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SUMMARY The mean paternal age at birth of 80 presumed mutant cases of dominant osteogenesis
imperfecta (01) was significantly higher than that of population controls and remained so after
adjusting for maternal age. There was also an increase in mean maternal age (not significant)
which disappeared after adjusting for paternal age. No significant increase in maternal or
paternal age was found in cases having 01 either of a dominant type with an affected parent or of
a type (Sillence type III) usually regarded as recessive. We conclude that, as in certain other
dominant conditions, the risk of mutant 01 increases with paternal age. However, the rate of
increase of risk with paternal age appears to be considerably lower than, for example, in
achondroplasia. The overall risk of fresh dominant mutation in older fathers may therefore be
lower than has previously been suggested.

Osteogenesis imperfecta (01) is a genetically hetero-
geneous group of disorders caused by defects of
collagen synthesis. Sillence et all proposed a classi-
fication of the disease into four types: types I and IV
being autosomal dominant, and types II and III
thought to be autosomal recessive. A recent refine-
ment has been to divide types I and IV into subtypes
A and B depending on the absence or presence,
respectively, of dentinogenesis imperfecta.2 3 The
characteristics of each type have been fully docu-
mented' 3 4 and most cases can be classified without
difficulty on the basis of clinical features and family
history. However, some sporadic cases may be hard
to classify, since the distinction between a recessive
case and a new dominant mutation is based solely on
phenotype. In our view, there is little likelihood of
error with type I mutants, but it may be difficult to
distinguish type IV mutants from cases with type III.
An effect of paternal age on the liability to new

mutation has been shown in other autosomal domi-
nant disorders.5 6 In the case of 01, Vogel7 analysed
33 presumed mutants from Seedorff's series8 and
found a positive and just statistically significant birth
order effect. However, he pointed out that the
analysis may have been misleading because of the
possibility that parents may cease reproducing after
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the birth of an affected child. The 10 mutant type I
cases reported by Sillence et all had a mean paternal
age 2-1 years greater than that of population
controls, but this difference was not statistically
significant. Taken together, the two studies suggest
that a small paternal age effect is present in OI
mutants, but the low numbers involved and the
methodological difficulties make such a conclusion
unreliable. We present here an analysis of the
paternal age effect in a much larger group of known
or presumed mutant cases of dominant 01.

Patients and methods

Cases were ascertained as part of a large survey
described previously.3 4 Each patient was classified
on clinical grounds according to the Sillence
scheme.' Those born before 1935 and those not
born in England, Wales, or Scotland were excluded.
Where possible the parents of patients were ex-
amined for scleral colour, skull shape, and the
presence or absence of dentinogenesis imperfecta.
A fracture history was also taken. By these means
OI could be reliably excluded in the parents of all
but a small minority of the 20 cases with type IVA.
For patients whose parents were not seen personally,
a careful family history was taken and patients were
included only if there was a clear indication that the
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parents were either affected or not. Only four
patients were excluded for this reason, of whom two
had been adopted.

Control data were taken from the published
statistics for England and Wales,9 l" These record
the population distribution of maternal age since
1939, and of maternal age in relation to paternal age

since 1961. Thus, analysis of paternal age was

possible only for later born cases. We have arbi-
trarily taken 1957 as the earliest year of birth for this
purpose. Control data for paternal age were not
available for every year since 1961, but only at
approximately five year intervals. Each patient was

therefore matched to the control data closest to
his/her year of birth. For the analysis of maternal
ages of cases born between 1935 and 1956, control
data for 1939, 1944, 1949, and 1954 were used and
each case was matched to the year closest to his/her
year of birth. Data for legitimate livebirths were

used, this being considered the most appropriate
comparison with cases for whom both parental ages
were known. It was not thought necessary to use

Scottish population controls for the Scottish born
cases, since they comprised only about 10% of the
total, and since the parental age distributions for
Scotland are very similar to those for England and
Wales."l Table 1 gives details of the cases analysed.

For each case we calculated

d=y-m(y),
where y=paternal age of the case and m(y)=popula-
tion mean paternal age for the appropriate year of
birth. The mean and standard error of d taken over

all cases provided an estimate of the mean paternal
age difference betweeii cases and controls. A similar
analysis was performed for maternal age. These
analyses are described as 'unadjusted'.

In order to establish whether a difference in mean
paternal age should be attributed to paternal age as

such or to a primary maternal age effect, we also
examined the increase in paternal age, adjusted for
maternal age. For a particular case with paternal age
y and maternal age x, we calculated

TABLE 1 Number ofcases born in England, Wales, or

Scotland, for whom both parental ages are known.
Ofthose regarded as mutants oftypes I and IV, the
numbers for whom both parents were seen personally by
CRP or SMcA are given in parentheses.

Sillence type Parents Born since 1957 Born 193.5-I956

1 One affccted 1(9 48
I Unaffected 48 (211) 26 (1)
111 Unaffected 711 9
IV One affcctcd 411 17
IV Unatffccted 32 (211) 13 (1)

d=y-m(y'x),
where m(y|x)=population mean paternal age at
maternal age x for the appropriate year of birth. The
mean and standard error of d taken over all cases
were used for estimation as in the unadjusted
analysis. A similar analysis was performed for
maternal age adjusted for paternal age. A technical
difficulty with this type of analysis arises from the
fact that the joint parental age distributions are
tabulated by quinquennial age groups. It has been
demonstrated that the uncritical use of such tables in
an adjusted analysis can give rise to spurious age
effects. 12 We have avoided the difficulty by estimat-
ing m(ylx) and m(xly) for single year intervals by
linear interpolation between the estimated mid-
points of successive quinquennial intervals.

Results

Table 2 shows the mean excess of paternal age
compared with the control population in different
groups of 01 cases born since 1957. Taking the 80
known and probable mutant cases of types I and IV
together, the paternal age was significantly in-
creased by about 1 7 years (p-0O02); the increase
became even more significant when adjusted for
maternal age (p-0005). When the mutants were
divided into two groups according to whether or not
the parents had been examined personally, there
was no significant difference in the increase in
paternal age.
Table 3 shows the mean excess of maternal age in

the same groups of cases. Among the mutants the
mean maternal age was increased, though not
significantly, by about 0(5 years, but was decreased
relative to the controls after adjusting for paternal
age. Similar figures for unadjusted maternal age

TABLE 2 Paternal age analysis for cases born since 1957.

Sillence Parents No Mean excess of paternal age over
type control population (y)

Unadjusted Adjusted for
maternal age

Mean SE Mean SE

I Unaffected 48 2 02 0)95 165 1161
IV Unaffected 32 1-24 18-() ()81 1-71
I+IV Unaffectcd* 40 1.53 (198 1155 0(66
I+IV Unaffcctedt 411 1*89 10(8 2 08 0(64
I+IV Unaffectcd 80 1-71 11.73 1 31 0-46

(tot.l)
I+IV One affccted 149 -t)5() 1146 0(30 0-39
111 Unaffccted: 711 (119(1 165 0(41 11.44

*Both parents scen pcrsonally by CRP or SMcA.
tOne or both parents not seen personally; hoth relialbly reported as normal.
: Parents sccn pcrsonally in 62 cases.
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TABLE 3 Maternal age analysis for cases born since 1957.

Sillence Parents No Mean excess of maternal age over
type control population (y)

Unadjusted Adjusted for
paternal age

Mean SE Mean SE

I Unaffected 48 0-41 0-79 -0-86 0-46
IV Unaffected 32 0-51 0-89 -0-42 0-57
I+IV Unaffected* 40 1-09 0-87 0-04 0 55
I+IV Unaffectedt 40 -0-19 0-86 -1-40 0.47
I+IV Unaffected 80 0-45 0-61 -0-68 0-37

(total)
I+IV One affected 149 -0-84 0-43 -0-51 034
III Unaffected: 70 0-61 0-57 -0-06 0-36

*Both parents seen personally by CRP or SMcA.
tOne or both parents not seen personally; both reliably reported as normal.
IParents seen personally in 62 cases.

were found in the group of cases born between 1935
and 1956 (table 4).
Of the individual subtypes, only type IA (n=38)

was sufficiently represented in our sample to justify
a separate analysis. The results were similar to those
described above. Thus, the mean paternal age of
type IA mutants was significantly increased by 2-9
years (p=0-01), and the increase remained signifi-
cant when adjusted for maternal age (p=0-02).
Mean maternal age was increased, though not
significantly, by about 1-2 years, but was decreased
relative to the controls after adjusting for paternal
age.
Among the cases with dominant types of OI and

an affected parent, mean paternal and maternal ages
were reduced, significantly for maternal age
(p-0O05). It is difficult to draw conclusions from
this, since the reproductive histories of affected
parents may be influenced by the knowledge of their
condition.
The mean paternal age of the type III cases was

increased, though not significantly, by about 09
years.

TABLE 4 Maternal age analysis for cases born 1935-1956.

Sillence Parents No Mean excess of maternal age over
type control population (v): unadjusted

Mean SE

I Unaffected 26 0-56 0 93
IV Unaffected 13 0-54 1.42
I+IV Unaffected* 2 -0-75 500
I+IV Unaffected' 37 0-62 0 81
I+IV Unaffected 39 0-55 0(79

(total)
I+IV One affected 65 -0-16 072
III Unaffected 9 4-6) 1-81

*Both parents seen personally by CRP or SMcA.
tOne or both parents not seen personally: both reliably reported as normal.

Discussion

We conclude that among mutant cases of dominant
01 there is a real increase in mean parental age, that
this is entirely attributable to paternal age, and that
maternal age is not itself a risk factor. Our figures
for the mean maternal age of cases born between
1935 and 1956 were similar to those for cases born
later. This suggests that, had suitable controls been
available, a similar paternal age effect might have
been observed for the earlier period. In arriving at
these conclusions we have pooled the data for the
four subtypes (IA, IB, IVA, and IVB), although
similar conclusions also applied to the type IA
mutants considered separately. There was no evi-
dence of heterogeneity of parental age effects
between subtypes, but we cannot rule out such a
possibility because of the relatively small numbers of
mutants with types IB, IVA, and IVB. However,
this limitation is not relevant to the discussion that
follows.
Advanced paternal age has been implicated as a

risk factor for mutation in several autosomal domi-
nant disorders including achondroplasia, Apert's
syndrome, and Marfan's syndrome. 6 There is also
evidence for an association with advanced maternal
grandpaternal age in a sex linked recessive disorder,
haemophilia A. 13 In these conditions, the mean
paternal age at birth of mutants is raised by five to
eight years relative to population controls, an effect
comparable in magnitude to that of maternal age in
Down's syndrome.'4 In other presumed dominant
conditions, however, the paternal age effect appears
to be much smaller or even absent (for example, in
bilateral retinoblastoma, neurofibromatosis, tuber-
ous sclerosis, and aniridia5). Friedman14 has sug-
gested that this difference is attributable, at least in
some disorders, to the inclusion of misdiagnosed
familial or recessive cases among the presumed
mutants, and that it is therefore reasonable to
assume that the true underlying paternal age effect
for all autosomal dominant mutations is comparable
to that for achondroplasia. He concludes, on the
basis of this and other assumptions, that "the risk
that a man who is over 40 years old will have a child
with an autosomal dominant disease due to new
mutation is no less than 0-3 to 0-5 per cent".
We believe that our results conflict with this

argument. We have established that the paternal age
effect in 01, although definitely present and attri-
butable to paternal rather than maternal age, is
considerably less than in achondroplasia (figure).
Based on our data, a 95% confidence interval would
exclude an increase in mean paternal age greater
than about three years. Thus, to make our results
consistent with Friedman's assumption, we should

229

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.23.3.227 on 1 June 1986. D
ow

nloaded from
 

http://jmg.bmj.com/


Andrew D Carothers, Susan J McAllion, and Colin R Paterson

8-

4-

._

.0_

0~

1-

I
-0

I

J*~~~

J*~~~~~

0*It~ ~

25-29 30-34
Paternal age (years)

FIGURE Increase of relative risk with paternal age. Relative
risk is defined as I for age group <25 years.-- 8001
mutants from present study. - - - - - 102 achondroplasia
mutants from Murdock et al.'"

have to suppose that at least half of our presumed
mutants were unrecognised familial or recessive
cases. This is very improbable, although we accept
that a small number of our presumed mutants,
particularly of type IV, may have been misclassified.
Evidence that few familial cases are unrecognised
comes from a segregation analysis of our data. Out
of 827 offspring of parents affected with type I or

type IV 01, 435 (52-6%) were themselves affected
(excluding probands) and 392 (47-4%) were

unaffected. The numbers do not differ significantly
from those expected with a 1:1 ratio. One implication
of our findings is that in other dominant conditions
also, the effect of paternal age on the mutation rate
may be much smaller than in achondroplasia. If the
paternal age effect for 01 were representative of
that for dominant mutations in general then,
provided that Friedman's other assumptions

remained valid, the risk of new dominant mutants
among the offspring of fathers over 40 years old
would be approximately 0*1%. It seems doubtful
that such a level of risk would be sufficient, by itself,
to justify Friedman's recommendation that men
should complete their families before the age of
40 years.

We are indebted to the Brittle Bone Society and its
members for their support, to the Rehabilitation
and Medical Research Trust for financial support,
and to Miss Ruth Miller for assistance with data
handling.
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