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Genetic influences on endometriosis in an
Australian twin sample

Susan A. Treloar, Ph.D.,* Daniel T. O’Connor, F.R.C.O.G.,1
Vivienne M. O’Connor, F.R.C.O.G.,* and Nicholas G. Martin, Ph.D.*

Cooperative Research Centre for Discovery of Genes for Common Human Diseases, Queensland Institute of
Medical Research, Brisbane, Queensland, Australia

Objective: To investigate the prevalence of and twin pair concordance for endometriosis.
Design: A questionnaire survey incorporating validation.

Setting: An Australia-wide volunteer sample of female monozygotic (MZ) and dizygotic (DZ) twin pairs
from the Australian National Health and Medical Research Council Twin Register.

Patient(s): Twins were selected only on the basis of previous participation in twin research.
Intervention(s): Questionnaires were sent to 3,298 individuals. Information was requested from physicians
named by consenting twins.

Main Outcome Measure(s): Reported endometriosis, validated where possible by pathology or surgical
report.

Result(s): Three thousand ninety-six (94%) of the twins and 145 (82%) of the physicians responded to the
survey. Two hundred fifteen twins reported endometriosis, for a prevalence rate of .07 among questio
respondents. Tetrachoric twin pair correlations for self-reported endometriosis (MZ8%4 and DZ: n=
493) werer,,, = .46 £ .09 andr,, = .28 = .13. When available medical and pathology reports were
included, they changed 1y,, = .52 = .08 andr, = .19 = .16, suggesting that 51% of the variance of the
latent liability to endometriosis may be attributable to additive genetic influences.

Conclusion(s): These findings support the hypothesis that genes influence liability to endometriosis. (Fertil
Steril® 1999;71:701-10. ©1999 by American Society for Reproductive Medicine.)
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The causes of endometriosis, and the causesommonly recognized by gynecologists, al-
of variations in its presentation and pathologic though other classification systems have been
development, have remained enigmatic (1). Inused (4). Defining the population prevalence of
some affected women, the condition is a patho-endometriosis in an unbiased (and ethical)
logic process with progression, scarring andmanner is impossible because diagnostic lapa-
tissue damage, severe pain, and infertility, roscopy cannot be performed on a large, ran-
whereas in others, it is not. Endometriosis rep-dom, population-based sample of women (5).

resents a therapeutic challenge, and new treat- gngometriosis can be asymptomatic (4):
ment approaches have been urgently called forqestions concerning the possibly self-limiting
We performed a study using the classic twin natyre and the prevalence of minimal or mild
design that addresses the importance of genetigisease (6) remain unanswered. Wide varia-
influences on endometriosis. tions in prevalence have been reported accord-
In the past, endometriosis was diagnoseding to. th(_e population under investigation and
either on symptomatic grounds or by laparot- the criteria used (7).
omy, but it currently is diagnosed on the basis The determinants of endometriosis are
of surgical visualization by laparoscopy. Re- poorly defined, with relatively few studies per-
vised criteria of the American Society for Re- formed until the last decade (8). A review of
productive Medicine (previously the American almost 100 studies, which identified only 6
Fertility Society) for the diagnosis of stages with satisfactory methodologic soundness,
I-IV endometriosis (2, 3) provide a standard concluded that surprisingly little is known
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about risk factors for the disease (9). The risk of pelviction, including genes involved in galactose metabolism and
endometriosis is strongly associated with age, even withimlioxin detoxification (22).

the re_productlve period (9, 10). Increased exposure tp Men- The publication of twin study evidence on the heritability
struation (through shorter cycle length, longer duration of

. . of other reproductive characteristics, including menstrual
flow, gnd rg_duced parity) an_d ret.rograde menstruation h"’Wﬁow, pain, and impact of, interference of, and perceived
been identified as reproductive risk factors (9). limitation caused by periods (29, 30); age at menarche (31);
Estrogen levels appear to encourage the growth of endgremenstrual tension (32); and, in particular, liability to
metriosis, so hormonal factors seem logically relevant (9), agysterectomy (33) initially focused our attention on this
they are to the malignant proliferation of endometrial tissuedisease. We found strong evidence for genetic factors influ-
Abnormal immune function (11, 12), possibly from the neg-encing liability to hysterectomy, accounting for 66% of the
ative effects of agents such as dioxin (13, 14), has beetotal variance, and these genetic influences on liability to
noted, but animal findings have yet to be replicated inhysterectomy were stable across birth cohorts (33). A diag-
humans (15). In summary, clear epidemiologic factors havéiosis of endometriosis was a key significant predictor of
not been identified and the chronology of associations withhysterectomy in the new data, which form the basis of the
the condition remains highly uncertain (10). present article (unpublished observations). We present the

Evidence of genetic influences on endometriosis has beeigSults of hypothesis testing concerning genetic influences
available in published studies for some time, but the robuston €ndometriosis using these new twin pair data.
ness of the evidence has been questionable because of small
sample sizes, often in convenience <_:I|n|cal sqmples, gnd MATERIALS AND METHODS
the possibility of selection or ascertainment bias. An in-
creased incidence of endometriosis in the first-degree reIaSamp|e

tives of patients with endometriosis has been reported The sample had participated in two previous health sur-
(4, 16-22), suggesting a familial predisposition and possiblge, ¢ herformed in 1981 and 1989. Participants were mem-
genetic influences. An investigation of a series of 538 paperg of the cohort of 1,979 female twin pairs that were
tients with endometriosis in Brisbane, Australia found ajyentified originally in 1980-1982 from the Australian Na-
familial incidence of approximately 1 in 5, compared with @tional Health and Medical Research Council (NHMRC)
general incidence in patients in the same obstetric practice G\fwin Register (33-36) and followed up in 1988—1990 (37).
1in 9 (4). Although this was a large patient series, the\, 1993 1994, a questionnaire focused on gynecologic con-
sample was a “convenience” rather than a community sayisiong and hysterectomy was sent to both members of 1,570
ple, and thus subject to bias. female twin pairs, plus a further 158 individual female twins
A recent British study by the Oxegene group identifiedin incomplete pairs (3,298 individuals) who could still be
230 women with surgically confirmed endometriosis in 100contacted and were willing to participate in twin research.

families, supporting a familial tendency toward endometri- The present study therefore comprised a third wave of

0sis (21). Another recent report on 16 pairs of monozygotlcdata collection from the original cohort of female twins.

(MZ) twins who were part of a sample of affected sister pa'rsApprovaI to conduct the research was obtained from the

recruited for a linkage study foynq that 14 of th? 16 PaIrSE 4 neroft Ethics Committee (Queensland Institute of Medical
were concordant for endometriosis (23), but this concor- . : i
e : . . Research) and from the Australian NHMRC Twin Registry.
dance rate is likely to have been subject to serious sampling
bias because the respondents were recruited by advertise- Two items concerning similarity in appearance and being
ments for sister pairs. An analysis of age at the onset of paimistaken by others were included to determine zygosity.
symptoms in sister pairs concordant for endometriosis sugPairs that gave inconsistent responses were recontacted for
gested genetic influences rather than a common environmesglarification. Such questionnaires have been shown to give at
tal exposure because of the much greater similarity betweelgast 95% agreement with diagnosis based on extensive

sisters in age at symptom onset than in year of symptorblood typing (38, 39).

onset (24). More recently, members of a subsample of 198 same-sex
An earlier, very small case study of MZ twins recruited pairs (both male and female and obtained from the wider
through the Norwegian Twin Panel, and their mothers, resample) who reported themselves to be MZ were typed for
ported that six of eight MZ twin pairs were concordant for 11 independent highly polymorphic markers in the course of
endometriosis, which is a much higher concordance rate thaan asthma study, and no errors in our previous zygosity
that of ordinary siblings (25). Other evidence of a geneticdiagnosis were detected. Of 131 like-sex pairs (male and
basis for endometriosis comes from nonhuman primatefemale) who reported themselves to be dizygotic (DZ) and
(26). Molecular and cytologic research has suggested a pogo had DNA available, 5 (3.8%) were concordant at the 11
sible path for genetic control of endometriosis (27, 28).loci, with a probability of dizygosity 0k<10™“. This gave a
Several candidate genes have been identified for investiggensitivity for self-reported monozygosity of 0.98 (exact
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95% confidence interval [Cl] 0.94—-0.99) and a specificity of(e), and either environmental effects common to both
1.00 CI (0.97-1.00) in this sample (40). cotwins €) or nonadditive gene actiord), such as genetic
dominance or epistasis. Total phenotypic variance is defined

Asses.s.ment . by the equation ¥ = a® + d® + ¢ + € = 1, where
Participants were asked to complete a four-page questlon-enot ic effectsh) comprisea and any effects ofl. Ad-
naire (“Gynaecological Health Study”), which included g yp P y j

. . . . ditive genetic influences are those in which the total genetic
questions on gynecologic problems that might predispose tg

S . . ffect is simply the sum of effects at individual loci, with no

hysterectomy, other surgical interventions, and medical an . I : . :
) Interaction. Nonadditive genetic effects comprise domi-
hormonal treatments. Twins were asked to report whether C o . . .
o ) . nance, which involves allelic interaction, and epistasis,
they had ever had endometriosis, their age at its onset, the, . . N .
o o which involves nonallelic interaction between genes at

nature of its investigation and/or treatment, and whether their,. . i
. . different loci on one or more chromosomes (45). Genetic

cotwin or mother had had endometriosis. o :

nonadditivity and shared environment are completely con-
Validation founded in data on twin pairs reared together (43, 44, 46—

When twins gave written consent and reported having haéS)’ and only one of them can be estimated.

either a hysterectomy or endometriosis, questionnaires were Inferences concerning the genetic and environmental eti-
sent to medical sources. Validation of self-reported hysterology of a particular trait or disease can be made from the
ectomy and/or endometriosis was sought where possibleelative concordance of MZ compared with DZ twin pairs
from the named specialist involved. If he or she could not bd49). If the DZ twin pair correlation is less than half the MZ
contacted, the next contact attempted was the hospital dwin pair correlation, genetic nonadditivity (dominance or
pathology laboratory or the general practitioner (family phy-€pistasis) is indicated, whereas shared environment increases
sician) involved in the treatment of the relevant condition. Ifthe DZ correlation to more than half the MZ correlation.
no other medical source responded, the current general pragenetic models were fitted by the method of asymptotic least
titioner was contacted. Physicians were mailed a two-pag&gquares. Univariate genetic models, estimating the contribu-
questionnaire with an explanatory cover letter and a copy ofions of additive genetic, shared, and nonshared environmen-
the twin’s written consent, and those who had not respondetdl effects, were fitted using the Mx statistical modeling
after 6 weeks were telephoned by a research nurse to eprogram (50).

courage their participation. In addition to the likelihood rati/ test (51), the Akaike
Environmental Similarity Informa_ltion Criterion_ (measured ag—2df) (52) was used
) ) ) ‘as an indicator of fit. On the grounds of parsimony, the
The twin method relies on the assumption that the envimodel with the least number of parameters that offered a fit
ronments of MZ cotwins are no more similar than those ofyot significantly worse than the full model was chosen. Data

DZ cotwins, or if they are, that this does not influenceanalysis methods are described more fully elsewhere
intrapair similarity in the variable being analyzed. Our study(gz, 53, 54).

assessed environmental similarity in two ways. In a 1989
survey, the twins were asked to rate how much they currently RESULTS
see and contact each other on a seven-point scale ranging

from no contact to living together. They also were askedndividual Twin Data

about four aspects of childhood “environmental” similarity

(sharing the same room, being dressed alike, sharing thdesponse by Twins

same playmates, and being in the same class), which were

. Of the 3,298 individual twins to whom the questionnaire
scored on a four-point scale.

was mailed (both members of 1,570 pairs and 158 individ-
Data Analysis uals in incomplete pairs), a response was obtained from both
The statistical package SAS 6.11 (SAS Institute Inc.members of 1,431 female pairs (910 MZ and 521 DZ) plus

Cary, NC) (41) was used for preliminary and phenotypic234 individual twins whose cotwins did not respond. There

data analyses. Twin pair matrices of polychoric correlationsvas therefore a 91% pairwise response rate. The individual
and corresponding asymptotic covariance matrices wereesponse rate was 94%, with a total of 3,096 individuals,

computed separately for MZ and DZ twin pairs using theincluding those in incomplete pairs, responding.

Windows interactive version of PRELIS 2.2 (Scientific Soft-

) : Most (n= 1,954, 71%) respondents gave consent for the
ware International Inc., Chicago, IL) (42).

research team to request further information from their phy-
Phenotypic variation in human behavior and health can bsicians if necessary. Of the twins who reported having en-
decomposed into four basic components, although only thredometriosis (n= 215), a higher percentage €178, 86%)
can be estimated at any one time, given the twin methodgave their consent. Twenty-nine women who reported hav-
available (43, 44). These components are additive gene atig endometriosis (14%) did not sign the consent form.
tion (@), environmental influences specific to the individual Most, but not all, of the consenting respondents provided

FERTILITY & STERILITY @ 703



adequate written information about physicians who diag/

nosed the endometriosis or about hospitals or patholog

services where records might be obtained. Agreement between self-reported endometriosis, medical
Response by Physicians report, and self-reported endometriosis adjusted by

available medical and pathology data.
One hundred forty-five (82%) physicians responded to &

letter and two-page questionnaire asking for details of the Se'f'fepog_Cfosj'tatl’u'ated with
endometriosis. Of these physicians, 80 (55.2%) were spe- Indicated value

cialist gynecologists, 10 (6.9%) were general practitioners Kappa  95% No. of
who had treated the twin in relation to the endometriosis oMedical/pathology report (x) Cl respondents

hysterectomy, 34 (23.4%) were the current general practi- 052 042061 206
tioners, and 21, (14.5%) W?re hospital medi_C?‘I Superim(:"nAdjusted for false-negative reports only . 0.94 . 0.92.—0.96 2,973*
dents, pathologists, or hospital gynecology clinic staff. HOW-adjusted for false-positive reports only ~ 0.88 0.84-0.91 2,973
ever, 10 of these sources could provide no data on thadjusted for both positive and negative

diagnosis and a further 10 responded that they “did not medical report data 0.82 078-0.86 2,973
know” whether endometriosis had ever been diagnosed. Whote: Cl = confidence interval.

use “medical” reports as a generic term to cover questiontN ig Iimited to respondents who answered the question regarding endo-
naire responses from physicians. In the questionnaire, phy"—‘emos's'
sicians were asked whether there had been a surgical diag-

nosis of the patient's endometriosis. The response ipathology reports, when obtained, to override twin self-
described as a medical report (of a surgical diagnosisyeports in specified data analyses. When other reports were
although in a few cases, the physician also voluntarily pro-not obtained, self-reported data were retained to maximize
vided a copy of the surgical operative report. sample size and power. Self-reports therefore could be mod-

Pathology reports were provided for 77 (35.8%) of theified by medical reports, which in turn could be modified by

women who reported having endometriosis. Neither surgica?ontrad'cmri; pathologylfreports. dSlm[()jle coefﬁu_ents f(()jr_ I
operative reports nor pathology reports were necessary fggreement between seff-reported endometriosis, medically

patient classification, but they were used where available téeported e-ndomeFr_|03|s, af?d different com.bmatlon_s of data
maximize the correct assignment of the ultimate diagnosig_ncorporatlng positive medical data, negative medical data,

Medical and/or pathology information also was available for®r both are shown in Table 1.

27 twins who had had a hysterectomy but had not reported In the case of 21 women for whom histology reports at
having endometriosis. hysterectomy indicated the presence of endometriosis but the
twin gave a negative self-report, possible explanations in-
clude that the endometriosis was asymptomatic and that an

arlier laparoscopy had shown no evidence of disease. Other
0Zsymptomatic cases may have existed, but we were unable to
detect them because validation was only actively sought for
Validity of Self-reported Data positive self-reports, and the 21 “false-negative” self-reports
) ) ) , were picked up from medical reports sought to confirm
We used information from medical, surgical, and/or pa-yin_reported hysterectomy. In the case of the 45 false-

thology reports where available. There was histologic CONyositive twin reports, a number of explanations were possi-

firmation of endometriosis for 38 (49.4%) women of the 77y 1t again, the medical report was accepted at face value.
for whom pathologic findings were provided. In all, 66 goq piscussion for further detail.

self-reports of endometriosis (21 negative and 45 positive)
were contradicted by the reports received from physiciansAge at Diagnosis
whereas pathology reports confirmed endometriosis in @ age at the time of diagnosis of endometriosis was pro-
furthe.r 6 cases where the physman elther. had reportegd;jeq by less than half (== 93, 43.3%) the women who
negatively (n= 3) or had provided no information (% 3).  yeported having the condition. This probably was because of
In the former case, we allowed the pathology report 0,44 hositioning of the question on the questionnaire. The
override the physician’s report. mean age at the time of diagnosis reported by the twins was
Medical and pathology reports were accepted as prima-4 years earlier than that reported by their physicians (Table
facie evidence of false-positive or false-negative twin report2). The wording of the question on the twins’ questionnaire
ing, although there were circumstances that may have rewvas ambiguous, and it is likely that the twins responded with
sulted in the medical report received not being a true indithe age at which symptoms and investigations started rather
cation of a surgical diagnosis ever having been made. Newhan the age at which a diagnosis was made. These problems
variables were computed to allow for medical, surgical, orhave been rectified for subsequent work.

Endometriosis Self-Report

Two hundred fifteen individual twins reported having
endometriosis, for an overall self-reported prevalence rate
7.23% among the 2,973 respondents to the question.
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Twins were asked to report whether their mother and/or
LI i i sster had had endometriosis, Of the 2,484 total
Age at diagnosis from twins’ reports, medical reports, and guestion respondents, 39 (1.3%) said their mother had had
combined data. ’ ’ endometriosis, 544 (18%) did not know, and 2,444 (80.7%)
said their mother had not had endometriosis. Of the women
Age at diagnosis (y) with endometriosis (using the best available data), the pro-

portion who reported that their mother also had had endo-

T f t Mean + SD R Medi Mod o . . )

ype oF reper ean ange eran °®  metriosis (using the best available data), the proportion who

Twin’s report reported that their mother also had had endometriosis in-
(n=93) 314+ 73 14-49 30 28  creased to 9 (4.6%), with 54 (27.8%) unknown and 131

M‘zg'c_a'gr:)po” 2560 73 1653 a5 5  (67.5%) negative responses. There was a significantly in-

Combined data* creased likelihood of women with endometriosis themselves
(n = 150) 34.4+ 7.6 18-53 34 30 reporting that their mother had had endometriogi$, (=

* Where available, physician’s data on age at diagnosis overrode win1.82,P = 0)-

data. Respondents who reported that their cotwin had endome-
_ o _ o triosis numbered 135 (4.5%) of all respondents=(12,998),
Phenotypic Associations With Endometriosis whereas 303 (10.1%) said they did not know and 2,560
No statistically significant association was found be-(85.4%) said their twin did not have endometriosis. How-

tween parity and either self-reported endometriosis (poly£Ver, women who had endometriosis themselves were sig-
choricr = .11 + .10) or endometriosis incorporating all nificantly more likely to report having a twin sister with
medical reportsr(= .08 = .11). Thelatter translates to an €ndometriosis than were women who did not have endome-
odds ratio ofl.12 for endometriosis diagnosis according to!r10SIS (*, = 144.66,P = 0). The possibility of response
(nulli)parity (nulliparous vs. parous) (95% CI 0.78—1.62). Pias could not be excluded. There was no statistically sig-
However, if the relation is clinically meaningful, assuming a Nificant difference between the two zygosity groups for the
nulliparous proportion in the population (as in our sample) oflikelihood of a twin Wlth' er_1dometr|03|s reporting a mother
0.18, detecting a relative risk associated with nulliparity ofWho had had endometriosis.
1.12 with a chance of a type Il error of 20% would require-l- ; ;

, - win Pair Data
a sample of 4,349 women with endometriosis and 60,973
without the disease, given the 1:14.02 ratio of cases t@goncordance
noncases in our sample. We would need larger samples that _
included 991 and 302 cases of endometriosis to detect odds Twin pair concordances for the range of self-reported and
ratios of 1.2 and 1.5, respectively, under the same assumgomputed variables, including data adjusted for false-posi-
tions. tive data only, false-negative data only, and both false-
positive and false-negative data, show a clear suggestion of

Our power fo detect increased risk associated with null. enetic influences operating on endometriosis in twins aged
parity indicated by an odds ratio of 1.12, given the number P g 9

of cases of diagnosed endometriosis £n1198) and the =29 years in 1993 (Table 3).

number of noncases (\ 2776) in the sample (55), is only ~ We investigated the possibility that twin pair concordance
12%, and the chance of a type Il error is very high. Hencefor endometriosis might be affected by the environmental
we would need a much larger sample to detect a true clinisimilarities of twins using two indicators: contact between
cally significant association between nulliparity and endo-cotwins as adults and childhood similarity based on four
metriosis. recalled criteria (dressed alike, shared same room, shared
same playmates, in same class at school). These were re-
grted by these same twins in 1988-1990.

Polyserial correlations between age at the time of re
sponse to the questionnaire and the respective endometriod]
variables were negligibler (= .01 andr = .02). Onemight The issue of environmental similarity for MZ compared
expect that risk would increase with age, but in these datayith DZ twins is important. Zygosity is significantly asso-
changing patterns of diagnosis over time may have influciated with the amount of contact between cotwins and the
enced the likelihood of a diagnosis being made. No statistiextent to which they share environments as children. Spear-
cally significant associations were found between endomeman correlation coefficients ranged from= .10 P =
triosis (self-reported or adjusted) and highest level of.007) for seeing each other as adults to= .42 (P =
education reached, occupational category using the Austra@001) for sharing the same playmates as children. The
lian Statistical Classification of Occupations major groupingessential issue is whether twin pair concordance for endo-
(56), or current employment status. We again note the remetriosis is related to these indicators of shared environment
duced power of our study to detect true clinical associationgfter controlling for zygosity. On the measures we had, we
of low magnitude. found that it was not.
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hood of both cotwins reporting endometriosis was not re-

lated either to these measures of childhood environmental
Twin pair concordances for self-reported endometriosis Slr?qllagty or.to the adult personal contact aspect of the twins
and data adjusted by different categories of medical and shared environment.

pathology reports. Members of positive-endometriosis-concordant twin pairs
— . - were coded according to whether the same physician and
Monozygotic pairs Dizygotic pairs . . L. .
(841-854 pairs) (485-493 pairs) hospital had treated both twins for endometriosis. For avail-
_ ————  able data, only one pair of seven reported the same hospital,
Variable No. (%) No. (%) and one of seven also named the same general practitioner.
Self-report In two pairs of seven, the same specialist was named by each
Concordant B E+ 16 (1.9) 6(1.2) twin in the pair. Six of the seven pairs were MZ and one was
Discordant B E— 92 (10.9) 59 (12.2) DZ. The six MZ pairs all named different current physicians;
Concordant E E— 733(87.2) 420 (86.6) members of the one DZ pair went to the same physician.
Total 841 (100.0) 485(100.0)  Although the numbers were very small, members of MZ

Data adjusted for

false-negative pairs were significantly less likely than members of DZ pairs

reports only* to attend the same general practitioner at the time of the
Concordant B E+ 17 (2.0) 6(1.2) survey P = .008). There was no significant association
Discordant B- E— 105 (12.3) 62 (12.6) between zygosity and having been treated for endometriosis
Concordant & E~ 732(85.7) 426 (86.4) by the same specialist or at the same hospital.
Total 854 (100.0) 494 (100.0)
Data adjusted for Age at Onset and Age at Diagnosis
false-positive self-
reports onlyt The number of concordant twin pairs in which both twins
Concordant B E+ 16(1.9) 3(06) reported their age at the time of diagnosis was small (MZ
gfﬁ:;?;:;tii: 723 ((2'96_)5) 422((%3_)3) pairs_: n= 5, DZ pairs: n= 1_). To maximize n_umbers,_ the
Total 854 (100.0) 493 (100.0) physician’s report of the patient’s age at the time of diagno-
Data adjusted for both sis was calculated from the year of diagnosis in relation to
false-positive self- the patient's year of birth and was added to the twin's
reports only self-report. This raised the numbers to nine MZ pairs and
g;r;g?;ii?t; EE:F é? golé) 42((%'_2)) four DZ pairs. Twin pair Pearson correlations for age at
Concordant E E— 749 (88.6) 441 (89.5) onset/diagnosis data, treated as continuous, wgye= .84
Total 854 (100.0) 493 (100.0) andr,, = .81, but SEswere very high.

*The effect is to change false-negative self-reports of endometriosis ti . . . .
. ' g g P Torrelations and Genetic Risk Ratios
rue-positive.
T The effe'ct is to change false-positive self-reports of endometriosis to Tetrachoric correlations for the MZ and DZ twin pair data
Jue-negatve. idered under four different conditions (Table 4) al
T Using medical data where available, adjusting false-positives and falseconsiadere u_n ér four driierent conaiions ( a e ) as‘?
negatives, and including medical data where twins did not respond to th&uggest the influence of genes on endometriosis. In this
question; the effect is to change false-positive twin reports of endometriosisurvey, medical data were not obtained for all twins, and
to negative, and false-negative twin reports of endometriosis to positivepower is unacceptably reduced if only validated cases are
'el'(k:lt((e)rlstter was possible only for women who reported having had a hysterl-ncluded in analyses (Table 4)‘ The “best possible" data are
v those in which medical reports are used to redistribute
o o ) “false”-positive and “false”-negative twin reports to “true”
After adjusting for zygosity in analyses of covariance, wereports wherever possible. By so doing, maximum possible

found no difference between the pairs that were concordarBOWer based on large twin pair numbers was achieved for
for endometriosis, the pairs that were discordant for e”doanalyses.

metriosis, and the concordant pairs that were negative for ,
endometriosis on any of the four reported childhood simi- These results affirmed and even strengthened the results

larity indicators or on the amount of recent face-to-face oif@se€d on self-reported data only, because MZ twin pair
other contact between cotwins. There was no heterogeneif§Prelations increased and DZ twin pair correlations de-
of regression slopes, and we found no difference between tHg€ased. When only cases where twins answered the endo-

concordance groups in the extent to which they had shared'HetriOSiS question were included and medical validation was
room (F = 1.18, P = .31), shared the same playmates therefore incorporated for self-reported cases only, the ratio
(F = .76,P = _417) been d,ressed alikeF(= 1.16,P = of MZ to DZ twin pair correlations was even further in

.32), been in the same class (= .01, P = .99), or  ©€Xcess of 2:lry; = .50 = .11, N= 841irp; = .16 =

currently saw E = 1.80, P = .17) orcontacted £ =  -23: N= 485).
1.79,P = .17) each other. This suggested that the likeli-  The genetic risk ratios shown in Table 4 were calculated
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TABLE 4 |

Tetrachoric monozygotic and dizygotic twin pair correlations for endometriosis.

Monozygotic pairs (n= 854) Dizygotic pairs (n= 493)
Variable r SE Am Prevalence r SE Ab Prevalence
Self-report* 0.46 0.09 3.58 0.072 0.28 0.13 2.32 0.073
Data adjusted for false-negative self-reports only 0.43 0.09 3.19 0.080 0.24 0.13 1.95 0.081
Data adjusted for false-positive self-reports only 0.56 0.08 5.03 0.060 0.23 0.17 2.26 0.052
Data adjusted for false-negative and false-positive reportst 0.52 0.08 4.18 0.070 0.19 0.16 1.82 0.060
Pairs where medical reports were available for both twinsf 0.34 0.24 — — —0.31 0.44 — —

* Monozygotic pairs (n= 841); dizygotic pairs (n= 485).
T Both true-positives and true-negatives are maximized.
¥ Monozygotic pairs (n= 38); dizygotic pairs (= 13).

on the basis of the prevalence of the computed variable in thenly shared environmentCj and specific environmental
individual twin sample of each zygosity group separately.influences E).

On the basis of concordance figurag, andA, genetic risk Although there is some suggestion of nonadditivity in the
ratios to cotwins were calculated (57). On the basis OfADE model estimate of?, the 95% confidence limits sug-

self-reporting alone and the prevalence of self-reported erbest that it ought not to be included, and the fit is not
dometriosis in the whole sample of individual twins, the riSksignificantIy worsened by dropping it from the model. Power
ratio of affected vs. population prevalence as a result of5|cations indicate that we would require a larger sample
genetic influence was 3.58 for MZ cotwing) and 2.32for ¢ 3 533 tyin pairs to be 80% certain of detecting an additive
DZ cotwins (o) (Table 4). The ratio of these riska — genetic effect accounting for 51% of the total phenotypic

D/ — 1) (e, [3.58— 1]/[2.32 — 1]) of 1.95 is compat- | 4yiation if shared environmental influences account for
ible with additive genetic contributions to the risk of endo- none of the variance

metriosis.

Exploration of sibships in a preliminary pilot sample of DISCUSSION
71 of these twin pair families gave a genetic risk ratio for
siblings Q\g) of 2.34 for self-reported endometriosis. Genetic A ratio of 2:1 between MZ and DZ twin pair correlations
risk ratios for endometriosis when full medical and patho-suggests the additive influence of genes and a negligible
logic information was incorporated were even higher for MZinfluence of shared environmental factors (53). A ratio in
pairs than for DZ pairs, supporting the possibility of additive excess of 2:1 suggests the possibility of genetic nonadditiv-
genetic influences and even suggesting the possibility oity, although the power to detect nonadditivity in the classic
nonadditive genetic influences. The ratio)f to Ap risks  twin study is low, even when large amounts are estimated
(Am — D/(Ap — 1) for the best available data was 2.36, also(43). Our twin pair correlation ratios and the Akaike Infor-
suggesting additive genetic influences. When data adjustedation Criterion, which was lowest for th&E model, sug-
only for false-positive reports were considered (and there igest additive genetic influences on endometriosis. We note
an argument that negative pathology reports may not havthat the likelihood ratio test did not distinguish between
related to a period when endometriosis was active), the ratimodels that contained shared environment and additive ge-

of genetic risks increased to 2.77. netic influences, but we have been guided by the Akaike
Information Criteria and correlation ratios in drawing our
Genetic Model-Fitting conclusions.

The “best available” data for endometriosis, using all The implications of our findings depend on the extent to

medical reports to maximize numbers of true-positives andVhich the twin sample is re_presentative of the general female
true-negatives in the sample, are explained best by a pars[?ppu'?lt'on' The female _twms have_been shown_ 10 be repre-
monious model containing only additive genetic and indi-SeNtative of the Australian population on a variety of indi-
vidual environmental influenceE) (Table 5). The lowest C&10rs. including age, general level of education, and marital
Akaike Information Criterion estimate suggests the bestStatus (58). There is limited ethnic diversity in the volunteer

fitting, most parsimonious model. However, the fact thattWin sample. The twins volunteered to participate in medical
model-fit does not worsen significantly when genetic inﬂu_research in general and were unselected for endometriosis or

ences are dropped from the model (likelihood ragfiy = 2Ny Other characteristic.
3.09), means that we cannot exclude a model that contains Diagnostic difficulties introduce substantial problems for
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In the case of false-positive reports, it was possible that
_ the physician or pathology service from whom the report
Univari . . . was obtained was not the best source of data regarding the
nivariate genetic model-fitting (asymptotic least squares) . . . .
to tetrachoric correlations and asymptotic covariance history of the endometriosis diagnosis. Possible reasons for

matrices for endometriosis incorporating all available this may be that the physician who responded may not have
medical and pathology report data. been the one who performed the laparoscopy; he or she may
: have been a current general practitioner if no response could
Parameter ezt'mates be obtained from the specialist or hospital named by the
(squared) twin. In addition, endometriosis may have regressed sponta-
Model 2 Ald? e ¥ df AlC neously or, more probably, in response to treatment by a
previous physician and may not have been seen subse-
ACE 0.51 0.00 0.49 0.178 0 0178 ¢ iently
CE — 0.45 0.55 3.270 1 1.270 ’
AE 0.51* — 0.49* 0.178 1 -1.822 No national data from health insurance or linked records
ADE 0.23 0.28t 048 0.000 0 0.000 relating to diagnoses were available in Australia at the time
E — — 1.00 42.303 2 38.303

of the study, and transfer or sharing of medical records

. . . - o "“"between medical practitioners or services has been discre-
vidual environmental influences; ADE estimating additive and nonaddi- ti ther th dat B twi i

tive genetic, and individual environmental influences; AEestimating lonary ra_ er than _man aory- : eCﬁUS.e In repor |ng. Wa.S
additive genetic and individual environmental influences only; A(C  retrospective, the time since diagnosis was substantial in
Akaike Information Criterion; CE= estimating shared and individual many cases and many physicians had died or changed prac-
environmental influences only; E estimating individual environmental  tices and many hospitals had been closed or records had been
influences only. destroyed. We went to considerable lengths to obtain

*The 95% confidence interval for the additive genetic estimaf® i@ r rds. but obtainin ialist r rds was im ible in
0.36-0.66 and that for the specific environmental influenépi¢e0.33— ecords, but obta g Specialist records was Impossible

Note: ACE = estimating additive genetic, shared environmental, and indi-

0.65. some cases and current general practitioners were contacted
T The 95% confidence interval for the nonadditive genetic estim&égd  for information.
0-0.68.

The results suggested a much smaller number of false-
positive self-reports (1= 3) when data were provided by the
specialists named by the twins as having treated them for

epidemiologic research: [1] women can have histologic ev > 1 ’ g
idence of endometriosis without clinical or Iaparoscopicendometr'os's' Nevertheless, the inferences required to make
distinctions between the reports of different medical practi-

evidence of the disorder; [2] endometriosis can be asymp= ; )
tomatic (59), and the presence of endometrial tissue in thHONers were impossible to draw accurately and acceptably,
pelvic cavity of asymptomatic women does not necessarily?© @l medical reports were treated as correct.

constitute a pathologic condition (60), [3] clinicians may not  Over and above the difficulties involved in obtaining the
be consistent in their definition or clinical diagnosis of most pertinent medical reports, potential diagnostic prob-
endometriosis (visually on laparoscopy) or in their investi-lems are relevant to any research on endometriosis. They
gations of infertility, recurrent pain, or menorrhagia, which include variations in diagnostic procedures and practices
might lead to a diagnosis of endometriosis; [4] histologicbetween practitioners and (possibly asymptomatic) histo-
evidence can result in a false-negative diagnosis dependiriggic endometriosis found inadvertently at surgery. Our un-
on the site from which tissue is removed for biopsy, and [5]derstanding of the morphology of endometrial implants has
when histologic evidence is used as the “gold standard,” biaadvanced in the past decade. The timing of the clinical
may be introduced by virtue of the indications for obtainingdiagnosis of endometriosis in our sample extended past
the tissue specimen. 1986, when multiple morphologic types first were described

Validation of self-reported data required evaluation in the@"d nonpigmented lesions were recognized as being com-
light of these five factors. Validation depended on whichMenly endometriotic (61). Diagnostic practices may not
physician responded, which pathology results were madf@ve changed uniformly; hence, some confounding of our
available, and disproportionately on whether a hysterectom§/iagnostic data is possible. In this study, we did not ask
had been performed. A number of negative reports wer@hysicians for their staging of endometriosis as defined by
included as prima facie evidence of the absence of endom&® American Society for Reproductive Medicine criteria.
triosis, even though they were provided by physicians who! NiS is in place for current work.
might not reasonably be expected to know the patient's Genetic risk may be due to a single major gene or more
complete history. Moreover, identification of false-positive probably to a number of genes acting multiplicatively on the
and false-negative reporting was not possible for all twingisk scale. The sibling genetic relative risk of 2.34 and the
whose data were included in the analyses. This problem hadZ/DZ ratio of approximately 2 are similar to those of other
been rectified for our subsequent and current genetic study @ommon diseases, including asthma and breast cancer, both
endometriosis. of which have proved amenable to gene searching. Recent
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research has suggested a role for several factors, includinig.
uterotubal factors that affect retrograde menstruation, myo,q
metrial dysfunction, mechanisms underlying cellular inva-
sion, steroids, growth factors, cytokines, enzymes, enzym
inhibitors, and other effector molecules in the pelvic cavity22.
(1), which are under potential genetic influence. 23,

Evidence of genetic influence on endometriosis does noj,
diminish the importance of environmental influences on its
onset or pathologic progression—it makes them even morgy
important in terms of prevention. Nevertheless, our findings,
together with evidence from other studies, support the hy*
pothesis that genes influence liability to endometriosis, lead-
ing us into a current linkage and association study of endo?”
metriosis as part of the Australian Cooperative Research
Centre for Discovery of Genes for Common Human Dis-,g
eases.
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