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In our  three-stage questionnai re study we investigated patterns of tw in and fami l ial  aggregation of
osteoar thr i tis (OA) for  commonly affected joints. The basel ine questionnai re study of the Finnish
Twin Cohor t was per formed in 1975. In 1990, 4095 twin pai rs of the same gender  born 1930–1957
responded to a questionnai re and repor ted whether  they had OA diagnosed by a physician. In
1996 both twins of 266 pai rs of which at least one had repor ted OA in 1990 responded to a detai led
questionnai re on joint-specific OA, including fami ly history of OA. In male pai rs shared (non-
genetic) fami l ial  effects accounted for  37% of the total  var iance in l iabi l i ty to OA and unshared
envi ronmental  effects for  63%. In female pai rs addi tive gene effects explained 44% of the var iance
in l iabi l i ty to OA, and unshared envi ronmental  effects for  36%. Fami l ial  aggregation of finger  and
knee OA was clear ly higher  than that of hip OA. Twin-pai r  discordance for  OA was, to some
extent, associated wi th body-mass index, occupational  loading and trauma. Our  resul ts indicate
that genetic effects may be modulated by sex or  by envi ronmental  factors distr ibuted di fferently
between men and women. Based on our  joint-specific data finger  and knee joints are the most
optimal  targets for  studies of genetic factors predisposing to the development of OA.
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Introduction

The suspected risk factors for osteoarthri tis (OA)
include genetic predisposi tion,

1–3
obesi ty,

4,5
pre-

vious injuries,
5–7

and various physical  loading
condi tions.

4,8–10

Some types of work-related loading, such as
handl ing of heavy material  and work involving
kneel ing, have been associated wi th a higher inci -
dence of OA of lower-l imb joints.

4,7,8
In particular,

meniscal  and l igamentous knee injuries predispose
to knee OA.

7
Hel i övaara et al

11
reported that in terms

of the population attributable fraction, prior trauma,
physical  stress and body mass explained 59% of the
prevalence of hip OA. However, studies investigat-
ing the relationship between loading patterns and
the pathogenesis of OA have in general  been able to
explain only less than one hal f of the variation in the
occurrence of OA. Hand joints are not weight-
bearing, and uni lateral  hand OA does not correlate

wi th hand lateral i ty
12

rul ing out at least a major
influence of physical  loading in the etiology of hand
OA, even though manual  work may be associated
wi th the occurrence of hand OA. Even though the
role of various types of loading in the development
of OA is sti l l  incompletely understood, genetic
factors are of substantial  interest. Fami l ial  l iabi l i ty to
OA may be mediated by genes having a di rect effect
on the biology of the carti lage and other tissue
components of joints, but also by other factors that
may accumulate into fami l ies, such as obesi ty and
occupational  class.

A recent report by Spector and col leagues
13

describes the genetic influences on OA in mono-
zygotic and dizygotic female twins and concludes
that the resul ts show a distinct genetic effect of the
hand and knee OA in women (ranging from 39% to
65%), independent of known envi ronmental  or
demographic confounders. These figures can be
considered as an upper bound of the genetic influ-
ence. Previous studies have shown high fami l ial
aggregation of Heberden’s nodes.

14,15
The presence

of Heberden’s nodes was shown to be strongly
associated wi th polyarticular primary OA.

16
Based

on earl ier studies i t also seems that fami l ial  aggrega-
tion of hand and knee OA is higher than that of hip
OA.

17,18
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OA is a component of many osteochondrodys-
plastic syndromes which fol low Mendel ian modes
of inheri tance. Mutations have been identified in
genes encoding extracel lular matrix proteins of
carti lage such as type II col lagen

3
and other carti lage

col lagens including COL11A2
19

and COL9A2.
20

Other loci  involved in syndromic OA comprise
carti lage ol igomeric matrix protein,

21
a sulphate

transport protein,
22

and FGFR3.
23

However, muta-
tions in these genes are unl ikely to be primary causes
of OA wi thout syndromic features. The etiology of
the common form of primary OA seems to be
mul ti factorial , di fferent defects in mul tiple genes
together wi th envi ronmental  factors causing the
disease. Sib pai r analysis and l inkage studies in
fami l ies wi th nonsyndromic OA should expose new
loci  predisposing to this common complex trai t.

Exact knowledge on the joint-specific fami l ial
aggregation of OA would benefit the planning of
optimal  study designs to define the genetic factors
predisposing to the development of OA. To this aim
we investigate the twin and fami l ial  aggregation of
OA in overal l  and the di fferences in the aggregation
by joint.

Mater ials and methods

The Finnish Twin Cohort includes al l  tw in pai rs of
the same gender born before 1958 wi th both co-twins
al ive in 1967,

24
who were selected from the Central

Population Registry of Finland in 1974. A general

heal th questionnai re was mai led to this cohort in
1975. In the 1975 questionnai re the subjects reported
thei r weight and height based on which we calcu-
lated body-mass index (kg/m

2
). The questionnai re

also included a question on the occupational  loading
of the subject’s current or latest job wi th four
al ternatives:

(i ) mainly sedentary work,

(i i ) job includes mainly standing and walking
wi thout heavy physical  loading,

(i i i ) in addi tion to standing and walking the job
includes l i fting and carrying, and

(iv) heavy manual  work.

A first fol low-up general  heal th questionnai re in
1981 included the same i tems.

In 1990 a second fol low-up general  heal th ques-
tionnai re was mai led to twin pai rs wi th both
co-twins known to be al ive and resident in Finland
in 1987, who were born between 1930 and 1957
(aged 33 to 60 years) (n = 17 876 twin individuals,
8938 pai rs). In October 1990, 16 179 twin individ-
uals could be contacted and 12 504 returned the
questionnai re (response rate 77.3%). The ques-
tionnai re consisted of 103 mul tiple-choice ques-
tions, including the body-mass index and occupa-
tional  loading i tems as in 1975. Both members of
4095 twin pai rs (1757 men pai rs [577 MZ and 1180
DZ] and 2338 women pai rs [836 MZ and 1502 DZ])
responded to the questionnai re (Table1) and

Table 1 Reports of physician-diagnosed osteoarthri tis (OA) by age-group and zygosi ty in the 4097 twin-pai rs of whom both answered
the 1990 questionnai re and aged 33 to 60

Twin pairs Both twins have One twin has Neither twin was
N OA OA OA

Age group N (%) N (%) N (%)

33–39Al l 1449 2 (0.1) 53 (3.7) 1394 (96.2)
MZ 514 0 (0.0) 21 (4.1) 493 (95.9)
DZ 935 2 (0.2) 32 (3.4 901 (96.4)

40–44 Al l 890 5 (0.6) 71 (8.0) 814 (91.5)
MZ 300 3 (1.0) 23 (7.7) 274 (91.3)
DZ 590 2 (0.3) 48 (8.1) 540 (91.5)

45–49 Al l 681 9 (1.3) 85 (12.5) 587 (86.2)
MZ 250 3 (1.2) 29 (11.6) 218 (87.2)
DZ 431 6 (1.4) 56 (13.0) 369 (85.6)

50–54 Al l 535 27 (5.0) 124 (23.2) 384 (71.8)
MZ 188 9 (4.8) 33 (17.6) 146 (77.7)
DZ 347 18 (5.2) 91 (26.2) 238 (68.6)

55–60 Al l 540 58 (10.7) 192 (35.6) 290 (53.7)
MZ 161 19 (11.8) 45 (28.0) 97 (60.2)
DZ 379 39 (10.3) 147 (38.8) 193 (50.9)

33–60 Al l 4095 101 (2.5) 525 (12.8) 3469 (84.7)
MZ 1413 34 (2.4) 151 (10.7) 1228 (86.9)
DZ 2682 67 (2.5) 374 (13.9) 2241 (83.6)

Al l  men 1757 32 (1.8) 221 (12.6) 1504 (85.6)
Al l  women 2338 69 (3.0) 304 (13.0) 1965 (84.0)

Twin pai rs mai led detai led questionnai re in 1996 indicated by shading (see methods).
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reported whether they had ever been told by physi -
cian that they had OA.

In 1996 we mai led a questionnai re (avai lable from
authors upon request) to investigate OA in twins and
thei r fami l ies; i t was sent to those twin pai rs of
Finnish mother tongue of whom both were al ive in
1996, and of whom both reported OA and aged 33 to
60 in 1990, and to those pai rs of whom one twin
reported OA and aged 33 to 54 in 1990. Of these 612
subjects, 560 (91.5%) responded to our question-
nai re including 266 twin pai rs (89 men pai rs [43 MZ
and 46 DZ] and 177 women pai rs [80 MZ and 97 DZ])
in which both responded to the questionnai re. In
addi tion there were 28 pai rs of whom only one twin
repl ied. This questionnai re included questions on
physician diagnosed OA by joint, as wel l  as occur-
rence of OA in the twins’ parents and non-twin
sibl ings. In the 1996 questionnai re we also asked for
possible previous injuries (such as fracture, l iga-
mentous or meniscal  injury) that had preceded onset
of the OA by joint, and current weight and height.
Thus, BMI values and occupational  loading data
were avai lable on most subjects from four occasions
spanning 20 years, the last one being an OA-specific
study.

Statistical analysis

When the number of unaffected twin pai rs in the
population is known as for the 1990 data, sophisti -
cated models can be used to estimate the contribu-
tion of genetic factors to the susceptibi l i ty to OA. For
complex disease, the mul ti factorial  model  is often
used. It assumes that there is normal ly distributed
l iabi l i ty to disease. When a certain level  or threshold
of l iabi l i ty is reached, the disease becomes mani -
fest.

25
Both genes and envi ronmental  factors are

assumed to contribute to the l iabi l i ty and they resul t
from the joint effects of numerous genes wi th smal l
effects and a spectrum of envi ronmental  effects.
These assumptions were considered reasonable for
this analysis based on prior knowledge of the
genetics and envi ronmental  determinants of OA.
Threshold models wi th addi tive genetic (A), dom-
inance (non-addi tive) (D), shared envi ronmental  (C)
or unique envi ronmental  (E) sources of variation in
the underlying l iabi l i ty to disease can be fi t. Shared
effects are those envi ronmental  effects that are
common to fami ly members (twins), for example
parental  socio-economic status, whi lst unique envi -
ronmental  factors are not shared (for example, adul t
occupational  exposures). Various combinations of
sources of variation can be fi tted and the best fi tting
combination found, as described below. This per-
mi ts assessment of the significance of addi tive
genetic effects, effects due to dominance, and shared
envi ronmental  effects to the variation in disease

susceptibi l i ty in the population. The models are
estimated based on zygosi ty-specific 2 by 2 con-
tingency tables (disease present/absent in tw in 1 vs
disease present/absent in tw in 2).

26

Among the 1990 questionnai re responders, the
correlation in l iabi l i ty to OA of any joint between the
two members of MZ and DZ twin pai rs was esti -
mated by tetrachoric correlation, which is a correla-
tion of a bivariate normal  distribution that dupl i -
cates the cel l  probabi l i ties from a 2 by 2 contingency
table.

26
Structural  equation model l ing techniques

wi th the Mx software package
27

were used to
estimate variance components, thei r 95% confidence
intervals, and compare di fferent genetic models.

In the structural  equation models, parameter esti -
mates and goodness-of-fi t statistics are computed as
described in detai l  elsewhere.

26
The goodness-of-fi t

statistics assess to what degree the model  specified
by the investigators adequately corresponds to the
data; a smal l  goodness-to-fi t �2

value and high P
value indicates good correspondence between the
model  and data. Akaike’s information cri terion (AIC)
is a statistic which combines information on the
goodness-of-fi t and the simpl ici ty of the model .

26

The best model  is thus general ly the one wi th the
lowest AIC value. A l ternative models that speci fy
di fferent effects can be compared by assessing the
change in �2

relative to changes in the degrees of
freedom between models.

26
Heri tabi l i ty is a popula-

tion-specific parameter, which gives the proportion
of overal l , phenotypic variance attributable to
genetic factors.

28

Among the 1996 questionnai re responders, we
investigated joint-specific bi lateral i ty of OA in the
twins, and fami l ial  aggregation of OA in the parents
and sibl ings of the twins. We further calculated joint-
specific probandwise concordances

29
(affected indi -

viduals that belong to concordant pai rs per al l
affected individuals that belong to ei ther concordant
or discordant pai rs) of the reported OA by di fferent
joints.

Resul ts

Occurrence of OA in 1990

In 1990, in 101 (2.5%) pai rs both of the twins
reported OA and one twin of 525 (12.8%) pai rs
reported OA, the prevalence of OA increasing
expectedly by age (Table1). A MZ male twin had an
increased risk to have OA i f his co-twin had OA
(relative risk, RR 2.32; 95% CI: 1.10–4.88) compared
wi th a twin whose co-twin did not report OA.
Correspondingly, the risk was increased in DZ male
twins (RR 1.51; 95% CI: 1.03–2.23), in MZ female
twins (RR 3.12; 95% CI: 1.99–4.89) and DZ female
twins (RR 1.53; 95% CI: 1.10–2.12).
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In male pai rs the tetrachoric correlation coefficient
for l iabi l i ty to osteoarthri tis was 0.34 (SE 0.12) in
monozygotic pai rs and 0.38 (0.07) in dizygotic pai rs.
Model  fi tting indicated that the data were adequately
accounted for (�2

= 2.09, P = 0.72) by a model  wi th
shared (non-genetic) fami l ial  effects accounting for
37% (95% CI: 24–49%) of the total  variance in
l iabi l i ty to the disease and unshared envi ronmental
effects accounting for 63% (95% CI: 51–76%).
Models that included genetic effects fi tted sig-
nificantly worse (Table2). In female pai rs the tetra-
choric correlation coefficient for l iabi l i ty to osteoar-
thri tis was 0.62 (SE 0.07) in monozygotic pai rs and
0.42 (0.06) in dizygotic pai rs. Model  fi tting indicated
that the data were best accounted for (�2

= 3.82,
P = 0.28) by a model  wi th addi tive gene effects
explaining 44% (95% CI: 8–74%) of the variance in
l iabi l i ty to the disease, and shared effects accounting
for 20% (95% CI: 0–46%) and unshared envi ron-
mental  effects accounting for 36% (95% CI:
25–50%). Models that did not include genetic effects
fitted significantly less wel l .

Joint-specific occurrence of OA in 1996

Joint-specific prevalences of reported physician-
diagnosed OA in the 560 subjects responding to the
1996 questionnai re are shown in Table3. The OA
was reported to be bi lateral  most commonly in finger
joints (Table3). Of the 560 subjects, 422 were able to
report whether thei r father, and 476 whether thei r
mother, had OA which interfered wi th dai ly l i fe.
Except for tw ins wi th hip OA the prevalence of OA
was usual ly higher in the parents, particularly in
mothers, of those subjects who had OA (Table4).
This di fference was most apparent wi th respect for
OA of fingers. In the non-twin sibl ings of the twins,
OA was more common in the sibl ings of those twins
that had OA in thei r fingers than in the sibl ings of

those twins that did not have OA in thei r finger
joints (Table4).

The pai rwise occurrence of OA in the 266 pai rs of
twins, of whom both repl ied in 1996, is shown in
Table5. The probandwise concordances were high-
est for OA of the knees and fingers (Table5). There
were 16 pai rs of whom both twins reported bi lateral
finger OA, the respective number of pai rs being 1 for
bi lateral  hip OA and 5 for bi lateral  knee OA. There
were no twin pai rs in which both reported bi lateral
ankle OA. If one of the twins had hip OA (uni lateral
or bi lateral ) 35.3% of the co-twins had OA in any
joint, respective values being higher for other joints
studied (knee 48.4%, ankle 64.7%, fingers 50.0%).

Factors predisposing to OA in discordant twin
pairs

Based on the 1996 questionnai re there were 64 twin
pai rs discordant for hip OA and 70 twin pai rs
discordant for knee OA and 73 discordant for finger
OA. Among the twin pai rs discordant for OA of
specific joints, previous injuries explained the
occurrence of OA in two twin pai rs discordant for
hip OA, eight pai rs discordant for knee OA and in
five pai rs discordant for finger OA.

Compared wi th the unaffected co-twin the body-
mass index in 1975 tended to be higher in the twin
wi th knee OA (mean di fference 0.71, SEM 0.38,
P = 0.068 by two-tai led pai red t-test). This di ffer-
ence between the discordant tw in pai rs remained
fai rly simi lar from 1975 to 1996. There were no
di fferences in body-mass index among twin pai rs
discordant for hip OA, and among twin pai rs
discordant for finger OA. Exclusion of tw in pai rs in
which trauma explained the discordance changed
these resul ts only minimal ly.

Among the twin pai rs discordant for hip and knee
OA, the twin wi th OA reported in 1990 more

Table 2 Comparison of al ternative genetic models fi t to Finnish twin data on sel f-reports of physician-diagnosed osteoarthri tis from
the 1990 questionnai re. Univariate tw in analysis for addi tive genetic (A) effects, common (C) shared envi ronmental  effects and
envi ronmental  (E) effects unique to each subject

Components of variance estimates Goodness-of-fi t tests
Model Additive Common Unique �2 d.f. AIC

genetic (shared) environmental
effects environment effects

Men
1 ACE 0.00 0.37 0.63 2.09 3 –3.91
2 AE 0.49 – 0.51 6.49 4 –1.51
3 CE – 0.37 0.63 2.09 4 –5.91
4 E – – 1.00 33.5 5 23.5

Women
1 ACE 0.44 0.20 0.36 3.82 3 –2.18
2 AE 0.68 – 0.32 6.12 4 –1.88
3 CE – 0.49 0.51 9.59 4 1.59
4E – – 1.00 104.7 5 94.7

AIC: Akaike’s information cri terion: a global  measure of goodness-of-fi t (see methods).
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commonly the occupational  loading higher than that
reported by the co-twin (Table6), but the di fferences
were less apparent in the reports in 1975. Among
twin pai rs discordant for finger OA there was no
di fference in the occupational  loading between the
co-twins.

Discussion

Based on our twin study, physician-diagnosed OA
appears to be more often due to genetic effects in
women than in men, and finger and knee OA show
greater evidence of genetic contribution than does
OA in the hip.

Our study was based on the subjects’ reports on
physician-diagnosed OA, which is usual ly based on
cl inical  and radiographic examinations of sympto-
matic subjects, but standard radiographic grading is
lacking. This l imi ts the val idi ty of our data even
though there is no gold standard in the classification
of OA.

30,31
This methodological  compromise was

accepted because we studied joint-specific fami l ial
aggregation of OA and i t was not ethical ly acceptable
to X-ray al l  the non-symptomatic joints of the
subjects. Mi ld cases or misdiagnosed cases would
tend to be missed leading to greater discordance in
twin pai rs. This should not affect analyses by
zygosi ty. A lso comparison of di fferent joints wi thin
individuals is unl ikely to be affected. In a study
comparing sel f-report of common medical  condi -
tions including OA wi th medical  records, Haapanen
et al

32
found that sel f-report of hip or knee OA had a

specifi ty of 88% and a sensi tivi ty of 62%.
Among the whole study cohort, our data for

women are consistent wi th those of Spector and
col leagues,

13
who report that 41–46% of the variance

in the narrowing trai t score for al l  joints in thei r
subjects was accounted for by addi tive genetic
effects. In contrast, our resul ts for men indicate that
genetic effects may be modulated by sex or by
envi ronmental  factors, such as occupational  loading
and injuries, distributed di fferently between men
and women.

Among the responders to the 1996 questionnai re
we found evidence for higher fami l ial  aggregation of
OA of fingers and knees than of OA of hips. This is
supported by high fami l ial  aggregation of OA, high
bi lateral i ty of OA and high concordance rate. A
recal l  bias may exist in case of reporting
co-occurrence of OA in fami ly members. However,
our finding agrees wi th early studies on the heredi ty
of Heberden’s nodes.

14,15
Based on earl ier studies

there is a higher prevalence of mul tiple joint OA in
subjects wi th Heberden’s nodes than in those wi th-
out Heberden’s nodes. A lso, in the polyarticular

Table 3 Reported prevalence of physician-diagnosed osteo-
arthri ti s (OA) of speci fic joints among the 560 tw in subjects
responding to the questionnai re in 1996a

Joint Bi lateral Uni lateral Total subjects
(N, %) (N, %) with OA

Hip 36 (48.6) 38 (51.4) 74
Knee 57 (46.7) 65 (53.3) 122
Ankle 16 (42.1) 22 (57.9) 38
Fingers 90 (79.6) 23 (20.4) 113

aFrom 266 ful l  tw in pai rs and 28 pai rs wi th one responder.

Table 4 Occurrence of OA in the parents and non-twin sibl ings of the twin subjects according to the affected joint in the twin subjects

Affected joint Proportion of Pb Proportion of Pb Proportion of Pb

in twin mothers with fathers with non-twin sibl ings
OA(%)a OA (%)a wi th OA (%)a

Hip Yes 13.2 0.47 15.3 0.45 28.5 0.27
No 10.6 11.9 23.2

Knee Yes 27.2 0.003 24.3 0.40 31.8 0.013
No 15.5 20.0 21.8

Ankle Yes 8.8 0.030 6.3 0.96 41.4 0.040
No 3.5 7.1 23.7

Fingers Yes 24.8 <0.001 26.1 0.053 41.2 0.0001
No 12.4 17.0 19.6

a% of the subjects able to respond to the speci fic question on the occurrence of OA in mother, father or non-twin sibl ing.
bP for di fference in the occurrence of OA in the parents and in non-tw in sibl ings by the occurrence of joint-speci fi c OA in tw in
individuals (�2 test).

Table 5 Physician-diagnosed OA of speci fic joints and thei r probandwise concordances (Pw) among the 266 twin pai rs in which both
twins answered the questionnai re in 1996

Joint MZ DZ All
One has Both have Pw One has Both have Pw One has Both have

OA OA OA OA OA OA

Hip 35 4 0.186 29 0 0.000 64 4
Knee 37 17 0.456 33 6 0.267 70 23
Ankle 20 2 0.167 11 1 0.154 31 3
Fingers 37 9 0.327 36 8 0.308 73 17

Familial aggregation of OA
UM Kujala et al.

200

https://doi.org/10.1375/twin.2.3.196 Published online by Cambridge University Press

https://doi.org/10.1375/twin.2.3.196


disease, knees are often symptomatic but there is
l i ttle evidence of an overabundance of hip OA in
those wi th Heberden’s nodes or general ised
OA.

1,16,33,34
Our data are consistent wi th these

studies and recent observations on a strong associa-
tion between hand and knee OA.

35,36
Based on our

data and earl ier studies i t seems evident that study
series consisting of OA cases wi th primari ly affected
finger and knee joints would be most optimal  targets
to study genetic influence on the development of OA
since they revealed the highest genetic component.
Despi te the relatively low cl inical  importance of
interphalangeal  OA, investigation of the associations
between genetic variabi l i ty and OA of the fingers
offers a good model  to investigate the genetic factors
behind OA. A lso, X-raying of finger joints does not
expose individuals to high radiation doses. Previous
occupational  loading and injuries explained more of
the discordance for knee OA than that of finger OA,
which supports the idea that variation in the occur-
rence of knee OA, compared wi th finger OA, is
explained more commonly by envi ronmental  fac-
tors. Though OA of the spine may also be a part of
general ised OA, we considered that questionnai re-
based study on spine OA is not val id due to the
mul ti factorial  etiology of back pain.

In conclusion, we investigated the twin and
fami l ial  aggregation of OA overal l  and the di ffer-
ences in the aggregation by joint since exact knowl-
edge of the joint-specific fami l ial  aggregation of
osteoarthri tis (OA) would be of benefit in determin-
ing the etiology of OA and in the planning of optimal
study designs to define the genetic factors predispos-
ing to the development of OA. Based on our data,
genetic effects may be modulated by sex or by
envi ronmental  factors distributed di fferently
between men and women, because gene effects
explained more of the variance in l iabi l i ty to OA in
women than in men. Based on our joint-specific data
i t seems evident that OA specifical ly affecting finger
and knee joints are most optimal  targets to determine
genetic influence on the development of OA.
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