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Abstract

The 1980 cohort of the Australian Twin
Registry contains 3808 pairs of twins, 258 of
whom self reported a diagnosis of rheumatoid
arthritis (RA) in one or both subjects. Seventy
two pairs were lost to follow up by 1990. The
remaining 186 pairs received a self admin-
istered questionnaire, followed, if necessary,
by telephone interviews to them, their general
practitioners, and their specialists. Twenty
discordant and three concordant pairs of
twins were verified as having RA. The
prevalence of RA in this sample was 0-40%.
There was an 89% false positive rate for the
self reported diagnosis of RA. Pairwise
concordance percentages for RA were as
follows: monozygotic 21% (95% confidence
interval (CI)=6 to 44), dizygotc 0% (95%
CI=0 to 25). It was concluded that: (a) there
is a high false positive rate in self reporting
RA; (b) the prevalence of RA in Australia may
be less than the 0-8-1-0% often quoted; and
(c) genetic factors play some part in the
aetiopathogenesis of RA but do not account
entirely for its determination.

The part played by genetic factors in the
aetopathogenesis of rheumatoid arthrits (RA)
has been the subject of previous study. In
particular, there have been a2 number of twin
studies, notably those evaluating one or more
pairs of rwins,'™® and the rwo population based
studies by the Arthrids and Rheumadsm
Council® and Aho er al.'® Although a combina-
ton of epidemiological surveys, family and twin
studies, and observadons on the reladon
berween disease and HLA genotype has resulted
in a2 berter understanding of RA, nevertheless,
the relative contribution of genetic and environ-
mental factors remains obscure. Previous
studies have been limited by one or more factors
including small sample size, highly selected
patients, and a lack of adequate diagmostc
informadon. To further investigate the aetio-
pathogenesis of RA, we have conducted a study
of twins with RA in Australia. In contrast with
previous studies, we have used a large populadon
based sample and applied strict criteria in
defining, the presence of RA.

Patients and methods

SUBJECTS

The study used the Australian Nadonal Health
and Medical Research Council Twin ch:strv
This is a volunteer regisy started in 1978.
Twins were recruited through schools, com-

munity groups, and -by media advernsing
throughout Australia. About 16 000 pairs of
twins of all types and ages, or about 10~15% of
the expected number, are registered. From
November 1980 1o March 1982 a questonnaire
was sent to all 5967 adult (>18 years) pairs then
registered. Of this group, 3808 twin pairs
returned completed questionnaires (a pairwise
response rate of 64%). The questonnaire was
extensive and included items on age, sex,
Zygosity, birth order, tobacco use, psychological
traits, and a number of physical and psychiatric
symptoms. The disease checklist was completed
for “self’, ‘cotwin’, and ‘other family members’,
RA being one of the 13 diseases or condidons
listed. Zygosity of the twins was diagnosed by
response to a number of items, supplemented in
ambiguous cases by examination of photographs
sent in by the twins. This method has been
shown to be at least 95% accurate in several
other studies.!! On the original questionnaire, a
diagnosis of ‘RA’ in twin or cotwin, or both,
was self reported in 258/3808 pairs. In additon
to the specific question regarding RA, there
were two additonal qusuons asking about the
occurrence of ‘sdff joints in the morning’ and
‘arthrids or rheumadcs’. Only twin pairs
responding positvely to the RA question were
included in this study. By 1990, either one or
both subjects in 72/258 ‘RA’ pairs were lost to
follow up for one of the following reasons:
deceased; refused to contnue as a active
registrant; or untraceable. The remaining 186
pairs formed the focus of this research, although
an attempt was made to phone as many of the
survivors from the 72 ‘unavailable’ pairs to
verify their musculoskeletal status.

CLINICAL PROFILE QUESTIONNAIRE

The following method was used to investigate
the musculoskeleral status of the 186 eligible
pairs. A 19 component self administered clinical
profile questonnaire was developed and
formatted. Most components contained
muldple items. The components probed the
patent’s demographic profile, musculoskeletal
symptoms and signs, history of gastrointestinal
investigaton, beneficial and adverse Peactions
to previous and current treatment with and-
rheumatc drugs, major medical or surgical
problems, concurrent drug treatment for non-
musculoskeletal problems, obstewic history
(wherc applicable), rdzu'onship berween disease
acuvity and gstauon (where applicable),
month, vear and joint of initial onset of RA,
Steinbrocker functional class.? a record of
every )qxnt ever affected by arthritis, and the
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Postal
questionnaire
Returned Not returned
Conclusive Inconclusive Inconclusive Conclusive
Deceased ‘ Reparted RA Deceased
Refused to respond Possible RA Refused to respond
Sick Uncertain diagnosis Sick
Firm diagnosis Firm diagnosis
Healthy musculoskeietal Healthy musculoskeletat
system system
Study rheumatologist
telephoned patient
+/— GP +/- specialist
(ARA criteria for diagnosis)
Endpoint Endpoint Endpoint
for for for .
classification classification classification
{*Other’) {RA or ‘Other) (‘Other’)

=American

Y Final sub; hone
szwymfwdmgmcwy&am damﬁcawnmby sequent telep. tmaadmurum

rhewnawod arthntis; GP=general

revised 1987 American Rheumatism Association
(ARA) classification criteria for RA.!3 The ARA
criteria were completed by the padent’s general
practidoner or spedialist, or both, following the
patdenr’s written consent. Skip opdons were
provided, where necessary, to lead respondents
through irrelevant portons of the clinical profile
quesdonnaire and a truncation procedure was
used [0 terminate the response process for
subjects unaffected by RA.

SURVEY STRATEGY

The figure shows the basic strategy, which used
a postal conract, followed where necessary by
telephone interview. The clinical profile
questionnaire was sent to 186 pairs of twins in
June 1990. Commencing three weeks later,
recurned clinical profile questionnaires were
classified as either ‘conclusive’ or ‘inconclusive’.
Conclusive clinical profile questionnaires were
those which categorised the respondent in one
of the following groups: dececased; refused two
respond; sick and unable to respond; firm
musculoskeletal diagnosis other than RA; or
heaithy musculoskeletal system (no ioint
problems). Inconclusive clinical profile question-
naires were those returned by subnccrs reporung
either definite RA, possible RA, or in whom the
diagnosis of arthritis was uncertain. Padents in
all three ‘inconclusive’ categories required
further investigadon by the study rheumato-
logist (NB). In those instances where the
clinical profile questioanaire was not returned.
2 manal af svnerienced interviewers. working

In associadon with and including the study
rheumartologist, phoned non-respondents to
obtain key diagnostic information and encourage
the return of the original clinical profile
questionnaire. Where necessary, subjects were
contacted through their corwin or sent replace-
ment questonnaires.

In some instances clinical profile quesdon-
paires were completed over the phone. Phone
calls were placed at different dmes of day, and
different days of the week if inital auempts
were unsuccessful. Two axioms guided the
interviewers: (a) subjects who had never
experienced joint pain, swelling, or stffness,
past or present, were regarded as healthy from a
musculoskeletal standpoint; and (b) a diagnosis
of RA was considered untenable in patients who
had never experienced any joint swelling even
though they might have expencnoed pain or
stiffness, or both, in their joints. Following
telephone interviews and receipt of any out-
standing clinical profile qucsu'onnairs dan
from respondents were again ciassified as being
conclusive or inconclusive using the afore-
mentioned criteria (fig). Pursuit of the diagnosis
in those subjects whose dara were classified as
inconclusive was carried out exclusively by the
study rheumarologist. The process invoived
reviewing the clinical profile qusnonnmrc,
clarifying any ambiguity, and correcting any
errors or deficiencies. Thereafter, the study
rheumatologist spoke with the twin and cotwin
regarding the nature of their musculoskeletal
svmptoms and signs and the basis for any
diagnosis. In essence, an abbreviated history



was taken over the phone. In additon to
considering the 1987 ARA criteria for the
&sflﬁmmn of Ruﬁcu?::ldns were made about
any alternative mi etal diagnosis,
cularly thart of psoriatic arthrids. part-

Following receipt of the padent’s informed
consent, the study rhemnatolog:st contacted the
patent’s general practitioner and in those
instances when the padent had seen a specialist,
also the padent’s rheumatologist or orthopaedic
surgeon. A checklist of ARA criteria was
provided to the padent’s doctor, either via the
patent or sent directy, or discussed over the
phone. In some instances the clinical profile
questionnaire was returned with the ARA
checklist already completed by the padent’s
doctor. In reaching a diagnosis any available
serological or radiographic data were noted
and the diagnostic opinion of the attending
doctor considered. For those subjects whose
diagnosis was uncertain, an attempt was made
to establish the true musculoskeleral diagnosis,
or if this proved impossible then the subject was
categorised as ‘arthriis NYD’ ‘unclear diag-
nosis’ (fig). It should be noted in these padents
that although the exact diagnosis was unclear, it
was almost certainly not RA. Owing to the wide
geographical dispersal of twins throughout
Australia, it was possible for the study rheu-
matologist to physically examine only two of the
twins (2 concordant pair of idendcal twins).
Dara were analysed using the stadstical package
for the social sciences.'*

Resuits

Table 1 gives the final starus in 1990 of the 516
subjects from the 1980 cohort. There were 168
subijects lost to follow up by death or withdrawal
from the Australian Twin Registry, 136 between
1980 and last contact at 1989, and a further 32
up to the dme of the survey. There were 12
subjects inigally thought lost in 1989 who were
recontacted and interviewed by telephone (none
of whom were diagnosed as having RA).
A further 12 subjects conrtacted refused to
cooperate, whereas four were too ill to be

Table | Classificarion in 1990 of all 516 individual rins
reporting ‘rheumatoid arthritis’ (RA) in 1980 health
and lifestyle questionnaire

Dragnos:s No of posinve  Percentage of
respondents returns
Rheumatoid arthrids 26 7-8
Coanective tissue disease 2 0-6
Psoriasis +rheumartism 4 1-2
Palindromic rheumatism 4 12
Osteoarthrits 95 286
Gout 5 1-5
Arthralgia 59 17-8
Misceilancous rheumadsm 47 142
Normal 63 19-0
Unclear diagnosis® 27 81
Qlinical profile
> ire returned

(toaal) 332 (4%t 100-0

Clinical
X Dot

dooe (total) 184 (36-0%)t
Total 0o of subtects

m 1980 coboct 516 (100%)t

“Although the exact diagnosis was uncicar m these 27 subjects,
was aimost certainly not RA.
of subjects from 1980 cobort.

?

interviewed—that is, equivalent t0 9%6%
cooperation. Overall, however, there was a 10
year follow up rate of 64% (184 (36%) subjects
from the 1980 cohort failed to complete the
1990 dinical profile questonnaire; wble 1).
Among the 332 respondents there were 63
(19%) subjects who ‘were completely healthy
from a musculoskeleral standpoint, of whom 53
were unaffected cotwins. On contactng the
remaining 10 subjects who had sdfrcported a
diagnosis of RA on the 1980 questonnaire, it
wasfoundthattbcyhadmarkedtheongmal
questionnaire erroneously and had never had
arthrids.

Twenty six patents with RA fulfilling the
1987 ARA criteria were detected in the 1990
sample, four having apparently developed the
disease since 1980. Serting the 1990 diagnosis as
a ‘gold standard’ and the 1980 diagnosis as the
test standard, it can be calculated that the 1980
responses had a sensitvity for RA of 85%, a
specificity of 53%, a false positve rate of 89%,
and a false negative rate of 2% (table 2). A false
positive is a patient who self reported RA in
1980 but in whom the ARA criteria could not
be fulfilled by 1990. A false negative is a patient
who denied RA in 1980 but by 1990 had
fulfilled the ARA criteria for RA. Of the four
false negative padents, two certainly and two
probably had an onset of RA after 1980. If the
diagnostc informaton provided by the corwin
was also considered, then when the twin reported
RA and the cotwin ‘confirmed’ the diagnosis,
this was more likely to denote a genuine case
(Cohen’s %=0-26, 95% confidence interval
(CD=0-11 to 0-41). Using this approach the
sensitvity of the self reported diagnosis was
50%, the specificity 89%, and the positive
predictive value 25%. It should be noted that
subjects lost to follow up did not differ in the
prevalence of ‘cotwin confirmed’ disease from
those included in the analysis.

Of the 26 subjects with RA there were 23
women and three men (relatve risk female v
male 4-3). They had a2 mean age of 43-5 years
(range 25-71), a mean age of onset of 39 years
(range 16~70), and disease duradon of 15 years

Table 2 Agreanm: of 1980 self reported diagnosis of
rheumatoid arthritis (RA) with 1990 follow up diagnosis

Actual RA No aaual RA
in 1990 m 1990
Reported ‘rheumaroid’
n 1980 2 167¢
Denied ‘rheumnatoid’
in 1980 4 189
Total 26 356

“These are four subjects who cther developed the disease since
1980, or did not report the date of onset
fThae paticnts never had RA.

These figures exclude 16 subjects: 12 refusals and four deaths.

Table 3 Monozygotic and dizygotic rwin concordances for
‘true’ rhewmaoid arthricis

fm (++) (+=) (=)
Monazygotic*® 3 11 1785
Dizygouc* 0 9 2000

“Numbers refer t0 pairs.
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Table 4 Esumated prevalence in those aver 15 rheumatotd arthritis the 1983 Austratian Bureau of Statistics
(ABS)WWWM@:M%MMO[W%M 8 oIS

Age band (i 1983) years

15-24 2544 4564 65+ Over IS
Birth cobort 1968-59 1939-58 1919-38 <1919 <1969
Our number [t 12152 1/158 742 a3n
1980 cohort (women) /840 1172673 1057 8
1980 cohort (men) o582 V1537 2463 o161 74
melence_ (men and women)® 0% (0~0-06%) gg 0'% 2%

(' g 0 0-4%

ABS cobort (x 10%) . 25880 4514-1 9140 14?7‘-1; l!‘BtZ
'Oﬁngm&emdmvdmm&sumﬂatdw&emmﬂamnp«ubm' each age cobert.
1Using the prevaiences from the 45-64 year old cobort as an estimate for the true mmm =8= year old cobort.

$Australian Health Survey. 1983: Appcndnx3AusmlnanuofSumCanwnl983(anbsuNo43u 0).

(range 2-31). Twenty were seropositive and five
were seronegative for IgM rheumaroid factor
(one unknown). The number of ARA criteria
fulfilled were as follows: four criteria 6, five
criteria 7, six criteria 6, and seven criteria 6 (one
other patent had at least four cntena—-sym
metric polyarthrids, no psoriasis, prolonged
morning sdffness, no nodules, rheumaroid
factor status unknown, recovering from recent
bilateral mastectomy for carcinoma). Stein-
brocker class was as follows: class 1=4, class
2=20, class 3=2, and class 4=0.

The 26 padents with RA were distributed in
23 pairs: 20 discordant and three concordant.
There were 14 monozygodc pairs and nine
dizygotc pairs (table 3). The prevalence of RA
in the twin sample (in 1980) was 0-3%; there
was a marginal difference between monozygodc
and d;zygouc pairs (Fisher’s exact test, p=0-05).
The pairwise concordance percentage was 21%
among monozygouc twins and 0% among
dizygotc twins. The expected numbers of
concordant pairs were calculated separately for
monozygotc and dizygodc twin pairs. The
monozygotdc twins were significantly more
concordant for RA than dizygotuc twins:
Cohen’s #yz=0-37 (0-:04 t0 0:69); xpz=—0-01
to 0-00).

The 1983 Australian Bureau of Scadstcs
health survey derived stucture was used to
standardise our prevalence dara for age and
sex. Four age bands (15-24, 2544, 4564, 65+
years) were used in the standardisadon (table 4).
The estimated adult prevalence (age >15 years)
of RA in 1980 was 0°35%. No data was available
for the 15-24 year age band. The crude and
directly standardised prevalences of RA were
similar (254 years=0-3%, 4564 vears=0-7%).
The crude prevalence of RA was lower in the
over 65 vear old age group at 025%, but with an
upper (likelihood based) 95% of 0-95%.
Assuming this decline was not due to differendal
mortality, but rather to the smaller cohort size,
we have used the 45-64 year old rates to
estimate 2 standardised prevalence of 0-8% for
the over 63s, and thus an overall aduit san-
dardised prevalence of 0-4%.

Discussion

Since 1938 a variety of sampling techniques
have been used in twin studies of RA."™
Although case reports (single or rnuluplc)
provide descriptive information, they are of
limited epidemioiogical vaiue as they have no
popuiation base.'™ The method of ascertaining

twins within a populadon of subjects affected by
RA and then examining cotwins to establish
their musculoskeletal status provides a different
estimate of risk.” Aho e al have used an
unlimited representadve sampling method
linking two nadonal registers: the Finnish Twin
Cohort and the Sickness Insurance Register.'?
There are a number of factors 0 be coasidered
when reviewing twin studies of RA. Studies
before 1959 were conducted before the develop-
ment of the ARA diagnostic criteria’® and the
accuracy of the musculoskeletal diagnosis is
indeterminate. Two major studies have been
conducted berween 1959 and 1987, although the
application of the ARA criteria in diagnosis is
uncertain. There have been no previous studies
using the revised 1987 classificaton criteria
which we have used here. The capricious nature
of RA requires that account be taken, not only
of subjects with persistent chronic RA, but also
of those who after a short illness go into
remission, and those subjects whose disease
does not begin undl later in life. Ideally, a
decision about RA starus would not be made
untl the point of death, but clearly this is
impractcal. Studies which have followed twins
over time are preferable to those assessing twins
in early life. In our study the follow up time was
10 years. One of the consequences of prolonged
monitoring is loss to follow up, which in this
study, taking into account all sources (untrace-
able, oo ill to complete the clinical profile
questonnaire, death, unable to confact) was
29%. Clinical assessment can be approached in a
variety of ways using chart review, individual
history, and physical examinadon, interview of
attending medical staff, and review of radio-
graphs and serological resuits. The long follow
up, the high mobility of modern populadons,
and the wide geographical dispersal of study
subjects all hamper the collection of data which
are accurate and complete. The twins are widely
distributed throughout Australia; some are in
urban centres but others are in rural areas, and
it was possxblc for the smdy rheumatologist to
personally interview and examine only two
subjects of one of the concordant pairs. Never-
theless, in this study we have used a variery of
techniques to obmin essendal diagnostc
informadon.

Any effects of lost follow up (non-response
bias) are speculadve. Bias can be considered in
two dimensions: magnitude and direction. A
number of factors suggest that any non-response
bias was probably small in magnitude: 1a) the
prevaience of RA in our study - 0-40% was verv
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similar to that in the Australian Bureau of
Stadistics population based survey (0:32%); (b)
loss to follow up was greatest in the oldest
cohorts—that is beyond the time at which most
patents destined to develop RA would have
declared themselves; (c) the loss to follow-up of
patients berween 1980 and 1990 from the RA
sample was exactly replicated in the rtoml
samplc, and (d) the mean age of onset of RA (39
years) in this group of patents was close to the
usually cited mean age of onset (40 years).'® 7
‘With respect to the direction of operadon, early
mortality in padents with severe RA, or high
geographical mobility in patients with mild or
remittent RA could, respectively, increase or
decrease the observed rates for concordance and
prevalence. Given that any non-response bias
was probably small in magnitude, however, its
direction of operadon is less important.

Our study differs from that of the Finnish
Twin Study in that record linkage was not used
or indeed available. Instead, this study was
based on a large voluntary natdonwide registry.
Furthermore, in the Finnish study a diagnosis
of RA which qualified a patient for free drugs
was based on the two criteria of notification of
diagnosis by an artending doctor and approval
by an expert adviser. Although the error asso-
ciated with this method of determinadon has
notbeen clearly defined, it could be considerable.
Whether or not that diagnosis was based on the
1959 ARA criteria’® is uncertain from the
published report, but the study certainly
predated the 1987 ARA criteria which we have
used in this study. Furthermore, in the
Australian survey the ARA criteria were exactly
applied following personal contact of the study
rheumarologist with padents with RA, the
attending general practitoner, and any rheuma-
tologist or orthopaedic surgeon who had been
consulted. In two instances the respondents
were personally interviewed and examined by
the study rheumatologist. Even for patents
without RA, in ambiguous instances the patient
was contacted and, where necessary, the
opinion of medical staff sought. As a result, we
believe that the verification of diagnosis has
been more rigorous in this than previous
studies.

Qur data provide a number of interesting
insights into RA. In the first instance it is clear
that the self-reporting of RA is unsatsfactory
and associated with an extremely high false
positive rate. The accuracy of diagnosis is
greater when the cotwin confirms the diagnosis
reported by the affected twin than when the
diagnosis is unconfirmed or negadve (Zohen’s
2=0-2%, 95% CI=0-11 to 0-41). As noted
previously, the ATR questonnaire contained
items for self reporting on the health status of
‘seif’, ‘cotwin’, and ‘other family members’.
Such a contingency offers obvious advantages
given the false positive and 10 a lesser extent the
false negative rate that attend seif reportng of
diagnosis. In pardcular, this contingency results
in increased specificity of diagnosis. It is
essential, however, in population based studies
that the diagnosis is confirmed using evidence
from experts, serology, and radiographs which
can be rated against an internadonal standard.

Bellamy, Duffy, Martin, Mathews

It should be noted that not only do subjects
report having RA when they have a different
musculoskeletal problem, but they may aiso seif
report RA when they are completely normal.

Our data are compatible with that of other
twin studies, indicating that the overall genetc
component in RA is small. The risk rados are
higher for monozygodc than dizygotc pairs,
further indicating that hereditary factors play at
least some part in the aetiopathogenesis of the
disease. We had hoped to address issues related
to the ume of onmset, joints of predilecton,
effects of pregnancy on arthritis, and beneficial
and adverse reactions to antrheumatdc drugs in
concordant twins, but the small number of pairs
precluded any meaningful analysis for epidemio-
logical purposes. We did, however, examine the
relatdon berween RA and a number of risk
factors: age, gender, alcohol intake, smoking,
and glandular fever. No significant association
was observed, but it should be noted that the
sample size is small and a type II error cannot be
excluded. The reladve risk of RA in women of
4-3 is, however, compatble with the known
female:male (3:1) rado for RA. The part played
by environmental factors in the aedopatho-
genesis of RA remains undetermined.

In this study the point prevalence of RA was
adjusted using the 1983 Australian Bureau of
Stadstics derived population structure and age
and sex standardisation techniques. Although
the value of 0-40% was less than the 0-8-1-0%
often quoted,'® a number of factors should be
considered.

Firstly, given the namural tendency of RA to
begin at cermin ages more than others, the
lifetime prevalence of RA may be higher than
the point prevalence estumate as the latter is
highly dependent on the age mix of the study
padents. Although our sample is not typical of
the age structure of the Australian populadon,
the differences are sufficiently small that we do
not believe it makes much difference to our
prevalence estimates.

Secondly, although RA is a ubiquitous disease,
prevalence esumates show some geographical
variation and the disease may be less frequent in
Australia than in northern Europe.

Thirdly, inclusion in the Australian Twin
Regisuy i1s voluntary. Although it 1s thought
that about 10% of Australian twins are cum:ntly
registered, no data are available on twins not
registered to allow comparison. Thus, we
cannot comment on the effect of initial enroll-
ment (volunteer bias) on the composidon of the
sample. As we consider it unlikely that even
severe arthritis would preclude patents either
from enrolling mmally or completing the clinical
profile questionnaire, the aforementioned
factors are unlikely to have resulted in any
important differental loss of subjects.

Lasty, in the 1978 Australian heaith survey,
data were collected on the spedific diagnosis of
RA. The population prevalence of RA in that
survey was 0-32%. This figure is very similar 10
the 0-40% estimate in this study.

Although genetic factors may not be the only
or, indeed, the major aetiological determinant
of RA, they may be important in disease
expression. To date the subjects studied have
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not been HLA typed, and, as a result, we are
not able to comment on the relation berween
there are insufficient monozygodc and dizygotic
concordant pairs to make any statement on the
comparability of disease (severity,

- - - - mm-
. tology) in identical compared with non-identical

wwins. If genetic factors do not fully explain
disease derermination, it suggests that environ-
mental factors, either infectious agents,
eavironmental toxins, natural hazards, dietary
factors, orsomeotherfacetofmod:mhvmg,
may be insoumental. Indeed, if data on the
antiquity of RA are to be believed,' it may be
necessary [0 concentrate on environmental
factors, which have changed in the last 200
years, on infectious agents, and on the con-
sequence of increased longevity (increased dura-
ton of exposure to the environment). Our
current daa do not allow an adequate assess-
ment of environmental condidons of potendal
aetiological importance. However, like preced-
ing studies in other populadons using different
methodologies, we have reached a similar
conclusion—that is, genetic factors play at least
some part in disease determinadon.
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