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Abstract
Objective—Evidence was sought for ge-
netic anticipation (disease occurring at an
earlier age in subsequent generations,
with increasing severity) in nodal osteoar-
thritis (NOA).
Methods—Age at symptom onset and dis-
ease severity was compared within 30
parent/oVspring pairs with NOA. Correla-
tion between the oVspring age of disease
onset and the parental age at conception
was also assessed.
Results—The age at onset of nodal symp-
toms was earlier in the oVspring (43 years
(95% confidence intervals (CI) 38 to 47) v
61 (CI 58 to 65); mean diVerence 18 years
(CI 13 to 22): p< 0.001) as was large joint
symptom onset (48 years (CI 41 to 55) v 67
(CI 61 to 73); mean diVerence 20 years
(CI 13 to 27): p< 0.01). A negative correla-
tion existed between age of oVspring
symptom onset and parental age at con-
ception. Fifteen (50%) oVspring had simi-
lar or more extensive disease than their
parents.
Conclusions—These results suggest ge-
netic anticipation occurs in NOA and if
confirmed a search for trinucleotide re-
peats is warranted.
(Ann Rheum Dis 1998;57:524–526)

Genetic anticipation describes a tendency for
certain diseases to occur at an earlier age in
subsequent generations, with increasing sever-
ity in the oVspring. A number of monogenic
diseases including myotonic dystrophy,1 Hunt-
ington’s disease2 and fragile X syndrome3

display this phenomenon. The biological basis
of genetic anticipation is an increased number
of trinucleotide repeat sequences close to or
within the disease predisposing gene. Evidence
exists for a direct correlation between the size
of the expansion and the severity of the disease,
and an inverse correlation with the age of
onset.4 An inverse correlation also exists, in
some disorders displaying anticipation, be-
tween the parental age of conception and the
oVspring age of disease onset.5 This correlation
is greater with paternal than maternal age and
may reflect ongoing mitosis throughout the
lifetime of the paternal germ cells, with an
increasing chance of unstable alleles expanding
over time. Recently, features consistent with
genetic anticipation have been described for
genetically complex diseases such as bipolar
aVective disorder,6 schizophrenia,7 rheumatoid
arthritis,8 and Crohn’s disease.9

Nodal osteoarthritis (NOA), a subset of
osteoarthritis, is characterised by polyarticular
interphalangeal and thumb base OA, Heber-

den and Bouchard node formation, a prepon-
derance in women, and a clear genetic
predisposition. NOA was first recognised as a
discrete clinical entity by Kellegren and
Moore10 and various studies have shown that
genetic factors play an important part.11–13 One
study found that Heberdens and Bouchards
nodes were present in 36% of the relatives of
men with NOA and in 49% of the relatives of
aVected women in comparison to the expected
frequencies in the general population of 17%
and 26% respectively.12 Recently a classic twin
study demonstrated a clear genetic influence
on the development of NOA with a calculated
score for heritability influence ranging from
39–65%.14 Although no causative gene/s have
been identified we have previously described a
possible linkage to a region on the short arm of
chromosome 2 containing three candidate
genes in sib-pairs with NOA.15

As part of a larger study into the genetics of
NOA we wished to determine whether there is
evidence for genetic anticipation occurring in
this disorder. Such evidence may explain the
variable severity and age at onset reported for
this disease and would suggest that a search for
unstable trinucleotide repeat sequences in
NOA might be worthwhile.

Methods
Approval for this study was obtained from the
local research ethics committee. As part of a
larger study collecting families and sib-pairs
with NOA, multicase families with NOA were
identified via unrelated community based
studies, advertising campaigns, and rheumatol-
ogy outpatient clinics. NOA was defined as the
presence of Heberden’s and/or Bouchard’s
nodes aVecting at least two rays of either hand
with or without large joint osteoarthritis (OA)
involvement. Index cases were identified and
the oVspring or parent were interviewed and
examined separately. Information regarding
their date of birth, the age of symptom onset in
their hands and large joints was ascertained.
Symptom onset was defined as the occurrence
of pain, stiVness or swelling in the aVected
joint. Clinical evidence of OA was confirmed
by history and clinical examination. The
number of nodes in each person was counted
and graded on a scale 1–4 according to size and
position (1 = radial superolateral; 2 = ulnar
superolateral; 3 = radial and ulnar superola-
teral; 4 = posterior bar). Large joint OA was
confirmed by clinical examination (restriction
of passive range of movement +/- crepitus or
bony deformity) or a history of joint replace-
ment.

DiVerences in the age of nodal and other
joint symptom onset in the oVspring and their
parents were compared using a Student paired
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t test. Correlation coeYcients were calculated
for age of symptom onset in the oVspring with
parental ages at oVspring conception.

Results
Thirty parent/oVspring pairs with NOA were
identified. In 17 pairs the index case was the
oVspring. Fifteen index cases were identified
through unrelated community based studies or
advertising campaigns. Twenty eight parent/
oVspring pairs were female/female; one was
female/male and the other was male/male.
Intraobserver reproducibility for the scoring of
nodes was good (ê=0.9 for distal interphalan-
geal and ê=0.6 for proximal interphalangeal
nodes). The mean age at onset of nodal symp-
toms was significantly earlier in the oVspring
compared with the parents (43 years (95%
confidence intervals (CI) 38 to 47) v 61 years
(CI 58 to 65); mean diVerence 18 years (CI 13
to 22): p< 0.001) in the oVspring/parent pairs.
Clinical evidence of large joint OA was present
in both oVspring and parents in 16 oVspring/
parent pairs and the mean age of symptom
onset was earlier in the oVspring (48 years (CI
41 to 55) v 67 years (CI 61 to 77); mean diVer-
ence 20 years, (CI 13 to 27), p< 0.01). These
results are summarised in table 1.

The mean duration of symptoms in the
oVspring was 8.4 years (range 2–12 years) and
despite their younger age the mean number of
nodes was only marginally less than their
parents (8 (range 2–17) v 11 (3–18)) as was the
mean grade of node (or mean nodal total
severity score) (17 (2–44) v 24 (3–50)) and
mean number of large joints involved (1.6
(0–9) v 2 (0–8)). Two (6%) oVspring had simi-
lar disease severity and 13 (43%) had more
severe and extensive disease as judged by a
greater number and grade of nodes and/or a
greater number of other joints involved. Of
those 13 oVspring with more severe disease
than their parents nine had a greater number
and grade of nodes than their parents while
four had a greater number of large joints
involved but a similar or fewer number and
grade of nodes.

There was a significant negative correlation
(r = −0.38; p<0.03) between the age of symp-
tom onset in the oVspring and parental age at
conception. The oVspring in the only paternal/
oVspring pair had the earliest age of onset of
symptoms (25 years) with the oldest age of
parent at conception (40 years) When this
paternal/oVspring pair was eliminated from the
analysis, and only maternal/oVspring pairs
were analysed, the correlation between age of
symptom onset in the oVspring and parental
age at conception remained weakly negative
(−0.18) but not statistically significant.

Discussion
The concept of genetic anticipation has
been debated from the early years of the
century with myotonic dystrophy as the most
striking example.16 Throughout most of this
period there has been controversy as to
whether the phenomenon resulted from obser-
vational and ascertainment biases or reflected
a more fundamental mechanism. In 1992 a
trinucleotide repeat (CTG) sequence was dis-
covered at the 3' non-coding region of the
myotonic dystrophy gene, which is normally
transmitted in a stable form from one genera-
tion to the next. The normal number of CTG
copies in the population is between 6 and 30.
If an increase beyond 30 CTG copies occurs,
an allele is produced that acts in an unstable
form in transmission.1 If these expanded
alleles are transmitted in germlines they
appear capable of undergoing large expansions
in early zygotic cell divisions.17–19 These
expanded trinucleotide repeats are the under-
lying mutations that explain anticipation in a
number of other neurological conditions.20

There also appears to be a direct correlation
between the size of the expansion and the
severity of the disease and an inverse correla-
tion with the age of onset.4 21 These discoveries
confirmed that genetic anticipation is indeed a
true biological phenomenon secondary to
specific as yet undefined molecular mecha-
nisms.

In our study group there was evidence of a
significantly younger age of disease onset
(both nodal and large joint OA) in the
oVspring and despite their younger age, 15
(50%) had similar or more severe and
extensive disease than their parents. As there is
no universally agreed measure of “severity” of
NOA we used the number and grade of nodes
and the number of large joints involved
clinically as a reproducible and quantifiable
measure of disease severity.

There was also a significant negative correla-
tion between the age of symptom onset in the
oVspring and parental age at conception. When
the single paternal/oVspring pair was elimi-
nated from the analysis, the correlation be-
tween age of symptom onset in the oVspring
and parental age at conception remained
weakly negative but was not statistically signifi-
cant. This finding is in keeping with the
phenomena of genetic anticipation as in some
diseases in which unstable trinucleotide repeats
have been demonstrated, older fathers tend to
have children with a younger age of disease
onset.5 This probably reflects ongoing mitosis
throughout the lifetime of the paternal germ
cells, with increasing chances of unstable
premutant alleles expanding over time. Ova do
not undergo further mitosis after the birth of
the female and therefore increased mitosis in
male germ cells should result in an increased
mutation rate for fathers. There are, however,
observations in monogenic disorders that sug-
gest specific maternal transmission eVects. For
example, in fragile X syndrome expansion of
the premutation occurs only through the
maternal line.22

Table 1 Comparison of age of onset of nodal and large joint OA symptoms between
parent/oVspring pairs with NOA

Parents (n=30) OVspring (n=30)

Mean age at onset of nodal symptoms (y) (95% CI) 61 (58 to 65) 43 (38 to 47)*
Age at onset of large joint OA (y) (95% CI) 67 (58 to 65) 48 (41 to 55)*

n=16 n=16

*Statistically significantly (see text).
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As NOA is predominantly a female disease,
with relatively late disease expression, it will be
diYcult to confirm the influence of paternal
age at conception on the age of onset in this
disorder. Other possible explanations for the
observations in this study include genomic
imprinting or diVerential X chromosome
inactivation23 and age related maternal in utero
eVects.

Studies of genetic anticipation are poten-
tially subject to a number of biases. Firstly,
ascertainment of pedigrees in which the parent
develops disease late in life and the oVspring
develops disease early in life may lead to earlier
reporting of symptoms in the oVspring because
of awareness and anxiety of familial disease.
Secondly, pedigrees in which the parent devel-
ops early onset disease and the oVspring shows
late onset disease are less likely to be identified.
Thirdly, symptom reporting is retrospective
and may be influenced by other variables such
as age, disease duration, levels of disability,
anxiety, and depression. The presence of such
biases occurring in this study group appear to
be unlikely as; (1) 17 of the index cases were
oVspring with parents who were previously
undiagnosed and had not sought medical
attention; (2) 15 of the index cases were identi-
fied via unrelated community based projects or
advertising campaigns; (3) no parent reported
an earlier onset of symptoms than their
oVspring; and (4) the diVerence in symptom
onset between oVspring and their parents was
in the order of two decades, which is unlikely to
result from chance alone.

This study suggests genetic anticipation
occurs in NOA. If confirmed, a search for
expanded trinucleotide repeats is warranted to
further elucidate the molecular basis of this
common disorder.
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