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A study on 78 pairs of uniovular twins con-
trasted with 40 pairs of binovular twins and 48 pairs
of unrelated subjects has established that refraction
as a whole and its major individual components—
the axial length and the powers of the cornea and
lens—are genetically determined both for emme-
tropia and the various types of refractive errors,
- including those of a high degree (Sorsby, Sheridan,
and Leary, 1962; Sorsby and Fraser, 1964).
The coefficients of correlation in these different
refractive states for refraction and its components
* approached unity in the uniovular twins, 05 in
the binovular twins, and zero in the unrelated
controls. It is likely that more than one mode of
inheritance comes into play, and family studies
have been undertaken to evaluate this aspect.

Material and Methods

Twenty-eight families with a total of 106 subjects
were studied. To eliminate disturbances arising from
senescent changes in the parents, and from uncom-
pleted growth in the offspring, only families in which the
parents were under 63 years and the offspring studied
were 16 years and over were considered. Any family in
which either of the parents showed a pathological eye
trait (other than an unusual refraction) was excluded.
In all other respects the families were an unselected
and probably a representative sample of the general
population. The detailed findings are recorded in
the Appendix.

In addition to these families, the records were also
studied of a group of 21 families selected for unusual
refraction in either one of the parents or one of the off-
spring. This group has been reported in a previous study
(Sorsby, Benjamin, Davey, Sheridan, and Tanner,
1957), and a further statistical assessment is attempted
here.

The methods employed have been recorded in the
two previous studies and are discussed more fully
elsewhere (Sorsby, Benjamin, and Sheridan, 1961).
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Analysis

The coefficients of correlation in the 28 un-
selected families are set out in Table I. The over-all
pattern is clear enough: in contrast to the lack of
correlation between the parents, there is a sub-
stantial degree of correlation for parent/child and
for mid-parent/offspring coefficients, though these
coefficients fall short of the values of 0-50 and 071
expected under the hypothesis of the additive effects
of a number of genes without dominance. The
coefficients for the relatively small number of sibs
available approach the expected value of o-5 for
refraction as a whole and for axial length and the
power of the lens.

TABLE 1

COEFFICIENTS OF CORRELATION FOR REFRACTION
AND ITS COMPONENTS IN 28 UNSELECTED FAMILIES

Father/ Parent/ Mid- Sib/Sib
Mother Child parent/ 24/22
28 Pairs 100 Offspring
50
Refraction —0°119 0:227 0-348 0-358
Axial length o-108 0314 0434 0°492
Corneal power 0-138 0-378 0-542 0093
Lens power —0-288 015§ 0-278 0-553
Anterior chamber
depth —0-098 0-265 0-388 0-019

In the previously reported families, selected for
unusual refraction in the parents or offspring, the
coefficients of correlation for the refraction and its
components set out in Table II (recalculated on the
same basis as the material recorded here) show that
with a high degree of correlation for refraction and
axial length for the two parents, there is a high
degree of correlation for refraction and all com-
ponents except axial length between parents and
children. In this series the small number of sibs
precludes any worth-while analysis of relevant
coefficients.
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TABLE 1I

COEFFICIENTS OF CORRELATION FOR REFRACTION

AND ITS COMPONENTS IN 21 FAMILIES WITH UN-

USUAL REFRACTION IN EITHER THE PARENTS OR
THE OFFSPRING

Father/ Parent/ Mid- Sib/Sib
Mother Child Parent/ 7
21 pairs 56 Offspring
28
Refraction 0-339 0-285 0342 —0-104
Axial length 0-321 0-062 0-076 —0-122
orneal power —0-039 0-271 0-401 —o0-289
Lens power —0-099 0-416 0-580 0-349
Anterior chamber O'III 0-323 0-412 0615

Note: In this Table the second of each of two pairs of identical
twins (families 2 and 8) have been omitted.

Discussion

The 28 unselected families included six families
in which one or both parents had a refractive error
outside the range of + 4-00 to — 400 D. With
a larger number of families, these two groups of
refraction might with advantage have been con-
sidered separately, but even with the present small
numbers the only unexpected findings are the rela-
tively low coefficients for the cornea and the
anterior chamber in sibs, and for the lens in parent/
child relationship. The available evidence, there-
fore, points to the strong probability that with larger
numbers inheritance of refraction and its com-
ponents in the general population is likely to follow
the pattern set by a number of genes with additive
effect.

The findings for the selected cases suggest that
this also applies to the different components of
refraction, other than the axial length which has
characteristic features of its own. The study on
twins has shown axial length to be genetically
determined, while the high correlation coefficients
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for the cornea and lens seen in the present study
emphasize that the compensating mechanism of
reduction in the powers of the cornea and lens are
effective for variations in axial length within the
range seen in emmetropia but not beyond. It is
likely that—in contrast to the other components
of refraction including axial lengths within the
emmetropic range—abnormally long or short axial
lengths are determined monofactorially, and it is
fairly certain that there is more than one mode of
inheritance of such abnormal axes. These are
possibilities that need further exploration.

Summary

Twenty-eight unselected families with a total of
106 subjects were studied for ocular refraction and
its components. In contrast to the lack of correla-
tion between the parents, there was a substantial
degree of correlation for parent/child and for mid-
parent/offspring coefficients.

In 21 previously reported families selected for
unusual refraction and recalculated on the same -
basis as the material recorded here, there was a
high degree of correlation between parents and
children for refraction and all components except
axial length. :

Our thanks are due to Miss E. M. Gower and Miss
Joan Richards for assistance in this work.
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Appendix

Refraction and its components in 28 families with a total of 106 subjects

! Corneal }

Family Member Age (yr.) Ocular Refraction Power in Anterior Lens Lens Axial
No. in Vertica Vertical Chamber Equivalent Power at Length
Meridian Meridian Depth Power Corneal Vertex (mm.)

(D) D) (mm.) (D) D)

I Father 56 R —148 437 32 21°7 12-8 242

L —-172 44°1 35 226 12-9 241

Mother 5s R 4126 41°4 35 19§ 119 245

L +1-56 41-3 35 191 11°5 245

Son 25 R —3'59 41°7 36 21-8 137 257

L —427 417 36 22-8 14°4 257

Daughter 24 R +o-25 42°3 39 19°7 116 246

L +o-s0 42°1 37 19-2 I1°§ 247

Daughter 16 R 4026 41-8 36 20-8 128 243

5 L +o's50 417 36 208 127 243
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Corneal ' X i X
Family Ocular Refraction | Power in Anterior Lens Lens Axial
No. Member Age (yr.) in Vertical Vertical |  Chamber uivalent Power at Length
Meridian Meridian Depth ower Corneal Vertex (mm.)
(D) (D) (mm.) (D) (D)
2 Father 45 R +1°55 41-0 32 216 12-8 241
L +1-55 41°1 33 209 12°5 242
Mother 44 R +r101 457 i 32 20°4 117 22-8
L +o0-76 448 33 20°s 11-7 233
Son 24 R —o-'50 416 : 40 18-3 106 258
L —o074 417 41 18§ 100 262
Son 17 R +o-25 438 3-8 17°§ 102 246
L 0-00 44°1 3-8 183 10°7 243
3 Father 5o R +224 436 ) 30 230 13°4 22°§
L +2-or1 436 ' 28 21°1 126 22-9
Mother 46 R +3-66 44°S i 24 229 140 21°§
L +369 44°1 ‘ 2§ 21°§ 13°1 219
Daughter 23 R -—-o0-7s 440 36 199 117 243
L —1-23 43°3 ‘ 36 18§ II°1 25°1
Son 16 R +1-27 43°5 ] 34 202 116 237
L +1-52 43's 34 19°5 11-2 237
4 Father 56 R +1-27 420 27 233 141 232
L +o-70 422 29 222 136 236
Mother 46 R +177 44°3 32 19°4 I1-3 232
L +1-52 442 32 21°2 12°1 230
Daughter 17 R +422 437 | 40 17-7 100 230
L +539 437 37 17-8 100 226
Son 16 R —o-25 42°3 3-8 19°3 114 249
L —o-'so 424 35 182 110 252
5 Father 42 R —3'61 416 29 194 126 26-4
L —2-68 41-9 | 32 19-8 12°5 258
Mother 43 R —1-25 433 i 36 226 12°9 243
L —145 432 33 22-8 133 24-2
Son 17 R +o0-32 409 3-8 22-0 1246 248
L +o0-76 410 3-8 213 12°3 247
6 Father sI R —o075 451 31 210 12°2 236
L —o75 447 31 21°4 124 237
Mother sI R 4063 46°5 33 21°§ 11-2 229
L +o-'s4 470 36 207 10°7 229
i Daughter 17 R +o-50 463 3's 19-2 10°5 23°3
L +o0-76 462 34 20-2 11°4 22-9
Son 16 R +r1-01 443 35 19°4 10°9 237
L +r1-03 448 34 20°4 116 232
7 Father 50 R +o0-'82 -4 36 227 12-8 234
L +o076 434 36 22°1 12°5 23§
Mother s1 E +8-07 -2 20 25 15°5 20
4+ = = _ iy iy —
Daughter 21 R +365 434 35 234 131 222
L +1-27 433 35 232 135 230
8 Father 50 R +o0'76 430 30 19°§ 11-2 243
L +o0-76 429 29 20-3 11-7 241
Mother 44 R +oor 41°4 34 203 120 245
‘ L +o-7s 419 33 195 -7 246
| Daughter 19 R +o-53 417 41 18-3 10°§ 253
‘ L +o0-76 41°7 41 179 10°1 254
’ Son 1 17 R +o'75 412 30 17-6 107 253
| ‘ L +o75 40°5 31 177 111 25°5
9 ‘ Father 56 R Traumatic cataract
‘ L +o-25 442 31 238 137 230
Mother 45 R +o0-78 42°3 30 20°5 120 242
L +1-03 423 — — — —
Son 18 R +1-27 440 32 19°1 11-3 236
L +o'97 440 36 20-6 119 234
Daughter 17 R +1-24 43°3 40 200 II-1 240
L +o0-82 442 — — — —
10 Father 52 R +5-38 422 25 20°4 121 22-3
L +6°s5 419 - — — —
Mother 52 R —o0'74 41°4 31 23-3 137 245
L —o74 41-7 32 241 13-9 243
Son 26 R 0-00 42°5 35 22-3 126 242
L +o-25 42+7 35 21°4 12°3 241
Son 24 R +3-09 419 39 22§ 124 232
L +3-11 41-9 3s 21°1 120 234
Daughter 16 R +3-65 433 31 257 14°S 217
L +3-65 44°1 32 26-4 147 21-4
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Corneal
Family Ocular Refraction Power in Anterior Lens Lens Axial
No. Member Age (yr.) in Vertical Vertical Chamber Equivalent Power at Length
Meridian Meridian Depth Power Corneal Vertex (mm.)
(D) (D) (mm.) (D) (D)
11 Father 42 R —7-00 439 — — — —
| L —723 439 36 239 151 258
Mother 39 R —2:46 426 — — — —
L —271 427 3-8 223 13°4 250
Son 19 R —427 42-8 40 205 12°1 263
L —382 42°9 33 17-9 113 265
Daughter 17 R —520 432 — — — —
L —495 432 3-8 214 12-8 261
12 Father 54 R +o-25 437 27 216 12°7 23§
L +o-25 437 26 222 13°4 233
Mother 55 R +o-'56 44°1 3-0 240 142 227
L +r101 441 28 23°1 13-8 226
Son 18 R —o0-47 431 32 185 11°5 247
L 0-00 427 34 18-9 11°5 246
13 Father 54 R +r1-01 428 25 261 153 226
L +1-'52 423 26 242 140 23°1
Mother 42 R +o0'76 440 3-8 201 11°3 23-8
L +o-25 43'3 35 19-8 11§ 242
Son 21 R —261 442 34 21°1 12-8 24§
L —2-15 440 32 217 132 242
Son 19 R 0-00 410 40 185 10-7 25-8
L —o-25 40°S 3-9 187 111 260
14 Father 42 R +129 44°3 28 250 14°4 222
L +1-27 446 26 239 141 222
Mother 41 R +r-01 436 30 190 11-2 239
L +o-47 442 — —_ — -—
Son 16 R +o0-76 436 34 207 118 238
Twin L +o77 439 33 20°§ 119 236
Daughter 16 R +o0-27 443 32 214 126 233
L +o0-76 442 - — — -
15 Father 55 R +2-'56 412 26 20°§ 130 23°§
L +3-36 410 27 202 128 233
Mother 59 R —15'94 473 33 244 160 281
L —19'70 476 31 27-8 18-8 286
Daughter 26 R +o0-'69 41°9 33 20-7 126 242
L +41-54 41°9 31 19-8 12°2 240
Daughter 16 R +o-02 43°3 3-3 19-6 120 241
L +o0-02 430 34 20§ 124 241
16 Father 44 R +3:63 42°1 34 217 11-9 232
L +3-36 41-8 — — — —
Mother 43 R —2-11 434 31 186 116 252
L —2-86 436 3-3 19-0 116 255
Daughter 19 R —409 444 3-8 17-3 10§ 262
L -—384 45°S 37 18-3 11-0 254
Daughter 16 R —313 41°5 40 19°4 11-9 265
L —s-1r1 425 39 200 126 267
17 Father 43 R +1-52 423 32 226 12-8 23°5
L +1-52 420 — — — —
Mother 49 R +1-53 43°S 32 232 13-0 230
L +1-79 43°4 30 21§ 12°6 23°1
Son 16 R -+r-or1 442 39 222 12°4 232
L +r1o1 442 ER 227 130 229
18 Father 62 R —579 | 453 25 224 142 24-8
L —5-95 I 453 26 211 13-4 253
Mother 53 R +3-60 ! 460 26 211 121 216
L +494 459 27 19°7 11-0 21°§
Daughter 20 R +o-25 462 35 190 111 232
L 4127 462 35 18-8 10°9 228
Daughter 18 R +1-02 41°5 31 203 126 242
L 4077 415 31 20°2 126 243
19 Father 48 R +o-50 42°1 36 19-8 115 246
L +o-'so 417 34 19°9 11-7 247
Mother 48 R —o-'s50 442 32 228 13°1 23°5
L —148 437 31 21°3 129 242
Son 21 R +o-61 40°2 36 19°6 121 252
L +o-25 407 36 19°4 119 252
20 Father 49 R +1-66 43'S 36 21-3 117 235
L +1-97 437 R 21°9 12°1 231
Mother 46 R +1-78 453 31 226 12°7 223
L +1-78 452 29 219 126 224
Daughter 20 R —4's6 444 35 225 137 249
L —383 447 35 21-3 131 247
Son 16 R +r1-01 430 34 209 12°3 237
L +ror 432 35 19-4 -5 239
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. | ‘ Corneal )
Family | Ocular Refraction Power in Anterior Lens Lens Axial
No. Member Age (yr.) . in Vertical Vertical hamber Equivalent | Power at Length
i Meridian Meridian Depth Power i Corneal Vertex (mm.)
: (D) (D) (mm.) (D) I (D)
21 Father : 49 | R +614 412 28 213 ! 120 22°5
' i L +644 41-0 2-9 223 122 223
Mother 49 ! R +o0-25 441 32 22§ 12°9 233
“ L +o0-26 452 32 236 135 226
Son ‘ 21 R +1-27 420 34 191 I1-3 244
| L +1-78 421 34 19°1 114 241
Daughter 17 i R +1-78 441 3's 19°§ 3 &3 234
1 L +2-04 443 36 196 112 232
22 Father ; 49 R —o-50 431 26 21-9 134 238
L —o-99 429 31 21°4 130 243
Mother 46 R +2-03 434 — — — —
| L +177 44°1 32 207 121 230
Son ' 18 R —1-95 423 37 184 11-2 259
1‘ L —195 419 3-8 18-6 114 260
|
23 Father ' 49 R +1-00 420 29 232 14°1 234
‘ L +r1-01 417 —_ — —_ _
Mother ! 38 R —3-20 440 3-8 159 94 266
i L —320 444 36 163 97 26-2
Daughter 18 R +o0-02 444 3's 203 | 11°6 238
L +o-s53 456 32 199 | 115 23°1
Son 16 R +1°01 437 35 192 | 112 239
L +o-75 437 33 18-0 : 109 24°1
24 Father 44 R +o-'s51 41°2 30 20°§ 12°4 247
L 4077 400 2-8 20'§ 12'9 249
Mother 45 R +o0-76 41°1 27 195 12°2 247
L +o0-76 41°1 27 19°9 12°5 24°5
Son 19 R +1-27 408 35 209 12°4 24°S
: L +ror 408 35 19°9 120 248
25 Father 53 ' R —o0'99 431 30 21-8 130 242
L —1-68 441 30 224 13°4 239
Mother 53 R +1-27 462 31 21-3 11-8 22°§
L +r1-01 464 30 21°5 11'9 22§
Daughter 19 R —1:46 448 35 184 110 246
L —14s 447 35 19°5 116 243
Son 18 R 4076 420 ER 204 12'0 244
L +r-o1 422 35 203 120 241
|
26 Father 48 H R —122 428 2-8 220 13-8 241
! L —o0-48 42-8 2-8 21°4 132 240
Mother 49 R 4127 I 448 32 190 11-0 234
L +r127 i 448 33 19-7 110 234
Son 18 R —4-06 | 421 35 21-9 137 25-8
L —310 i417 35 21-3 132 257
Son 16 R 4103 i 452 36 20°'1 113 232
‘ L +1-29 | 452 — — — —
27 Father 50 i R +1-27 446 27 211 i 130 226
L +r1-52 448 26 208 | 131 224
Mother 47 R +r1-01 461 30 19-6 115 22-8
L +r1-01 46°3 30 19-7 I 116 226
Daughter 19 i R +ro1 460 32 ; 214 i 12°2 22°§
L +1-01 46-0 32 ! 21°3 - 123 22'§
Son 16 R +r-or 456 3-8 ; 21°2 | 11°4 230
L +4r1-01 463 37 ! 21-8 | 120 225
28 Father 49 R +o0-30 . 4390 2-9 [ 19°9 ! 11°9 241
L +1-29 | 428 2-8 : 19°3 i I1-3 241
Mother 40 R —2'84 427 31 | 21°2 : 12-8 253
L —2-18 42°4 34 19°9 ‘ 120 25°5
Daughter 18 | R —1-23 442 35 19°3 11°4 24'S
) ! L —o74 442 36 201 ! 117 242




