean - refrac:ion, standard deviations, nnd the number of subjects in each

{ category. . s : 4 %
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<7 : Table 48, Leisure activities for 957 subjects, mean
" refractions, standard deviations, and -
v number of subjects in each category
" erivity ., * mean RVERT D n group ‘mean
reading -0.2173 D 0.9505 207 ]
seutng, knitting * -0.0790 1.0868 4 “lazrny
fishing . 5 E.om 0.5033 /9
* hunting - 3022 0533, 4
‘housework 0.1015 <'0.8152 26
driving T 0.3589  ~  0.0963 2 +.0717 D.
television 0.0512 0.8861 10
ganies, outdoor, ete; . 0.0665 0.8448 591 v
mone. " 0.1034 0.8917 * 36
unrécorded 26
) . 3 957
- -

The tvo near-point categories both showed negative mean refractions,
although only ‘that of the reading category was strikingly so. Most of
the other lefsure activities were clained infrequéntly éxcipt for out-
door activities; this group  (591) had an’ essentially-emmetropic mean,

as did the far-polnt categories taken togethet.

Comment

It appears that in this population those who read for pleasure have
mote fiegative refraitions than those who prefer outdoor activities.
Little can be made of this comparison since only fa\:a;s:e leisure’ acti~
vities are considered, and since time spent at Yetsute activicics was

not recorded. 4




j Discussion

| V'Results of the analyses of correlations, partial correlations, and
multiple regressions, all confim that thuse doing tiore mear work have
more negative refractions over all age groups. Trends for occupation
and leisure activities are also in agreement with the findings of Gold-
schmidt (1968), and Tscherning (I882), who showed that more negative
TRECAEELONs e saaSetutad Wit neSENIRK activietes, Thevsignlfteance
of these findings'is enhanced when they are related to the trend seen
15 'the under 30 age group tp more negative refractions. it was shown
carlicr that those under 30 had more education and spent more time at’

) " near work tasks than those over 30. ' Moréover, those under 30 have,

generally, an, ‘better. type of than those over 30,

and yet the /near work rel were similar

| 1in both age groups.

~ .
From the and from the lation distribution of

refraction, it could be suggested that refraction and near work were
1 . related, It is more improbable that persons would consciously and to a
fine degree tailor their hear work to their refraction. From the

Findings presented in this chapter, of the close association of the tuo /

variables throughout the ‘study. population,. it can be concluded that near:

Work s a 1 influence 1n man.
The investigations reported 'so far have focussed on environmental
factors: Chapter 6 examines’ the influences of heredity on refraction.

/
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Chapter VI

¢ . THE IJNHERITANCE OF REFRACTION

Introduction . «

Because several studies inticate a substantial hereditary ?mponan:

" in the deterdination of ocular refraction, this r_hupl:er reviews previous

work on the genetics of ocular refraction, brieﬂy reviews the cmr:epl:

- of multifactorial in\mritance, and presents amalyses of fanilial resem-

Multifactorial Inlieritance

)
é
blances 4n putrantton et usas ork. in EhevibtertaL o e study popu—
lation, o ' .
Refraction is g contimuously vatying trait, much like height. | This

in itself suggests that its genetic background may be polygenic, that

: | ;
s that its heredity is based on the additive effects of several or many

basis-of refraction since the methods used can be expectE

ivheritance. This' approach does,mot prejudge the lssue of the geneti:

genes (Cavalli-§forza aid Bodmer, 1971). Since environmental factors
have also been shown .to influence Tefraction, it is appropriate to
o .

analyze familial resemblances ‘in refraction in tems of multifactorial

to reveal

deplrr_ures {z'mn the ggn:tic Ass\mpcinns which ul\dulie them.

Close relatives are :xpel:l:erl to show certain correlations in traits

i of polygenic inheritance. First deg‘ree relatives (pareats, offspling,

sibs) have hali their nntosomnl genes in ccmmon, and should therefore

exhibit o correlation oF0.503 adcond’dagres Telatives (aunts, uncles,

nephevs, neices) should Db stratationint 0.2 third degree rela-
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tives should have a correlation of 0.125. These expecte;{ correlations
w11 be observed only when vartation in the trait 1s entirely penetic
and additive. This is referred to as ‘complete additive control. It
tha corcélation fa less, - the HEforence Erom expectition miy ba takey
€0 indfcate o envifonmental oponent in varlance of the trait. On .
the other. hand, common family environmental eonditions may increase the
value of a correlation of relatives, inflating estimates of the genetic

rrélations exceed parent

component of variancg. When sib-sib
correlatiofs, common familial environment must be suspected. ' If husband-
wife correlations ate non-zeto, assortative mating may apply for the

trait, or commoh- environment may be inéreasing Ehe. teaéublances Gf

Dominance effects will also Inc!euse the correlation of sibs
T

‘spouses.

compared to that of paterits.

In examining the heredity of Tefraction, and more specifically of

nyopia, one has to simple types of
Tder (1970) calls 1 myopia. H

oyopla, ss well ag vhat

changes in the eye,

hologlcal myopia s fated with

ustally in the posteriof segment of the eyeball, andis usually mccom-

panied by & lougariexis. This t¥pe ofuyopia da relatively comon and

can lead to eventual biindness. Its gemetics is mxm;xei in that’ one

must distinguish betwden genetic cases where hxgﬁ myopia exists umre=: I
lated to other genetic pathology, and those conditions such as'albinisn s
in which ocular and other pathology is relatéd.: In such cases the
multifactorial basis for the inheritance of nfrm:‘tion may be ifiappro-
priate. These types of high myopia-are often s;i.mpu nendelian traits -

(Francods, 1961): The inheritance of ocular refraction has been appro= =  *

ached through twin studies, pedigree studies and family studies.




Twin Studies

In tuin studies,. comparisons are made between concordances,of-
dizygotic (DZ) and monozygotis (Mz) twins for a trait or u‘nam%'. Thie
conventional ‘approach is to reason that hereditary variation' can by

" postulated if concordance' is greater for MZ than DZ twine-and the con-
////

‘cordance for DZ twins is approximately. that of sibs. e

Early twin studies reporting influence of heredity on fefraction

reviewed in ‘wnr.ienha;g (1963) and-Sotsby at al (1962), Francois (1961),
Jlblo‘nski (1922), Waatd;b;tg (1930), and v. Rotthe (1937) xei:orted ‘
higher concordance. for refraction in MZ compared to DZ ttaat Otsuka,”
(1956) studied Japanese twins, and repun’.ed slmllat results, ™

Sorsby et al (1962) investigated 78 pairs of Wz tuins, ‘with refrac-
tive dlstri_bnr_inns siml‘lar to that found in the general po})ul.!\;inn_.
“Table 49 presents data for_concordances between ocular components for

M2, 12, and.varelated control paits, and criteris by vhich concordance

was defined. . A : i
From the highE{ concordance in MZ COW!Y!&&ED [h! DZ. l"i!\ nnd

contxol palxi, Sorsby ﬁDMlI-\ded that TEf!‘ict‘LVE B‘l’ﬂrﬂ were due to

largely due to heredity. He did-

faulty lation between

11y difference in betweetl

“not find &

the D2 twins ‘and the control pslta‘ for all refractions. Concordsnce fa
the MZ padrs wds higher in emmetropia than in un:ttopia, but the concor—
dance for ¥z 4n all refrgetions vas higher in all cases compared to DZ
and controls. . et
Goldschmidt (1958) reported on two pairs of Mz twins in his study,

finding greater cmcurdnnce for Yefraction in the MZ tvi.nu «compared to 5

nine D2 twin pairs, Ravimng earlier tvin studids, he concluded M2 '
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Comments

cm\curdanm to be higher than Dz, with greater — n the enne-
Eibpdtngadnd T4 Siwes degrees of anctropia compared fo higher errors.
T asefexencis. dn concordmee betveen MZ ‘and DZ twins were present for
all types of error, but were greater in Nigher ametropia. These conclu-
sions are similar to Sorsby's 11952). * =%

‘In reyleving Sorsby's 1962 study, Goldschmidt found the variance
to be higher in myopia than in hypgrop:\l m the Dz pairs indicating a
greater genetic Variability for myopla. Because intra-pair variance 'of
W ovtns was ‘also higher in myopia than in hyperopta, he postulated a

graater envixax\nuznr.ll 4nfluence in myopia than in hyperopia. e further

- moted a greater intra-pair varlance A myopla over 6 D. in Mz tiitns
% oemorn gttt Wik st e g e optic axis, and no

g o
AL fs in ovffér This suggested that in myopia over =6 D.

externél factors work mostly on axial-length. Because M twins share

the same genes, discordance must be due to low penetrance or environ-

mental fabtoﬂ. From' this Goldschmid u that-ail
was due to the fufluence of envirommental fastore on the genam\hack-‘
gronnd, +

~

Stern (1973) and c}mh;me: (1968) have pointed out ‘several Limi-

tations in twin studies. In comparing MZ and BZ twius, it has been .,

assusied that enviroamental variances in both types are- identical. " Hou-
ever, this is not mecessarily so. In general, enviromments of Dz twih

are more disparate than those of MZ twins; & lesser concordance of DZ

compared to Mz twiris might be due.to differences. i environment. It ig

also known that monochorionie twins may_have inequalities in placental

161
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.Pedigree Studies VR

o

“myopia, tend to'bé over-represenced (Edwards, 1963).

% < s
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blood supply (Sterm, 1973; Goldschmidt,.1968) which could ircrease fntra-

pair differences and Teduce es of 1 Ascer—

" tainment and reporting of single pairs or small series of twins tends

to be biased by the curiosity value of concordant and' discordant pairs;
only unselectéd series can be given much weight. In studies of concor—

dant twins, -twins with single gene disorders, such as degenerative ¢

“Pedigree” studlea{?avﬁ led to diffexenr. interpretations of me lmrle
of tranamission of z;fncuve errors by various i.nvestxgators. “Table 50
1ists:authors by mode of transmission suggested. N

~These studies cannot be wery informative regarding the géneral
inheritance of refraction, as they tend fo be selective dn choice of
pedigrees studies, and will not be discusoed in more detail.

Table 50.  Hodes .of transmlsslon of myopla as reported by . ',
¢ different authors, as reviewed in Baldw: ||

(1964,
Autosomal ‘Domtnant "Autosonal Recessive, Dominant Sex-linkéd
Clausen, 1920 " Paul, 1938 Cweld 1949 - /
Holm, 1926 . ' Jaehsch, 1939 ' :
1962 » 1952 : .

U =l o T " we - \
Wolfflen, 1949 Aligno-Masset, 1965
Wold, 1949 N Jablonski, 1922° . 2

* In'addition, G (1968) sug that “myopia vas trans-

mitted polygenfcally, in an ‘drregular fashion.




| ‘correlation of mothers tofathers vas -0.119 (28 pairs).

Family Stud!es

It is more useful to consider resemblances in a large series of

'

Eamilics, the selection of Which was mot based on a need for visual
care. L . -

Young et ‘al (1958) exanined 207 pairs of ‘siblings in Pullman,
Washington, United States, reporting the gverall. paitial correlation’
(corracting For age) for sibs o bi 016 For the 43 Bairs. of female

{ qtve; the torraldtion vas 026, conpared to' the ;orrifaciunifnx 56 male
. pairs of sibs of 0.14: | o ‘ .
In a study of 28 unselected families, Sorsby et .al (1966) found

to be 0.227 (100 pairs),

the p 1d corvelation for

while the sfb-sib torrelatiod bas 0.358 (24 pairs 1n 22 sibships).  The
' N ¥
Ditmars (1967) studied 258 myopes and their' families.: In this
visually selected material, he repon:ed 22 of 8.57 had both pavents
:mycpic, 73 (28.3%) had only cne parent\mycpic, 163, (63.2%) . had neither
-parent mybpic. He nn:ed that 223, ot 86.4%, exceeded their parenca’ .
! degree of myopia. ‘The offspring in this study ranged in age from S
to 26, This data vere’ reanslyzed by Hiksch and Ditmars (1969) paying
attention to the degree ‘of myopla. They reported that ‘as the degreé of
- myopia pereased, the percentage of ‘patents my;pxn increased, ahd the .
: percentage of neither’ p.ren: 'h:i.ng nyopic decreased. A
Young et al (1969) conpared the. rafractions. of Eskino children to
that & their parents ana grandparents in Point ‘Barrow, Alaska.  The

tatal numter’ of ‘subjects was 508. Refractions were non-cycloplegic i

folloved by cyel c Correlations were calculated

between the parents' refractions and that of the offspring in 41 family

B

7
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¢

units (197 subjects) as well as amongst siblings\ Myopia was considercd

as belng of'-0.25 D, or more (equivalent sphere). .The parent offspring

élations vere not significaptly different from zero, while the '
sibling correlations were high and sigalficant, Table 51 presents the

results. .

fTable 51, Partial correlations (removing age effects) between
right eye refractions: of parents and children
(Eskcinos in'Alaska) (adapted from Young, 1969)

.Groups . N (pairs) Partial ¥
Father-son’ ' 59" 0.22.
Fathef-daughter - 56 0.11
Fathér-childfen ©ous AT
Yother-son ¢ 59 0.16.
Mother-daughter & 56 0,08
Motherrchildren us 012

* Brother-brother 52 0.12 .
Sister-sister 3% }0 0.72%% )
. Brother-sister w0 ouas

* Significance - * 5%

Baps o S aag Sk oa

-Keller (1973) studied 200 visually selected families from his

clinical files. He reported a greater influence of the motlier than the

father on the refraction of the with the gl

correlation’ bemg g:ezu:eg -than the father:

n, a finding opposite to

tlwt of Young (1969) lele 51) . .
Alsbirk (1975) studied spheticnl reftecthn Hrhit Vst G(eenland
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Eskimos. Subj ons were ; the subjects, aged 15
ox aver, numbered over 500 (93% of the populatioh). He reported the

typical " curve, iie. and skewed to

the minus side. The hush ife of on was essen-

tially zero. Parent-offspring regression based on 159 family units was
relatively lw,l:ompare’d to the sibling correlation,

Table 52. Eamuy resenbiance of refractive error (from
Alsbirk, 1978)

" Husband-wife . Childiparent  Sib-sib
g ¥ y - i palr
s £eic lati
Refractive error 0.03. ' . 0.07 0.25 -
Standard errgr of estimates 0.10 0.08 0.07
* No. of pairs examined ' 108 159 160

A¥ analyses based on age and sex independent deviation scores.

5 ) : .
Young and Leary (1972) examined 71 Alaskan Eskimo families,'of

Which 30 wee first generation (grandparents), and 0 verc ‘second

ganerntinn (parents) with a tntal of 158 genetic chilcy.'en involved, 127

males and 131 females. 3 ®

In the tami pnpuhtlonmf 258 ohildren: ‘n the, Young and Leary

< (1972) frudy, 38 (16,77) vee wore hyperopic than either nf. the paresits;
83 (32 27) vere within »zs D of one or both parepta; and 137 (3. 12)

were more myopie than eir_het parent.. - This disparity vas ‘taken to indi-
cate’ €hat some factor other glun hgrsd!(y wag acing on the offspring's

£ rele:(ionu.

% S ik > . 0 :
* The mesn vertical ocular refraction of the mothets was +1.4 D. The

R v G g g
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< ¥ g . B
| children wereralmost’ 1.0 D. more myopic.than the parents, with-the girls

0.25'D. more myopic than the boys., | - ol .
Partial porrelatians (age effect. removed) for fnthet—childr:n was
0. lZ and non—-significan: while fevmther—children was 0.34 and slgnl—

X " ficant az .01, W L i &

A . In four'of these families, with fct/male and 7 female childten,

there was, a'mid-parent ‘refractive error of +3 D. and sbote. " Vhen these

were excluded; the partial motHer-children cnrrelatmn dtopped to 0. 19;

E the father-children<partial correlation to 0,03, with the average .
% 4 7 ! » :
P g Partigl chirelatign 't0.0. 11,% Thig. gives some sypport
: to an earlier assﬂmm by Hifsch (§9B4) chat high hyperopic paredts

will produce high l\ypernplc children.

also repnrt,  forl 1866 randomly selegred control subjects, the fouaumg

corielations for refraction buueengen:s and offspring:

B ' Mother-daughter R . 08
¥ o~ Mother-son " ‘.‘ ’ a8
> 7. ¢ Father-daughter : 12 Lt £ %
£ - 2 8
Yo Father-son. w7 JU5

e / . Comments . ot .

These £amily A[udies :eyurt, fc: 'the most. part, corulauann. High

iumlliil mrxeh:&ens do nct necessurﬂy 1ndiclte an he\'edl!ary compo-

3

[P nent._ mﬁanatim, and 1uu “cortelations dc nét pm:lude substantial |
i :
% heredxtary variation. T 1w correlnuon may !ndlcate r.lmr.\neitller
i
VB a geneeu A environmertal fal:r.u(s are i.nilugnnal, or that  substantial

T effec(:s ue nthe ‘esemblances of relatives.~ The

Hegnann eg(ul (wn), ina study” prlmarily concerned uuh strabisms,
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studles of Yousg et al (1959). on Alaskan Eskiuds, and Alsbirk (1978) on
v Greenland Eskinds found; a n}user L sibs than betwéen
parents and children in refraction; and Alsbirk demnstruted an absence
of reaembl,anr:e in refraction between parents. Hirsch and Ditmars (l959)

X reported that low myopia and high myopia probably have different causa-

tive mechaniems, based on the 4 of Ditmate” /1967 study. Their
conclusions agreed with the views of ‘Goldschmidt (1968) who asserted
‘ ghat‘ imémdity 1s probably rore of a deterninant in higher A;guu, of .’
myopia, while, in lower mapin'h;redicy plays a lesser or non-existent
o part. I .;lay be remarked that this 'p'ntt;m 16 atsd compatible with * '

nultifactorinl 1nh!ril:aﬂce. for which sevetity of defect is exyec:ed to

7 assucinted with a greater frgquam‘.y 5f ‘affected among relativés’
¥ (Cnr:e:, 1969) - ol g .
i B Yy Statistical examlnatiun of the resenb].am:es of relatives is the .

o method of choige for & ing genatic £ The

snnoth‘ continuous distribution suggests a metric rather-than a qual-

I Seative approach. The- Digptre scale of rafraction 1a Tinear;. increnéats:

of 1 D..in correcting lems pover mcvlng the. focal point lbouz one third

v of a millimatte tovard or .away. from thé retina. Hitach's (1962) Eimling .

that persons often change fm. ‘nyperopia to emetrovia or “from emet~

- mpn o myopia, upon 4nitial r nitigatés against
" qlt\alitltivg analysis 45 “does; this’ des nat; of strong correlatis iy
| ) of niearwork and|vefraction. e LU PR
Ly o relation’ and regres Cethntaves appifed to

Y. between, rela ‘are 11y destgned for iuating metric data.

A genetlc scheme of annlylis (p: 157) allows at leastfin l’.haury Che

disr_inguiuhing of mjor gene and emvironnental euecu uuing these .

ami ‘other cor :nn be s:ar_istically adjnsl:cd
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", sizes (Falconer, 1963),

_ investigation in ocular refraction and near work,

I ‘vere estimated following Osboime and Patefson (1952):
: e S e e T S
; : 7 Y
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PERSONAL INVESTIGATION IV

FAMILY RESEMBLANCES IN REFRACTION

Adws © : -

The analyses mow reported were undertaken.to deteymine the resem-
. b e
b‘l.am:es betweén first degree relatives in the population of the present

Nethads
“The basic data veds the, measfired reirncti?ns for each. individual.

~ram11y relationshifs in the population were Eaionled S pack og \the

larger West Coast Health Survey (Marshall, 1975). !

The individial valués used in the calculations for tesenblances

latives were residual (RFC in

betyeen first degree
tablas), campu:ed as follous' In each of the four age 1ntervels,

to the four divisi of the ic '/ curve ‘(see pp.

142) refractions were regressed upon age; sex, height, education,
and near work, o refiove in sequence the yarfation in individual values
(nribu:able to these 1influences, and thereby, gain a truer estimate of
individual setbaneion: N ; ;o o
The 4ntraclass correlitions of spouses was examined for levidence

g )emuuu'

of ta mating or pi
of stb resemblance, vere ‘derived by. intraclase correlation (Sokal and
degree of similarity -

Rohlf, 1969, pp- . zns—zla) vhich expresses tlle
b-men 61bs as ths percentage of vnlance whtel can be attributed to
umbenhip of such ‘a group (within group va:i.nncs) This method has

the advantage of allguing proper uefghting "for stbhipsiof different

Standattt errors of :hau inc:lclubs cun’alnr_\ons




i
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The resenblance of offspring to parents was evaluated by the

“-weighted regression method of Falconer (1963), again taking account
of unequal family size.. Presentation of the numbers, and of standard

errors and/or significarice levels, allows appraisal of the confidence

which may be accorded to the correlation and regression statistics.

Results - ‘

able 53 presents. husband intraclass Lati in age

intervals.
’, o i
Table 53. intracldss (xg) of RFCY
for complete data, indicating numbers of pairs in
‘* each age growp. |
no. pairs kS significance
Complete Data: - _ m -0.1113 2 ns, N
Age: 15-30 . | 1 0.0698 n.s.
30-45 33 . -0.2716 .5,
45+ 38 -0.1423 . n.e. h

There were no significant correlations in age intervals, of for
_'the total material. Thus there is mo indication of assortative mating
for refraction or of a:trend toward increasing resemblance of spouse

after marriage. i

4

Farent-of for residual were caleu-

“Lated for- the daterial aa a wlmle, without regard to oge, and are. pre-

sented in Table. 56 ; - . =]
" ..It may be seen from Table 54, that the Tike-sex regrenian valus

are i!.nillr and significant, uhi.la the uppuiitu sex’ Vll!las are lower

- and non-sigaificant.
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Table 54. Pazent—nf(spxmg regressions for RFC for the total
- 919 pairs)

population (n

n (pairs)

177
188
267

287

b

Complete Data:
Father-son 0.205%
Fa:her-daught“,er . 0.135
Hother-son . 0.006
m:heg-daughzer 0.217%%%

* .05
*hx Q0L

As described; data were groupéd imto four age intervals to inves—

tigate age and secular trénds in refraction.

1

I\egressions of parents on

" offspring were calchlated for eftspung in each of thesé aze intervals.

Table 55. Pamn:—offsprsng regression coefficients for RFG

by four age groups

Age (offepring): ' S-l4  SE” 15-29 B 30-46  SE
* “Fathor-son b 0212 155 0.251% .07 0.243 .20
b . ©8) “(60) a5)"
. Father-daughter b 0.002 . .16 ‘0.2166 .13 0 0,078 .i3
a0 a9 e
' Mothes-son b, .-0.053.. .06 0.174 087 -0.i82 :210
: | AL (158) (68) (26) .
: m;ﬁé-d.u;mu b 0120 .10 0.417%%% 078 0.061 .076
s (m) 3 (109)

(40)

anlze.rs in hrackets ake nunlfers of paits

Significancds: & .05 ;

** 01
2o T 0oL
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From Table 56 it is seen that the only age group showing statisti-
cally significant resemblances is the 15 to 29 year interval. Those
between the ages of 5 and 14, and 30 and 44 show no significant resen-
blance in residual refraction ‘to their parents.  The number of pairs in
the 30 to 44 age fnterval is relatively spall. '(Values in age 45 aid

Gver are not presented as thete.arh few or no parent-offspring pairs in

the material.)

Sib-sib Relationships

z
-The intraclass correlations for sibships by age interval are pre=

sented in Table 56.

Table 56. - Intraclads correlations for RFC for sibs, by ages

: % variance "n SE .
Complete Data: ' .~ ' 0,2195%% 180 205
: Ages: - 5-14 0.1803%%- . 85" ] 07
15-29 S s Coose e )
30-44 - -0.0708 TR 13
Cast © 0.38626% w0 o

Significances: ¥ .05
Ny *% -,01

It can be seen from Table 56 that resemblances between sibs for

refraction are quite significant; except in the 30 to 44 age fnterval,

vhere observations are relatively few. In the population as a vhole,

sib-ath correl: and p ; are ‘quité similar,"

with the ex ong| of the --son " comparison, gnd that of sibs. aged

30- to bhe,




O T R B e refractioy,
{ntraclass correlations vere obtatned for male and. female’ sib-palrs; :
sepatately. fable 57 presents the results, - > 53

The resemblance bétveen sibs appears to be due, primarily to the
resenblance hetwegn sisters (Table 57). Vlues for resemblance betwein
brothers are nonYsignificant dnd erracic, and therefore dLEFicult to

. .
interpret.

Comments *
As.in the studles of Young (1969). ard'Algbirk (1978), the bushands
ind vtves 1n this pipilarion’ shovied ‘no’ sinilarity to each other in

refraction, while sibs and parents and offspring showed a moderate

resemblancé‘ Young (1958, 1969) fuulid that sisters were more alike ;:l‘un

brothers in xefractlan and this was seen in the present investiy\.lnn.

Hovever, in Alsbirk's (197a) material biothers were somewhat more alike

than sisters. :

The farher—child mamez»chud Findings were lm:onsistent with

other. studies. ‘lu\mg (1969) tepurud father-son and mother-son msem— o
blances. to be greater ‘than fflt\mr—dlughlet. mother-daughter usamhlmces,‘
while Hegnamn et al (1974) reported mothet-son ze:iemuaqces to be i.z(;er

t‘han the others. 'In this 1 1 !nh‘llk:—sex ef vexa fouml

to, be stmnger “than- unlike-sex resemblunces with essentially no mnther—

son !eszmblﬂnce indicated. i

Eegrassim: coefficients, for !'e!ldual reftu:r.lms V!tveen pa:em:s

and ‘otspring for the total populatica, and for three lge grows, mu-

, 4
ca;ed this variance to, be in the, nexghharhnnd' of 201, 1n agreemgnt vir.h

prevlnus studl:s. Present results give less xmﬂnation than those of
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None of the values achieved stltistic&l signi‘{icanne: There is no
1\1dil:atim| that' spouses xeaemble[or come Cp« rzsemble one another in mear
wox-k and there is no indicatlon oE assortative mati.ng.

Table 59 presents, for the total population of 919 pairs, parent-

offspring regressions for near work.

Table 59. £ RNW for p - ag, total

v pupular_ion = 919 pairs
b st " (paitra) ;
Compléte Data: - .
Father-son . . 0.134% .065 177
Father-daughtey . 0.164% ‘<§7 A 188
Mother-son . - 0.121%% .Dsj X 267
Yother-daughter . 0.163%% .051 v 287 :

Table 59 indjcates that the regressions of children on parents are
l!.llillr and significant in each sex I:Dmbinatlnn, and considerably larger
than, husband—wife correlations (Tahle SB) L4 !

" Intraclass correlations of aibe e A were calculated, as

were intraclass cerrélations for the patents of the sibshxps :ansirxemd/

*Table 60 yruenta the resilts for' the witie material.

‘Tahie 60. sibahLF m:mcluss mnrelazian. and intraclass X
correlation of parents for ‘near wor]

Intraclass correlation - IAtraclass correlation
(sib-sib) (parents of sibs)

Complete Data: 0.1237%% -0.1001

o (pairs) 177 11

Significance: ** .01



Comment . 5 .

Ovirall, the correlation of aibs (Tabte 60) s litele different
fron the parent-offspring regressions (Table 59). The overall husband-
wife.correlation and that for the actual parents of the aibs (Table 60) .-
is hegative. Thus in this ‘material it is seen that sibs come to resemble *

i " their parents and each other in asie work habits to a moderate degree,
while ché parents themselves.do x&o: cone to resemble each other.' ® If o

. meat’ work habits addieivély influence reffaction; near work s an aspect

of common faniltal environment could indeed fnElate estinates of the -+ |
o . genetic’ component in variation in refraction. ~ s gl s
T - E

“"The data were broken down into agé groups in order o determine if

. 61 presents results nrnmged vy age group of pn!em’.—nffsprmg regres—

slons and for aib-sib :nt:ehtlnns -

* * - there is any imporcant secular effect in néat work resembionces’ ' Tabie' N !

e, From examivation of Table 61; —— “Pindings emerge. Parent- "

offspring resenblances are greater in higher age groups, while sibs

§ resemble each other more in younger age ‘groups. This suggests that

'younger persons resemble their sibs injnear work habits, while dlder

persons retain their parents' near work habits’to a preater-extent. By

sexes, girls: and women resemble thei¥ parents more than b&ya and menﬁn A
near work patt: The 1 ot young girls to r_heir

i - U

f mothers in' a relatively large sub grup pmmp:u examination of uhether s

i sisters resembled each other mﬂzeg than lmnha; . Re}ults are presented
p B in Table 62. . . = % N
e “Table 62 shovs statistical significance is achieved only 1, the

slater-siater relationships fnr nedr work in the wmple:e data and’for . 3
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is Apptoxlmar.e].y 0. 10. It will e recalled that in lele 57 1:‘ was . f

$ demonstrated that the refractions were more sinilar in alste(q ‘than in

brothers. ¥ HAE TN i o
: s o

“ Given the ‘previously demons:mzed effect of near ‘work on xefrnctirm,.
the similuxlty found between sis:ers in near: work’ enhances lhe panl—
bility that résemblances: in'near work habits may contribute t,a/f rgiiul

slmi\dties in refraction, particularly for females,
i 7

Discussion

s This investigation Has produced several intéresting £indings and

haé confirmed several others. These are’ summarized and compared with
%, AcL08

other s[udies in Table 63.

Frst, no sinilarity. betheen husbands and‘wives in refraction has
been found where ‘invesfigated, mor has any similarity in near work
megsures béen found in the present population. ‘Assortative weting with
regpect to refraction and near vork habits is thus not indicated, bue. .

since few studies of thistpoint have been completed, generalization to

a1 human groups "1a precluded:

Second, the patent-offapring simflarities in refraction are greater,
across all studies, than are husband-ui fe. stnilatitics. In this tnves-
3 5
tigation parent-offspring regressions were calculated for each parent-

child relationship separately, shoving this ‘trend, but ‘also indicating

" greater similarity bemnen fathe:s And sons and betvaen mnthers and

daughters.. This ﬂnding uf like-sex aimilatity being stronger r.l\an

opposite sex is'not consistert with resylts of other studies, but the

“ other studids are not cunslstent among. themselves, 6 no conclusiuns can

be drawn as to relative strengths of the different parent-offspring.

. resemblances.
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Tmrd in :Mn 1nvestightlnn, similarity 4 refnc:ion among’ sibs

t equal to that o parents and offspring. Resemblances among

is nb.
sibs result primarily from ‘gtgatex resemblances in refraction between
sisters. This is in contrast to pu\luus Studied-tovitia ghester: vesse
blances between sibs ‘conpared to thode of offspring’ to \pnreﬂts‘in the

present: fnvestigation, and may reflect adjustment;of values for ‘education

% ami near wotk done 1n chla lnvestigatlon, hul‘ not by other:workers. -0f

interest alsu is ‘the; same trend in"resemblances” n neat work.

Fourth, ‘dn near’work pattems, sib-sib sinilarities are about the
sane as all parent-nffsptlng rélattonships. - Fant1al resemblances £ ®
near vork are, consistent With the possibility that the effects of near
vork. can inflate: fani1ial resenblances in refraction. .

There are majot differences {n educational and near vork pattems
in several populations in which famiital resemblances in refraction have

been investigated. In the Alaskan Eskimo material (Young, 1969), and in -
i ; ) i

the material in this investigation, young children received far more
. i T

£nm.!1 education than théir parents. Young (1969) finds a large differ—

ence between P and sib-sib - res: 4n 5.

the present study does noc. An e:o&omical explanal:iun s thnt the pre-_
sent investigation adjusted zefraction f6r education and near work,
Vuhﬂ.a lellg did not, thus ohvlating the statistical efiects of the -
educational change.\ “Both Séreby's 1966 study”and Alsbirk's 1978 atudy
oL el e cducation is more stable, yet differences between

and sib-stb b1 were seen. in the absence

P

of 'da:a on the stability of educational-practices und near votk hlbits

in the populations of. those two studies, it can be postulated that these

influericed refraction less for.the parents.  This lack of information
% ]

y



material to be some dAEfarem:e An rz(mctmn and near wntk simuamzus
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R concluston that inéredsing near :ork related to.modemn
educatiun is 1m:rtasing the resemblances nf !ﬂ)! in «tefractinn.

The influence of [near work patterns a younger ages, whien refraction
is more amenable to change 1is'indicated hy gxamining the resemblances X

of relatives in the severnl age intcrvals. There appears in the present

in males dnd femles. Sisters xeaemblc ‘each other in, refraction and in

near work, except for the 30" to 44 age interval, and girls resemble

fhetr mothers i near uurk especially n the'S to 14 age 1nterv.u1. while
they “also resemble Slekr moitinte lnbefinerion most B Lthe 15 to 2 age
interval. Brothers gesemble one another 1itt1e 1h near ¢ work and nogzak

a1l in refraction. Daughtérs resemble their fathers more in ‘refraction .
and acar vork. thah séns resemblé their hothers.  Sons. do’ however reseigle
i 5 ? ; a.e

their fathers to'a moderate degree in refrdction. It was demonstrated W
earlier-that females do more néar work in this population than'males,

especially in the.5 to 14 age’ tnterval. _

Al of these nbégwu;ﬂnns are compatible with a near work 'effe::
in ‘the. developing years, not removed by statistical manipulation of the
raw data, increasing resemblances of females’ in refraction towards more
mylapi: refractions. [If this 1" the case, the father-son Tegressions on
the order of .20.t6 25, ate gaod pedoures of genetic variation n

reir.m::i:m elth sehonl sasoitated near worl) 1n£1uences excluded. , Vhen /\

near work effects are’ not. adjuszed out, the -genetic compouen[ in the

tocal reftaction variation way be Yelatively smaller than present i
ﬂndings suggest. 5 £ E e Y 8
5 - e ) B
{ The resemblaices [of £1rst degree relatives indicate: that the here- ° - v

dity component in refraction variance is substantial, though substan—

L IR |
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* tially less’then would be expected f refraction vere completelyunder,
addicive genetic control." Evidenie has been presented for the influence’

of near wotk on refraction. '
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Chapter VII . -

" PERSONALITY AND REFRACTION

Introduction .

/Several studtes cited in C}.apm‘S repoxted a relationship between
tritel1gence, schiool srades, shd’ refrdieion (irlxach, 1959; Groaverior’,
1970; Young, 1955). This pregent, study also demonstrﬂted that refraction’
is related to Edwcatim\ and nesr work. ‘There have béen n‘bse!vations as *
vell by nlinidan‘s and researchers, that myopes had differdnt parsonal~

_ities from non-myopes. TIn-light of lhese previoys studies apd’ observa-

. tions, this investigdtion was designed to study previously reported

e vtion!h!ps betw\een refraction and personality.

Previous Studies e e

The myope vas teported to be in(ravexted, shy, with few friends,

" and vho disliked outdobr activities, by Thorington (asd6. Introversion
in myopes was reported by vGould» (1918) ,, who also labelled. the myope as
bedng meticulous, egotistisa1, dogmatic and Cetu eALS “Thase. FapeTER
were malnly anccdotal fn nature, based'on personal clinical observations.,

: Godard (1927) o the one hand ssserted that myopia influenced
personality at'a ténder ageé, when réfractive s:e;e changes, “and ‘on. the

', other hand that personality chnricterlsticn‘ start before the m;set of
ayopia.  These two statements are difficult to reconcile. According to

“his e, oL 56 atfected by hedring, touch, 'md'hererizzy; the refrac-
tive state influences artistic state, moral temperament and behavior.

&dazd'yant o8 to describe the myope and hyperopa in aseistic ‘and psycho-
P
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logical :em,\'wmu. a5 aven e adutited, cavaot itand thet teat of
statistical analysis. : g ’ o
"Rice (1930) also described che myope’and hyperope in psychological
terms. Basicsuy, the W}'Dpe is described -!5 an introverted, f{imdl!il
< student because it is eAsiez ‘for him to be one. ., 3 %
" Introversion of nyopes was also asserted by Pmaritel (HAJ),
Dunbar (1947), and Gesell (1947)¢ Henderson (1934) claims that myopes
) were.introspectlve and sedentary.’ i g
A study on Lhe‘influence_ of tha ‘narvous systew on myopis vas con~
ducted by Harrington (1947); who found a ciliary spnsl;l, associated with
empnon.él disturbances, in myopes up to 2,00 S. Ta g T
! Dobaon - (1949)’ examined 16 aubje@u ustug cocatne homatropine as =
-\cycloplegln. e described the effect of the parasyupathetic ‘necrvous

system on accommodation. ' He asserted. that emotional disturbances caused

visual rd and that pi a led to myopia, He did

.
not take hy'peropia into account,

Hoxe recent stud:les have ‘utilized various pexsunalll:y tests in an

aztemy: to put i ¢ of the rel 6f the s ty to,
Jefrac:&on on a firmer basis. : %

Schiapero and Hirsch (1952) used.the Guildford-Martin ’l‘empement‘
Test .on 119 aptmletry students, and found myopes to be mor= inhibited,

“with excessivé control. over :heir enotions, ' Myopes also displayul

inertness and a disim:linntian for motor actlvity, but were more inclined

to"social 1 -anmevh-c tradictory finding.

Schultf (1960) ; mng the Cornell: Index of Neuroticism, found
hypexopic uhiversity students were more neurotic'than @yapes.

" Van Alphen (1952) used the Rorshach Test on 77 myopic amd 100 .




" college males. ' He p no X

% i ¢ N - :
hyperopic males, all about gged 20 years, in junior nollege. Hg found. .

myopes o be more compulsive, - less u:msca« in detatls, not ulf—

critical, not as accurat more nmhi.:iuu! bolder thinkers, more capable

of mental isolation, moré influenced by depressions, mofe scientffic, -, '

theoretfcal, and thought more.abstractedly, compared to hyperopes.,

wards Pemona; Preference Schedule, a

“Young/ (1967) used the E

forced choice test in whl::h the lubject scores valued behaviors, on 100

his

xnfnmanon from a questionnaire.
He found myopes and hyperopes to score the same infour variables:

autonomy, usﬁumon, nurtyrance, ‘and endirance. Myopes scored higher

ion; ¢ 1iey;.

in ach

andaggression) while hyperopes scored higher in deference; order; ~. i

exhibitionism; doninance; and change. . - -
The only statisr.tl:ally significant flmilngg vere elevated abasemenr.
for the myope, and e!.evated exhibitionism and dnminnm:e £og the hyperope.
The ‘results of thls study seém to agree basically. with the! anecdotal
chuerva:lm\s of Rice andothers. Young assexts that because, from the -
psychologist's point: of view, parsonality is datemined in the first

flve e of life, and rei:ncu.ve error doen not becom e‘d.dem'. ‘uneil

th: ages of 9'of 10, personality hist have hore effect on refrnr,:ion W

than vice versa.

. Comen s g

. The s;udies xevieued either :eported clﬂnical observatious, of.yare .

. studénts, about the age of 20 years: - No study'reported on female

e

*.. fvestigations of rither linited material, usually:male, university




* paychological characteristics,and noné investigated samples or populas,

“t{ons “&;ela‘e‘na £or vigfon or éducation. . In'the studies on bniversity
T aridedte iohe Seooren, of Wlicatio were mot taken into Sccount, although
<31t was ‘shown earlier that educational level is correlated with réfrad-. |
tion, .. education could affect the résults, ' £

Young '(1967) poses the guestion of hheche‘ personality atfects e

Fefraction, of whether the reverse is true, a question raiued by other ¢
B s - investigarors, viz. Dﬂbsnn (wz7) and Rice (1§30). Genérally, persmk

plogists agree that pzrsnnall:y chazacteristics energe” very early in

> ‘the rlevelnpmm‘. of the child. Tt was also, shown earlier that refnc:inn

m. uX m dul\ge at about the age of @ to. 11 (H&rsc\\ o523 sm;\m -~

It ioum seem therefore,’, ﬁmt 'if personality. and refraction, are

!n:ercounec‘;ed, Pi{rsonnli:y weuld have an effect on »retr.cdnn.

o .  Erom the uzmmmsuweyzd u;/.ppg.uea that the most likely ~

petsonallty isct.ors to be involved in refraction werc introversion=

e A extraversiod.' ' © o : 1

; E Attempte to categorizd tndividuals in everyday 1ife by association .

" or. by interview are genernly too subjective and at the mgrcy of the
K}

abservzr s implessio‘ns. 4id blases. In an attempt to reduce the subjec-.

:1ve asnenments, methods have been devised ‘of claasiﬁyxng penplz

according to Ltalts nnd ty.ye f ofF % 2 . - TR

By using factor unalynis the thous:mds of adjectival terms used to

gescrib({naxudnna have been ‘reduced. to' basic cancepts. Ca:z:ll

- (1965 for example “produced 16 relatively homogeneous (and usully ind

pegdenlz) persoﬂallty factors, uhxnh aocnunl: for the mten—elu:imships .




e A g

between the descriptive variablés.’ This is'essentially a multivariate,
g ! . T v

“intercorrelational approach, . . . .l -

the“factor analytical method to'reduce the

Ejsenck (1968)- also usey

de‘;&ptive;\:emﬂ to just two factors, thén developed the Eys&n:ic' Person-

ity Tnventory (EPD)‘as @ short velisble questionmaire to measure these

personality ‘factors. The EPT consists a[ 2% questions zela:ed to Extra-

" “version-Introversion, and 24 talqtgd to Néuroticism. It also inclides

a built in LIE scale’consisting of nine'items), which measures the respon-

dent's esponise &et, or desire.to "fake good:"' The EPI'has two parallel

!'forms-alloving for test-retest with o mppliczl’.luns that could arise

from memory. - :
The test is self-adrinistered and the subject is asked to ansver '

YES of NO to-each of the.57 questions, The scofing is standard and

".objective. The wording is clatmed £ be easily underdtood by pe'znons

‘o low intelligence  and/or Hitele education. < -
By Eysgnak"" defihlr.ien,

The typical exiravert fa‘sociable, 1ikss parties, has many *
friends, needs to_have peoplé $o'talk to, and does not-like .
réading or studyihg by himself{ 'He craves excitement, takes .
chances, often sticks his neck out, acts on the spur-of the
" moment and is generally an impulsive individual. He is fond
of practical jokes, always has a ready answer, and generally
! likes cﬁmge He is carefrea,,easygnlng, optimistic, and *
. likes to 'lagh and be meiry.' .He prefers to keep moving
_». ‘and doing thirigs, tends to be aggressive and to-lose his
. temper quickly. Hid feelings are not kept undet tight con-
“trol, and he ismot-alvays'a reliable person.

The, typical dntrovért’is a quiet, retiring sort of persom, -  :
-.introspective, fond of books rather than people; he is .
reserved and distant except to ‘intimate friends. He tends
to plan‘ahead, 'looks before he leaps,'.and distrusts the
impulse of the moment.. He does mot-like excitement, takes’
matters of everyday life.with proper.seriousness, and iikes
a, vell-ofdered mode of 1ife. He keeps-his feelings under
close control, seldom behaves in'an aggressive mamer, and

PTG RN )
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does mot ‘lose his temper easily. He is reliable, somewhat

pessimistic, and places great value on ethical standards.

vext.

display a mmure of these’ character:

High Neuroticisn scores arc indicative of émotional lability
and overreactivity.- High scoring individuals tend. to b
emotionally overresponsive and to have difficulties in
returning to a normal state after emotional experiences.
Such “individuals frequently complain of vague somatic upsets
of a minor kind, such as headaches, digestive troubles, '
insomnia, backaches, ete., and also report many worries,
anxieties, and other disagreeable emotional feelings. -Such
individuals are predisposed to develop neurotic disorders
under stress, but'such predispositions should not be con-
fused with actual meurotic breakdown; a person may have high
scores on N while yet functioning adequatdly in work, ‘sex,
fanily, and society. sphieres.

The; above descriptions’ refer to. the "typical" extravert or ‘intro-

Most people will lie somewhere between ‘these extremes and ‘will

ics. In essetice the Extraversion

S TapsemEa eontinuum fron the extreme Extravert (high E scores)

to the extreme introvert (Tovw E scores). Similarly the Neuroticism

scale reflects a continuum from extreme ‘neuroticism (high N scores) to

extreme stability (low N scores.) v

Reliability of the EPI . . ;

The EPI scales were originally constructed in England, and stan-

daréfzed on 3000 sybjects hraun fron vartous elesses of soctety. The

test-retest reliability studiéd on two groups of normal English subjects
! \

demon:

Tds hi

»

Rélationships Between the Scales : -

indep

strated correlations of 0.80 to 0.97.° This level of.reliability

gher than for most tests of personality.

Extraversion and Neuroticism are considered to be uncorrelated and

ehdent dimensions of parsonality. The scales Were tested o

Normals, Neum:xcs. and Psychotics, and the absence o correlation

i
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between E scores and N scores was conimed,
. The BPT has a Lie Sedle uile in to the 57 questions uhich 1a
"designed to measure the degree to which the subject's "response set” is

Many subjects attempt to answer questions in

affecting his answers.
order to please the E:(aminer, 17e."to "fake,good." )

Tor subjets up to ‘and including.the dge of 16, Eyesnck (1963)
deveToped the Juntor BPT, which comsists of 2 items relating to'E, 24
relating to N, and 12 on'the L scale.

As.an {nstrument for individual clinical di‘.?gnosis, this inventory
1s not widely used. However it has heén extensively used in surveys and
in clinteal trials where a shorc, reliable neasure of personality is | ¥

required n a group of subjects, In this investigation it permitted the

features'of personality to be treated as continuous variables to be

related to reftncr.ion. /

' Physique, Persondlity and Refraction

The, idea that physical mor, [hology could affect pexsonality.has ‘been
held for a dong tiie and can be) craced imk t6 Hippocrates’ Glovbray and’
n}:ager, 1975), Contemporary wprk on this copic leans'heavily on the
1nve5t1gation of Sheldon '(1940) w-ho f'(ém factor analysis nf physical
wensurements on & large wibér of snhjhc:\ isolated three major compo-

nents of physique:
on the digestive systém (fat/

, more

Megonorphy,. hard, £irm, strong, and sturdy (miscle’ predomiriant);

Ectomorphy, fiore fragile, linear, with a flat chest and more deli- .

cate (bome predominait). .

i : " i
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In-hia systém, ‘sach of these three components-was graded on a scale
from 1 to 7, 5o that each person could he allotted a composite score.
For instance, ‘a true ectomorph vould be 7-1-1 on his scale. —'
In addition to Ehis. sematotyping, thiea taits of temperament were

similarly found. from ratings of the pevscnal characteristics of, the

o
Ssubjects. These temperamentul traits were labelled: -

Viscerotonia (aniability, love of confort);
Somatatonia-(assertiveness, competitiveness);
Cerebfotonta (social inhibition, restraint). :
Again'a composite: score on thesc components of temperament. could -
dérived such that the éxtreme Viscerotonic would be denotedas 7-1-1.
Sheldbn found sigaificant positive correlations betyeen the primary
components of physique B temperament, such that- endomorphs si.{:_ugd

1 i

and c ;tins. While
there a:e doubts- about hig methods, Sheldon's work has.stimulated a
great deal of interest ‘dn the'role Of physical constitution.

Eysenck (1968), Eysenck and Rees’ (1965) have demonayrutil iesimes
lation ‘botween physique and neurot‘i.cisln such that heurotics are more
“leptomorphic (call and 1eﬁn)f Rees (1950) demonstrated that amongst-

women,. hysterics were more eurxmarphit (short and fat), dysthemics were

wore and’ the more subjects were more severely

neurotic. This means that the dysthemic (as defined by Eylenck as a

neurotic ). 1s ‘generally 1 while the.normal extra-

- vert will be generally i These 1izations agree in -

substance with the: findings of Sheldon, but they.are only-generaliza-

-tions. 7 i B2 -

8
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% Anong studies relating refraction to \mdy'buud. Incze (1929) found
ti}m: of 188 myopes, 72% were asthenic Yleptomorphic), and-Crisp (1936)

using 1

found mote anong pykates
(emiumarph!)‘, and more myopes andng leptosones (ectomorrhs), while
Horgan (1956) using androgynous measures, found male myopes ' to be
slightly more’ hypernasculine. )
*Thesh fou studtes seem to imply that myopes tend tobe thimner and
taller, and hyperopes to be fatter and shorter in physique. On the
basis of & relationship with pergonality, this would conform to the

Expectstlon of the myope_as introverted.
. .
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: E REFRACTION AND PERSONALITY

Tnis investigation was' designed to evaluate the rélationship

between and & by the EPI), and physique’

(measured by the Bady Mass Index).

Methods

For.adulta (those ovek the age of sixteed), the Bysénck Personality
Inventory, Form A was used. - Three hundred thirty-six females and 232
walenvess ableto dohplete the Gasty Por those From the age ok S fo 16
in:l‘uai‘va’ fhe Junior EPI was used; 162 females and 178 males were able
£6 complete’ the test. 5

The bréakdown .of completed EPI tests is shown in Table 64.
; i

Table. 64. - Numbei of completed EPI tests by age and sex

Female Male ¢ o Fu el

age 5-16, 162 1 178,
17+ 136 232
Totals . 498 410 ) 908

Of the 957 subjects in the study, 49 were uisble to complete the
EPT, éither because' of age or illiteracy.  Though some illiterates were
assisted in ansvering the questions, there were' some who “could not
complete the task even with this Help.




Comparability of EPI Results ..

To first assess the comparability of EPI results, the.'distribution

. of scores on.the EPT were compared to those derived from large scale
studies in the United Kingdom and the United States.
Teble 65 presents means and standard deviations for the senior

wlation, regardless of sex for E, N, and L, compared to results for

1003' Anerican college’ students, and to a sample of 1931 of the normal
United Kingdom population. (Eysenck: and Eysenck, 1968). ’
Table 65.. Comparison of“E,”N, L scores in this study to two

sample norm populations of American college
students and a normal population

Mean-~ Mean Mean

- ¥ . EC SD X _§D.'L SD .n 'male/female’

‘American :ullex:e , 13.1 4.1 10.9 4.7+ 3.8. 1.7 1003
Normal population 12.1 4.4 - 930 4.8 © 1931 1055/876
This study © U 11.91 4.5 11,60 4.6 4.52 1.8 . 368 232/336

From Table 65, it can be seen that in nhevuudy‘puéuhctm the mean
N'scores' are higher than Both B g (P "
1s higher than . In the college: sample. Eysmd?; (1968) - found L scorés
_tended to be higher in pedple with lower 1Q. | -~ ) 4
To ascertain that the scores in this investigation were mot signi-

ficantly different from the reported standards, the effects of age were

examined. ‘As pointed out by Eysenck and. Eysenck (1968), the morms for

any group should be treated with caution, especially when used for .com-

parison. L

19
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Age Adjustmenl: # hi% ‘ﬁ\:ﬂ#
i E, N, dnd L scores were found‘ t? be c?rtﬁla[ed with age in em;h
Before

sex on both'the Junior and Senior EPI scales for this.population.
further analysis, the éffect of age was regressed out of -the E, N, and
L scores, using a separate regression for each scale, score, and sex

combination, The agé adjusted scores are’ labelled, ERA, NRA, LRA in. the

tables, with results presented in Table 66.

Table 66.. ERA, NRA, LRA scores for total population. (n=908)

ERA © NRA LRA
wean - - .13.280 11.478 4.594
sp 3.718 5.271 2013

When age is accounted for an increase in the mean E score occurs.
These. age adjyayed scores trtente el e fudi acoreunean Dhin, poptas
tion are very similar fo those reported as morms by thé authors of 'the

test.  Eysenck and Eysenck (1968) presented a graphic demonstration of

selected groups on the two dimensions of the EPT, E and N, for Form A
Of the test. The 568 adults'of this dnvestigation would be pliged

slightly to the left of the dividing line for the E scale, and on the

neurotic side of the N scale, the position marked with an X in. Figire 19.

The relationship between personality ‘tests and refraction was tested
by computing corrélationcoefficlents between the scores on the three

" EPI dimensions, and right vertical refraction .(RVERT).

The Body Mazs (BMI) for each subject was celeulated using: the
fﬂz‘mula Height/Weight?, as described by Keys et al (1972). They fuund

this index superior to other Ponderal Indices used. 35 By
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Results . ! ¥
Tabie 67 presents the correlations of RVERT with EPT scorss. !
Table 67, Correlations of RVERT with EPI scores by Age, sex,
for both Senior and Junior EPI scales
~ges: 5-16 ¥ i 17+~
¥ male female . mile ' female

with . ‘ -

E —d.Q97 ns ~0.108 ns 0.080 ns ~-0.043 ns

N -0.091ns " -0.178k -0.060 ns -+ -0.067 ns

L 02394 0.170% 0.183%% *© 0.188%*

Significance: *k 1% ' RS = s
Loy

From Tble 67 it 1s seen that the only sxgnmcan; exn;ﬂng regarding
E and N measures is in the young females who show Wigher X.scores uith
more negative refractions. The lie scre trends 1o ‘relatich &0, befrac-"
tion are-nll significant, indicating lower L scores with more negative
refractions, * SR e

There 1s no clear-cut evidence that the refractive values a
related to the personality factors of extraversion or neurotlcisﬁ The
findings of differences ‘on-the Lie scalé aré interesting but CARPEE

generalized, as the scale was not intended to be & ' Méasure of person-.

aliey.
In ofder to examine whether education effects could be compounded

in the Personality scores, correlations were calculated between age '

adjusted EPT scores and educational level. Table §8 presents the data

by age and sex. < 2 e e
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Table 68. Correlations of edu:a:ional level with R, NRA, LRA
by ‘age groups and by s

. - g
5-15 . . 17+
) male " female ‘male ¢ female .
Education with: i '
ERA, ., 0.005.ns. ~0403z‘6% < -0.232%% , -0.011 ns -
NRA ... 0.018ms . -O.1lhums . | —0;0_79 ns -0.041 ns
Lra -0.050 ns . -0.247% | -0i46% -0, 176

i Y w o i ) |
In Table 68 the only sigaificant correlation is for older males who !

had highet E scores with léss' educatfon. In all cases those with more . . ‘{
I

_ edutation have lover L séores; hardly nnexpec:ed since education is

xnvaxsely related to xefraction, and’ those with more mgat:ve refrictions - J

had lover L'acores. -

Comments 2 N
The -fi;:i/ings in.the present tnvestigation of the relatiomship
betieen personality variables and refraction offer little confimation
£ the Previcusly. Teported relationships of myopia with neurotic and/ar
tntroverted personalities. These f’.nﬂlngs‘emetzed from studies which - T
i investigated specialized pre-selected groups (univzrsil:y students, maled
about age Zl], etc-) which might be expected to contain more introver:n,
and more myopes (beause of having more education).
|As a further test 1t vas decided to test to vh.u extent a compars-
son between myopes and hyperépes qunld yield differences in the scores

\ on theé personality inventory. ‘This was carrfed out by using "t tests X
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“s. .ato'determine whether those having refractions of -1 Di or less would

“have slguuimmuy differel\t EPI' scores from those having ref:lc:iens

of +1 D, or over, and Table 69 presents the llesults.
Inspection of Table 69 fndicates only one significant flnding, the .

L scores in young females. This compgzdson confirms ‘the p:zvieus o -

finding of ho relationship between personality.scores on thel £PE with ¥

tefractions in this population.

Body Build ard Peisonality
T F X .
Table 70 illustrates’the correlations.of BMI with abe adjusted EPT

. 3 Sl NE
‘Table 70. Correlations of Body,Mass Index (BMI) with'ERA, NRA,

- b © LRA by age groups and sex

scores.

5-16 A TR - A ]
. male' " female e pak female T
BHL wich: ) " ) SEESY I
r e t) ERA L 0.0 ns —g.én A “-0.089 Feand 0,020 ms
R -0.090 ns 0.265% . - " o.069ms " -0.072 s L
Cima © 0.0027Ws ¢ '-0.096 ns . -0.009 nsr "' 0.037 ns

Significance: * 5%
- .k 8

! As can be SEEII from Table 70 t.hare are no significant correlatlbns
5 Y - between the body mass iv\dgx.and the_age ‘adjusted EPT scores, excopt for’ g &
the Negirotlcisn score in-young females fox whom a larger body miss goes P

uith hig,he! neugoticis o scores. It ie' very 'di£ficult “to. account for

this. single nndmg or :o even spe;ulm’.e as to the pnlsihle reason fnx *

the result. | In the ahgenedof; dny conubormve_ evidence it is-quite ¢
. T
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posslble that it is'a chance phenamennn. n summary,/ 1€ can he safe to <

" say zha: ng te!ationshly between, body mass and persanau:y could bg B P
N\ 5

der_:cted in this populatien.

- Body. Build and Refraction . -, e 3
E 5 z L

s prgvi‘ous stuiies (pp..jg; * ) ‘had ihidicated.a zemum;ship o

AR © ' -between myopia and ectonprphy; ‘the xesxdual sefracttcns (RFC) of [this T e

populadnn were’ correlated With age corrected lody Mass Index (for £dux

age intervals, And I’.he t!sults are yresem:ed in 'l'n.ble 71. k
F i B B [ . .

X “gable 71, . Correlations of RFC vith age cted BMI in four
P ST e el age dntervals: ry 7

Ages:l' o.5-14 . n . 15-39 3044 4stn oW

“Male' | -.020 180 - -.094 91 64 712108 90

LA remald .02 ast ) .027 175 84 ~.0167 96"

it T R ey

Table 71 sufgests no consistent rélationship of Body Mass to~ '

+" Refraction in this population.. There are two significant relationships;.

but there is no clear-cut trend, that would:have been expected from

previcus sru(di&s and- observations. ¥ g 9 e o !
<" Commenes’ i . |

il " Neither the'Body Mass correlations. with EPI scores or with refrdc—

" tion have shown any signxﬁcmce; 4n’ this' population. ~The present

investigation Ieeems to be the f!rst l.arge scale lnvescigatim\ of physxquc

and !efract:lﬂn, and the. results indicate that in a non—vluuu!.‘ly selacud




popilation, refraction and physique are mot-related.' 3, 1

Discussion

The' suggestion; ma; myopes, show introverted pe:suulity character~ )

_1sdcs was'not: cunrxmd in'this {nvestigation Shenins correspondence

could be demonstrated betveén the dtstribution of refraction and the

personality dimensions measured. -Further, the straightfnxwand compar—

. im between myopes. and non-myopes‘did not yield s:lgnifi.cant diffz:ences

on’ th;\‘g\etnve:slnn and Neuroticisu scales. Y

This nezativu finding could have arisen pecause of the nature of ,

the test which is strictly. an -experimental tool; used to eyuuaée as
objectively und as simply as pcssible the placemnt of each subject on
the two orthogonal dimensions, ‘Neurntl.cism—st:abﬂu:y and Extraversion-—

Introversion. - The population under study.was »l\nt.sup‘histicatedf\in taking

tests of this sort and somé of the subjects did not thoroughly. understand "

a_u the questions, while othe¥s had to have the questiuns read to them. *

Again, two tests-were used, the Senior and Jumm— EPI.. The Junior =

test was derived from the established Senior test, but his still not

been evaluated thoroughly.. As admitted by the authof of the test, some
unexplained correlations exist, as'for instance between N-and L scores.

In spite of these two problems, the distribution of thé scores and

thelt Tations show sufficient with the data reported
by. the autliors to: suggest that the EPI was appropriately-uséd. ' Cultural

ot ial di could have

to the somewhat higher
N scores in this population than as reported in the su:ﬂozs' normative,
sample. This higher absolute value could not have obscured a ;elation~
‘'ship. with refraction as this would be .dependent upon a range of .scores, =

/ i




_sreadily in a larger sind more heterogencous population. -In the mormative

" logical- qharac:exgstics,of aicoipTave popuiablon VAER caspecE to refrac- ¢

. data, ‘students, for instance, were found to show higher Neuroticism

sample and an unselected ion may have to the failure

cited earlier that showeil_eome cun’espandeﬂte between body build and = -

ubeq Tt BiewsAE Tnvéstiiation. TS hegstive finding agrees vith

.although it could have had an effect .on minimizing differences between

nydpes and non-riyopes.- o . : Ca 3 B ¢

A séhich of the hre}mm—e did riot veveal any.study on the psycho= s

tion,  Earlier studies investigated spE(ial sub-groups such as uiiversity

studeﬁts, or males, or subjects within a narrow age limit. Members of
special groups,, such.as military schonl snuden 5, or university studentsy

will have certain personality characterislics that may mot be reflected

scores than other sroups. It is not shrprl:ing then, that the stidies

of Young' (1967), van Alphen 952y, Schapero and Hirsch (1952) woula
find myopes to be dntroverted or neurotic. The conclusion must be that |, . - )
thei findings cannot be f&nerslized to .a complete population that vas L J
nanvvisually selected, and not selected for age or sex. -
As a step in further\unrk a re»examlnation of the claims of these
suthors should be unde(taken using selected homogeneous: samples sintlar 5
in l:nmposlr.ion to thusé whom they studied. An.y replicakion of their
results could provide a Elnde vasis for testing more widely.

| 14
In a similar fashion the differences between studying a selected

to demonatrate’a relationship of body build with persoriality and with g
refraction ‘in this' investigation. No stldy was foynd’ that investigated

these relationships in a complete population. Fufther, the few studies ,

fefraction were based more on aneciote thari.on ‘the systématic methods: - 7
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Baldwtn (1964) who was wnable’ to' dencnstrate 4 relationship \,;wéen

‘. certain anthroponetiic measures (head size, vault size) and refrnc!lﬂn. g

‘his inv.eati.getion found no relationship betueen refraction and hndy

huud however the ques:{on nust’ remain open wntil another umlu smdy

has been cample{ed.







Chapter VITT

SUMMARY AND GENERAL DISCUSSION,

. B g .
Myopia has .been Studied for over onme hundred years, .as much from a

preventative ‘and prophylactic point of view, as from curiosity régarding

its etlology. - Some myopiss are debilitating, and high degrees of myopia
G A GEHERAL I, 1t VRN OF MpSeEALTRRIES CYSE sy
blurred vision at distance san'bd e problem, especially in extreme

\climates and in vigorous activities. -Heavy §lasses ave'd constant .
nuisafice ;o'chi automobile mechanic and to the skier, to the surgeon )

and fo the temiscplayer. The nyope is constantly pushing his spectacles

up,on his nose and many mynpes would rather squint chan vear glasses.

1: is £ whether ‘the,condition can be

its progtess in the young al§med. Tdeally, the aims: of researci shogld
_be predict!.ve zq,:s [tordtscovar the-ar etk ¢hild, and to develop
appropriate px‘ohyluctxc treatment.

To achieve this aim, preliminary studies are first required of
dncidence and distrlbution of . refractive error, with syntamatig attempts
tu 1den:1fy relm:ed and : causstive factors, The 1|w!stlgat10ns reported
here were nndertaken on a pupular_lan chosen because. it provided a unique”
opportinity ‘to exduine the effdcts of recently inr.rm:}uced education and
‘mear work. ' Additionally, its stability dffered an-opportunity to acquire

" familial data to evaluate the influefices of heredity. .
" " The ‘chotce of nethods of ‘surveying the fotal prescribed population
in the three ,c_omiunuieé ﬁr«cludéd the use of sm;:pling ’(echnique;, and

-

|
i
i
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the institution of controls. Neverr.heless, the collection of data was

undertaken rigorously. and without s that could
bias: /

Goldachnide” (1955) pointed out: that many studies on myopia were
inadequate in terms of sclentific method, clatming that in the eerature
of the past one hundred years, he had not found a "single proband inves-
tigaiion that fully-meets these requirem’anu." In addition, there ig
a1fficuity 11 comparing the findings of studies because of their diverse,
methodologies, including the bde o non-use of cycloplegia. ’

The categorization 6f myopia also varfes among studies. = Few inved-
Eigators treat refraction.as che concinuous variable 1 fe: This '
“approach was adopted 1h’the present study as it dogs mot | presuse any
arbitrary cut-off for myopia and betause it permits the use of parametric
statistics. ; R B

& problem of m—al;}su arises from the p:;\cciu of some investiga-

"_tors who count eyes rather than subjects, . This method tends to.inflate

the statistical sighificance of and thus confuse the inter-
B pretation of results. After confirming the high correlation between the
measured refraction for both eyes in ;ubjectﬂ;. subsequent analyses in
this study were conducted using the single measure of righit eye vertical
refraction. ' - o B .
Ip.considerations of -the control of geular refraction, the outmoded

notion of. a hereditary-environmental dichotomy has beér pursued for so

long, and so vigorously, that rancor and conflicts.have often clouded

inigortant £inding ) 4
| The pregent :study, as part of a larger health survey, directly

the variabl near work, heredity, personality and

206 ,
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body mas, as seen in.the five imvestigations describedg The findtngs
directly describe refraction and its correlates in the studied popula—-
tion. Extension of flndingv:‘ to_other populations Tust _neu;gan},y be
very ‘cautious” ndeed. i L .
This population was unselected, Over 80% of those aged 5 and over
_vere siatied Wiabhes they had a visval problem or mnot. Studies on ,
refraction usually draw their material from urban, highly iR
populations. ‘In contrast, the non-urban population use_d‘ in this sltudy

has a general educational level lover than that generally available in

North Anerica, and its exposuré to formal education is relatively
Tecent. Given the demonstrated association of refraction with near work,
this educat{ons]. 1€ €avence 1 of prinary, importance in comparisons with

sthed popidations.

'mvws'r!cnwu £ h 1)
 The population distribution of refraction in thils population vas

Leptokuitotic and skewed to. the minus sidg) that 1s, there wore.more
enmetropés ‘and myopes than would be expected vere refraction normaily
diszzibg:ed. The females showed more refractive values in the myepia
g idn 0058 Walal, SEAIIAY Sbwh ALis Age than the Bales:
The females also had a greater range of refractive errors ‘than the
males,’ that is, there were more h;gn degrees of myopia and- hyperopia in
fenales compared to males. A seesiy b tayoia was noted in
those under the age of 30 compared to those over 30 years. of age..

.. Compulsory education started in 1948, d.e.’ those who started school chen
were aged 30 at fhe time of this fnvestigation. 'n.u finding parallels

that in e obhaE pupulmans, vhere the introduction of ‘education has

i
]
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: 2
been folloved by a dramatic rise in myopia in ome gemeration (Young,
1969; Morgan, 1973; Boniuk, 1973). ‘It is in contrast to findings in
populations where education has been more generally available, and for
a longer period of time, and in which myopla prevalence appears rela-

tively consistent sr all ages (Alsbirk, 1979; United States (HEW),

1978), This contrast suggests that hear work, rélated to education,

Sitiicteas populdtion levels of Il;lyupia‘ - s

it was found that by comparison with the United Statés populatiun,‘
a consdderably highér préportion of pesachs fa thts population had K
uncorrected réfractive errors.’ This prevalence Finding is important
from a Public Health viewpoint, as. it aniéa[es serfous morbidity

réquiring action by health authorities.
R \

" INVESTIGATION II . . .,

Occtpation and. leisure activities were examined in relation to
refraction, and it was found rhat.those involved in occupations requiring
considexable mear work; or who professed to spend considerable time at

near work in leisure activity,. had more negative refractioms.
b P Y M

‘INVESTIGATION III

\gﬁg variables previously reported to influénce ocular refraction; .
smong age, sex, helght, education.and mear work, the ost influéntial '
was found o be near vork. This vas Ladicated,by :r,é';auhs:;n:xal partial
correlations of refractioh and mear work in various age intervals, ‘after
the influences of the other vardables had been statistically controlled.
The telationship was confirved by the striking parallel”course of the .’
means of-near work and refraction distributed in the total population

1in five year age intervals. Because in this population, near work and

’ . »
A
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education are probably less than in urban populations, the f'elacianship w
©of nmear work to refraction might well be even stronger in societies with

higher levels of near work and education.. -

INVESTIGATION TV.
_Similarities of réfraction were. studied within family units. Corre-

lations and regressions showed moderate familial resemblances in refrac-

tion, somewhat less than would be expected if refraction were completély .

i sd IS enetic contPole pattern of fanilial similarifies in
near work habits vas. found.which suggested that family similarities in
[ by family similarities in near work..' The -
genetic correlation of first degree relatives for. refraction appears to

be on the.order of .20 to .25.

INVESTIGATION V -
Previous reports of a relatiohship betusen personality. chardcter=

15[14:5’ and llyo‘pia were not.confirmed in this study, nor were any corres-
bondences found betwden body mass and refracton. Barlief studies vere

0§ examined selected groups. that Vwc\.;ld be expected. to have cman}
psychological characteristics, ard at the same time to be more myop.ic.

It must cherefore be assumed fof the present that the results of. this
“study reflect the state 6f affairs in.an unselected pnpullatlion‘ . More

work n; required in this area before cun:lu‘slgns can be drawn. e

In the population of this study, young females-have a more negative

"mean refraction than young males, and .achiéve this state sooner than

young malés. In the fifth decadé, the mean female refraction is more
s : - i ;

v ; ; g
positive than the mean male refraction.’ Near work is closely associated

with negative refraction at all agfd.  The hereditary component in

i-
i~
i
{
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refraction variance'is less than would be expected if refraction were

«completely under additive gemetic.control and it is postulgted.-that the

familial near work environment could infldte the similaritiés in refrac-

tion in families. There was no comnection between refraction and .

P 1cal stics nor between a _and body build in

this population.

, Indications for Further Study_

The question’ of ivhy only some persors- exposed to near, work become
nyopic. may pnthaps be esplained by-a reappralsil of Hirsch's (1963)
study, He d:mns:rated that those children who entered achool vith'a
“refraction betveen plano and +0.75 D. would probably become myobte by
age 14 Thoseith an dgitfal refraction of over +0.75 D. stood less

¢hance of beconing myopic; the myopia of those with inftially myopic

refractions usually got worse. The initial reirac[inn, as deternined

by the individual comporidita), 15" pEolebly ke pataly genetic control. |

Sthool work, or néar vérk generally, 15 én the resules of the presenit

study, ‘an’ environmental factor shifting refraction to the minus sid

probably in:most individuals (to judge from Hirsch's findings of a
general tendency to lover refraction).

van Alphen (1961) postulated that stress, particularly the \!tre:as
of studying, could cause ovér-accommodation, which in turn could cause
myopia. Acwrdh\g to chis hyyuchesis, ordinary near uork ‘such as
sewing, 6t reading for pleasure, does not cause the same over-accommo-
dation, because there is less or mo stress of amxiety imvolved. The
stress of stulylng, mediated through the parasympathetic nervous system,

acts on the ciliary body leading to myopia. .

i
|




m

Studies have shown that cextstn ethie growps (Japanese, J;ws,
Chitnese) have more myopia than other groups (Rasmussen,.1936; Sorsby;
' 1940; sato, 195‘7»), Lyon (13713 has ‘shown that certain races are more - -
anxious than others ;s measured by heart 'rate, aid reaction’ €o pain,
inter'alios. Those shown to be amngst the most anxious in thess Tatfngs
iradms dnd Japenese’ Tyt alsp wpeculated that climste a::\mi affect
| anxiety, and it 1 of fnterest to mote that those studies showing
epidentcs of myopia vere all concemed with Nor:h‘er’nj@ople. Studies
‘wire citod by Lysin showing that anxiety could be inherited. - . %
The possibility that stress, as Simestita pezsonality in ‘general,

can ihfluence refraction should therefore not be rejected on the results-

of the relatively of this to date.

Stress 1s notoriously difficilt to quantify, but.further attempts to
define a 121a‘t10n5:11p veEvas S rea s et Eramikanty B

varranted. . . 3 o ~

i
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APPENDIX.C

DETERMINATION OF THE REFRACTION

Retinoscopy E v 8 el
| ‘The technique of retinoscopy with the subject fixating ‘at 20 feet
(static retinoscopy) was the first step in the deternination of the
refraction fn the present study. - This te!:hn/i;;ue is objective, and
combined with the subjective examination (described beiow), is’the most
relisble method fof assessing the: refractive state of the eye, as it'is
not based solely on_the subject's persanal estimate of cdiest vinton
The comon "retinoscopic error! rarély excéeds. £0.25 D., as reported by
Duke-Elder {1970). . Either fégginghor cycloplegia is used to inactivate
‘the acconmodation, in order to precisely measure the power of the spher—
ical and cylindrical (if any) cdrrections. The method used for retinos-,
copy in this study vas the nom-cycloplegic fopging technique of‘Hebba;d
as descrived in Borish (1970). N
Fogging, fnvolves relaxing the accommodation of the subject with a
cul\vexaiens (usually +1.50 to 42.00 D.) and then- measuri‘ng the refraction
in the two principal meridians with either a spot or streak retinoscope.
Once any astignatism has been deternined, the spherical error is measured,
and with the resultant corréction in the phoropter in front of the sub-

ject's eyes, the subjective. portion of the examination is carried out.

This involves: refining the objective determination, again using the

fogging technique, the examiner reducing or’ increasing’ convex lens. pover

in the phoropter for each eye separately until 20/20 acuity, or the
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closest pas‘sible, is achieved with i Tiantmemnntof St o e
greatest amount,of convex lens in place. " Followidg this, therefraction
is further refined binccularly, This vas the virisble used in this
study to compute vertical ocular refraction from Appendix D.

Cycloplegic and Non-cycloplegic Refraction. 5

The non-cyeloplegic technique was chosen for several reasons.' The

eye under cycioplegia 15 under abnormal conditions, with £unctional

- accomiodation paralyzed, and in ‘some cases ciliary tonicity as well.

If incomplete cycloplegia is a result: of improper instillation of the

drug, resulta are Guestiondble, andthe subjective test has to be used
g, 8, R0 e o 0 be_use

torcorzect the imperfect cycloplegle éremination (Borish, 1970).

Several studles have’ campurerl the two, methods 1n the same indivi-

duals. Banton (1947) reported on a comprehensive study of 1009 eyes N

| (594 hyperopic and 406 myopic) using non-cycloplegic followed by cyclo-

plegic examination. The testing was carried out by eight experienced
refractionists.at the D“:mop':ﬁ”i:yg Instituté, in New Hampshire, using
& dowble Blind ‘techifque.  For ¢ildren the cycloplegtc was 1% ‘atroptie;
one drop in each eye, three tﬁea per day for three days. . In other
cases, homatropine 57 with pazeﬁdne 1% vas used, one drop of each at
three minute intervals with a Final second drop of hama:rapine. The
refrnc:ion was performed after one hour, '

S oA OhE TREEARGE th SRS, thATRNERIERL ESatiga
Gbtatned by the two methods ‘agreed within £.50 D. In 84.5% of the
cases, astignatisn vas the same within .25 D. In 81.8% of the cases,
the axis of the cylinder 4greed within 5 degrees.

The younger subjects showed more hyperopia under: cycloplegia than




i
i
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the older subjects; and the percentage of hyparoptc [cases in which_
greater hyperopia was found with cycloplegia was greater than the
percentage of myopic cases in'which greater myopia was found under
cycloplegia,

The greatest difference betueen the two methods was found fn the
younger hyperopes. However, for most cases, the ‘results'vere the same,
and with the qualification that following retinoscopy, a subjective test
4is done, the few differences are minor. -

Bangon further commented that the subjective refinement was more

: N * 5
difficult to performwith an eye under cycloplegia, because in the mon-

cycloplegic method, the ‘eye is in.a natural functional state.

Hiatt et al (1973) also compares the two methods in:two. groups of
subjects, the first consisting of 260 eyes fn subjects aged 6 to 41,
and ‘the deeand conslating G5 42 eyes n wblects over aga 40

The irst group was examined “first with non-cycloplegic static’
retinoscopy followed by a subjective test using the fogging wethod:
Then "two. draps of 1% cyelogyl snd 1% aydriacyl Vere instilled. Most of
the ‘subjects vere 14 years of age or leas,and 68 of the eyes were
myopic. In the myopic eyes, dfferences of 20,50 D. in the two methods

occurred only in errors of <4 to =5 D. In the 192 hyperopic eyes

differences between methods occurred only in higher degrees of hyperopia.

Differences increased as the power of the convex lens needed i}dzeasedA
In the lower ranges of hyperopia, the maximum L'!‘ifferencérbezveemthe

two methods, was +0.50 D. * They also noted, as did Bannon (1947), that
the differences were greater in the younger groups (ages 6 to 10 compared
to ages 11 -to 25). !

The second group was given two drops of 107 phenylephrine as cyclo-

e et ot A
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iy )
with che Ui ference bedng 20,25 D. n 79% of the cases, and S0Z of this
group shoved no difference at all bétveen the two measures.

* Borish (1970)-cited several other studies with similar findings.

Hé refers to the fogging method as the “most perfect non-cycloplegic

1
]
{
. r 2
plegic. Differencés between the two methods never excecded 0:50.D.
H
control of accommodation for subjective testimg." . Without the ruse of 1
’ {

drugs to paralyze accowmodation, the refraction can be carried out under

-
physiological normal circumstances.

The Subjective Routine Used in’This Study

= After fogging the eyes with a +2.00 D. lens, usually for.one to

two minutes, the subject had one eye.occluded, and gazed at the Lancaster?
. Astigmatic dial which was at 20 feet in the darkencd foom. The fog was
then redicéd until the 20/40 line ‘on the Stellen chart could be read by

the subject. At this point ‘the astigmatism was’ determined with the dial

to' confirm anyfastignitisn and its axls previously determined with the
ERe g
retinoscope. * The ‘same procedutes were Tepeated on'the other eye. Once

the cylinder and axié (if any) were determined, the sphere wis determined

monocularly by increasing the fog to 20/60 and reducing the fog until
o, B . s
maximum convex or minimum concave lemé produced an acuity of 20/20.. The

binocular subjective was then performed to refine the previous monocular

" K findings: In cases of high astigmatism, the l:y‘l:l}ndgr and axis were
confirmed using the keratometer. - The ‘final prescription £as then
written for riistance and entered on the record as ‘tI’LE dat! to be con- -
verted to vertical .oculir refraction. : .

Dynanic Tetinoscopy at 20 inches vas then performed, verified by

a subjective test at 20 inches or closer, depending on the habitual

- i




e et . s
reading distance of the subject, This subjective ‘determined the reading
adéteson needed in cases of presbyopiar Ea E
- In cases of strabismus of suspected muscular imbalance. indicated

by the. cover test, phorias and ductions were performed. Any anomaly

“ requiting further attention was reférred. The data gathered by Dynamic

Retinoscopy, phorlas, ‘and ductions, were not included in this study.  °
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of the small numbexr of subjects, noconclusions are drawn.

APPENDIX E

235:

§ Dats_nn.Subjecl:s with Extreme

Fourteen subjects had refractions mote extreme than * 6 D.-and are |
ﬁresenled’ separately. h‘are. Eleven were myopes, and three were.hyperopes
with amblyopia in the right ;ye and excluded from all consideration
\because no right eye refraction could bé obtained.

The myopes ranged in age from § to'37 years. Seven were females
and~four were males. None were closely related to one another. The
mean level of education was 10.18 years, somewhat higher than that for
the general population, .and mean near work time was 2.82 hours, also
higher than the mean for the gencral population, By occupation, this
group fneluded tvo 'housewives, four students, three 'fx'sf.emen, a
corpenter; woda Baschurs “he Sour viins (rke Sisnenuel bod Hhe
carpenter) had low ‘near work occupatiun;', compared to.the Seven females.

Mean Extraversion-Introversion score was 12.91, mean Neuroticism

score was 15.6, and mean Lie score was 4.64. The Neuroticism score is

somewhat higher than that of the general populacion; However, becaiise
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