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To identi fy large numbers of tw ins affected by chronic disease as potential  subjects for  studies of
envi ronmental  and genetic chronic disease determinants, we adver tised for  affected twins over  the
per iod 1980–91 in newspapers across Nor th Amer ica. Responses were received from 17 245 twin
pai rs in which cases of cancer  or  other  chronic disease had occurred. To assess the
representativeness of affected twins identified by adver tising, we evaluated the pattern of
repor ting, compared the cases identified to the number  of cases estimated to be prevalent among
al l  Nor th Amer ican twins, compared the cases to population-based singleton case ser ies,
compared the heal thy co-twins to population-based samples of heal thy persons, assessed the
impact on ascer tainment of opinions about disease causation, compared the pattern of prospective
to retrospective ascer tainment of disease in the or iginal ly unaffected co-twins of cases, and
compared the resul ts of the prospective ascer tainment of disease in co-twins to comparable
publ ished estimates. Youth, gender, zygosi ty, education, and disease concordance were found to be
overal l  determinants of ascer tainment. Disease-discordant DZ twins appeared to be modestly
underascer tained. Whi le somewhat better  educated, both concordant and discordant pai rs were
judged to be reasonably representative of affected non-Hispanic whi te Nor th Amer ican twin pai rs
of comparable status, ie of comparable age, sex, race, and zygosi ty. I f interpreted wi th caution, the
concordance patterns of such twins can be used to generate genetic hypotheses, but should not be
the basis of defini tive her i tabi l i ty analyses. We conclude that adver tising offers a method of
identi fying pai rs of tw ins that can serve as subjects for  studies designed to identi fy disease
determinants. Twin Research (2000) 3, 33–42.
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Introduction

As subjects for scientific study of the distinct roles of
inheri tance and the envi ronment in the causation of
specific diseases, tw ins offer many advantages.

1,2

Maximal  advantage of this opportuni ty has not
general ly been taken, however, largely because of the
l imi ted avai labi l i ty of affected twins. Even though
roughly 1 in 50 Americans is a twin,

3
the fact of

twinship is nei ther routinely requested nor routinely
volunteered, and systematic ascertainment of tw ins
wi th disease has been l imi ted to a few restricted and
l imi ted ci rcumstances. In order to identi fy a large
number of tw in pai rs discordantly affected by cancer
and other chronic diseases, primari ly for the purpose
of comparing cases wi th thei r co-twins and other
heal thy persons, we placed newspaper advertise-
ments cal l ing for affected twin pai rs to volunteer for
participation as research subjects in the North

American component of a project cal led the Inter-
national  Twin Study. Because twin volunteers are
presumed to be unrepresentative of tw ins in gen-
eral ,

4
the degree to which twin volunteers wi th

chronic disease are representative of al l  such twins
is of interest, especial ly wi th respect to the possible
under-ascertainment of relatively unmotivated DZ
twins discordant for disease. Whi lst most known or
presumed biases (age, gender, zygosi ty, concordance,
education) would not interfere wi th the val idi ty of
mul tivariate intra-pai r comparisons, strongly held
opinions about causation in the presence of a
recognized intra-pai r exposure pattern might pro-
vide an extra incentive to respond and introduce
bias. This report wi l l  describe the resul ts of these
sol ici tations and wi l l  document our best effort at
comparing the set of cases and heal thy twins so
identified wi th twins and wi th persons considered
representative of the source population.

Mater ials and methods

From 1980 to 1991, advertisements seeking ‘tw ins
wi th cancer’ or ‘w i th (another chronic disease)’ were
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placed periodical ly in North American magazines
and newspapers. These advertisements, usual ly
about 2 � 3 inches in size, wi th the words ‘tw ins’
and ‘cancer’ in bold type, mostly ran in the main
sections of ordinary newspapers. Whi lst advertise-
ments usual ly appeared in two disparate markets
somewhere in North America almost every week, no
single publ ication was used more frequently than
annual ly. More than 300 periodicals wi th a com-
bined ci rculation of roughly 68 mi l l ion were
employed; the average annual  ci rculation for a single
publ ication was about 33 mi l l ion. Respondents were
requested to contact us by telephone or mai l , and did
so over the course of weeks to months fol lowing each
advert. Di rect responses from the members of
affected pai rs in the communi ty served by the
publ ication wi th the advert accounted for 79% of the
responses, and pai rs outside the area to whom the
message was forwarded consti tuted about 4%. The
remaining respondents were referred by friends or
fami ly members inside (7%) or outside (10%) the
ci rculation area. When the latter responded, they
were requested to ask a member of the pai r to contact
us, or to give us permission to contact members of
the pai r wi th specific reference to the identi ty of the
respondent; otherwise no pai r was included. A
member of each reported pai r was subsequently
interviewed by telephone and asked to provide
information about the case’s bi rth date, sex, per-
ceived zygosi ty, the date and place of diagnosis, and
about the co-twin’s vi tal  status and chronic disease
history. Our ini tial  major focus was the study of
mal ignancy and of mul tiple sclerosis. For these
condi tions, signed permission to access val idating
medical  records was routinely sought (successful ly
in more than 70%) and, in the case of neoplastic
condi tions, the diagnoses were coded according to
international  rules

5
as i f for tumor registration.

Tumor specimens were requested for review of the
histologic cancer diagnosis on a si te-specific priori ty
basis, as resources permi tted. After an ini tial  experi -
ence, common sol id epi thel ial  mal ignancies (breast,
lung, colon, etc) specimens were given lower prior-
i ty for review than those from cases of lymphoma,
melanoma, and geni tal  mal ignancy, for which
review was implemented routinely.

Ordinary perceptions of zygosi ty by adul t tw ins in
the Uni ted States are now usual ly unambiguous and
consistent; when the members of a pai r agree, thei r
perceptions are accurate in over 90% of pai rs.

6
In the

course of this project, we used molecular methods to
assess the accuracy of sel f-assessed zygosi ty in more
than 50 pai rs of these adul t tw ins affected by chronic
disease.

7,8
Among those pai rs in agreement about

thei r zygosi ty, al l  laboratory findings to date have
verified the sel f assessments of zygosi ty, and the

latter have been accepted unless there was evidence
of uncertainty or disagreement.

Fol low-up on al l  pai rs to identi fy deaths and new
diagnoses was conducted by periodic mai l ings,
roughly biannual ly, w i th up-date response requests
(new address, new diagnosis) to al l  participants.
Person-years of fol low up have been counted from
the date of ini tial  diagnosis to the date of first
ascertainment (retrospective), or from the latter
through the date of last contact wi th the pai r, in al l
instances prior to 1 February 1993 (prospective). For
many condi tions, including breast cancer and mul ti -
ple sclerosis, detai led postal  questionnai res were
forwarded for completion in the context of case
co-twin studies, and for the two condi tions men-
tioned, the proportion of affected pai rs from which
members completed and returned the instruments
was 74% and 73%, respectively. Included in each
questionnai re were requests for information on
absolute and comparative growth, physical  charac-
teristics, reproductive history, l i festyle, measures of
social  class, and opinions about the causation of the
respective condi tions.

To assess the representativeness of affected twins
identified by means of this method of ascertainment,
we constructed an estimate of the prevalence of
whi te adul t tw ins in North America in 1980, accord-
ing to bi rth cohort, region of bi rth, zygosi ty (using
the Weinberg rule

9
), sex, and survival–concordance

status. We based this on region, race, and cohort-
specific rates of tw in bi rth,

3,10–12
singleton perinatal

and infant mortal i ty,
13

the few avai lable estimates of
cohort-specific relative twin mortal i ty

14
(using,

when possible, race, sex and zygosi ty-specific infor-
mation), and l i fe tables.

15
The cohorts at risk of

cancer during this period were born before any
measurable increase in mul tiple bi rths attributable
to the use of ferti l i ty agents. From avai lable age-
specific cancer incidence from US

16
and Canadian

17

population-based cancer registries and si te/year-
specific survival  estimates

18
we estimated the num-

ber of tw in pai rs in which at least one member
would have been diagnosed wi th cancer at any time
between 1 January 1970, and 31 December 1990, and
in which at least one member of each pai r would
have been al ive on 1 January 1980. Among the cases
estimated to have been diagnosed before 1980, we
distinguished between those who would have sur-
vived at least unti l  1 January 1980 and those who
would have died before that date.

Mul tiple sclerosis (MS) is the most common non-
mal ignant disease systematical ly ascertained. MS is
not comprehensively registered in North America,
and the age-specific incidence is unavai lable, so the
rough prevalence of mul tiple sclerosis has been
measured by physician survey.

19
Al though MS prev-

alence is much less accurate than estimates of cancer
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incidence, we estimated the number of prevalent
cases in twins by applying these age-specific rates to
the estimates of tw in prevalence described above,
recognizing the crudeness of the estimate and the
dispari ty between al l  perceived diagnoses and those
in persons wi th access to a special ist.

Population age-specific incidence rates are only
avai lable in North America for neoplasms. To quan-
ti fy the magni tude of subsequent risk of cancer to the
heal thy twins of affected individuals, age, sex, race
(whi te) and anatomic si te-specific incidence rates for
the period of ascertainment avai lable from the
national  SEER system of population-based regis-
tries

16
were appl ied to the appropriate age-specific

person-years of fol low-up in order to estimate the
number of cases expected to appear among the
heal thy (ie those l iving and not previously so
diagnosed) twins of the proband cases. The age-
specific person-years of retrospective and prospec-
tive fol low-up were separately enumerated. The
standardized incidence ratio (SIR), ie the ratio of
observed to expected cases, was calculated sepa-
rately for the age-specific years between the original
diagnosis and the second diagnosis or ascertain-
ment, whichever came first (retrospective fol low-
up), and to obtain a measure of unaffected by
ascertainment bias, for the years between the date of
ascertainment and the second diagnosis or 23 Feb-
ruary 1993, whichever came first (prospective fol -
low-up). Because such ratios can be compared, based
as they are upon the same standard of comparison,
we have employed them when avai lable in prefer-
ence to the conventional  concordance parameters (ie
twin pai rwise concordance estimator of the casewise
concordance ratio

20
), which has been computed for

other chronic diseases.

Resul ts

Over the period of 11 years, 17 245 twin pai rs
affected by a chronic disease, including 12 134
affected by cancer, were reported in this fashion.
More than 95% of the respondent pai rs were non-
Latino and whi te, and about three-quarters of the
cases had been diagnosed since 1975. Among these
were 3219 pai rs and 1293 pai rs in which breast
cancer and mul tiple sclerosis had occurred, respec-
tively. After receiving signed permission, val idating
medical  records were routinely sought (successful ly
in 71.4%) and coded. Tumor specimens were
requested for review of the histologic cancer diag-
nosis (successful ly in 65%) according to si te-specific
priori ty as resources permi tted. Wi th respect to the
fact of mal ignancy and the anatomic si te of origin,
fewer than 2% wi th a discrepancy between the
original  and review diagnoses (the discrepant cases

were excluded or reclassified) were found for the
common sol id epi thel ial  mal ignancies, including
breast cancer (of which 805 were reviewed). At least
94% of the breast cancer diagnoses were of invasive
disease. Wi th reference to the more di fficul t histo-
logical  diagnoses, two of the 133 reviewed cases of
mal ignant melanoma were judged not to be mela-
noma, and two of the 159 reviewed cases of
Hodgkin’s disease were judged not to be Hodgkin’s
disease. Soon after the ini tial  wave of ascertainment,
national ly recognized MS neurologists reviewed
records from a sample of 146 of the most ques-
tionable (ie fol lowed nei ther at an MS cl inic nor by a
neurologist) or most pertinent (second diagnosis in a
pai r) cases using the standard (Schumacher) cri teria
used at the time. Among these, 96 (66%) were
deemed to be defini te MS, 28 (19%) probable MS, 20
(14%) possible MS, and two (1.4%) not MS. Mem-
bers of the last group are not included in what
fol lows.

Table1 summarizes the number of breast cancer
cases in twins estimated to have been prevalent over
the period, and the number of those identified wi th
known address at the time of diagnosis, according to
region and, for recently diagnosed cases, the size of
the residential  communi ty. By means of advertising
we identified at least 6.9% of the estimated number
of cancers at al l  si tes in twins prevalent at any time
over the enti re period in North America and 7.9% of
those diagnosed in the years 1980–1990. The equiva-
lent figures for the ascertainment of cancer of the
female breast are 11.4% of those prevalent at any
time over the period and 17.2% of those diagnosed
in 1980–90. The ascertainment fraction was only
sl ightly lower for al l  cases diagnosed before 1980
than those diagnosed in or after 1980, even though,
among the former, i t was twice as great for survivors
as for those who died before 1980. Only minor
di fferences in the fraction ascertained could be
attributed to region or the size of the residential
communi ty.

In a subset of large ci ty newspapers, adverts were
repeated in the same newspapers after 1 year
(271 newspapers) and again after 2 (185), 3 (140), 4
(92), 5 (66), 6 (42), 7 (29), and up to 12 years (1). The
mean responses from cancer-affected pai rs (based on
a total  of more than 11 000 pai rs) after the first up to
the sixth adverts were 4.9, 4.9, 4.2, 3.5, 2.8 and
1.9 respondents per 100 000 ci rculation,
respectively.

Table2 describes the relative efficiency of ascer-
tainment of breast cancer cases according to age at
diagnosis and perceived zygosi ty. Middle-aged cases
were ascertained four times as frequently as cases
diagnosed at 60 or older. The rate of ascertainment
wi th diagnoses before age 30 was four times as great
as that for the middle-aged, and the number of such
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cases seemed to exceed the number thought to be
present. The accuracy of sel f-reports of breast cancer
was very high, especial ly in young women. There-
fore the apparent excess could be due to chance (the
concordance l imi t is just above 100%), the incidence
of breast cancer in young women could be high in
both MZ and DZ twins (not consistent wi th some
current hypotheses

21,22
), or the absolute prevalence

in the population of younger twins may have been
underestimated, since our estimates of recent tw in
survival  are necessari ly crude.

Table3 compares the number of ascertained cases
of mul tiple sclerosis to the estimated true number
according to gender, zygosi ty, and age. About a
quarter of the estimated number of male cases was
identified by advertising, and the effectiveness of

ascertainment seems to have been nearly tw ice as
great for females as for males. Fewer unl ike-sex pai rs
containing female cases responded than those con-
taining male cases, which were ascertained as
effectively as other male pai rs, probably because
heal thy females reported cases in thei r male
co-twins more readi ly than heal thy males reported
cases in thei r female co-twins. Since age at onset or
even diagnosis of mul tiple sclerosis requi res an
individual ized detai led analysis, and since no rel i -
able age-specific incidence figures are avai lable for
North American populations, we have provided a
distribution of the age of cases reported and yet to be
reported as of 1 July 1985. Only for those aged 50–59
in that year was there some modest underascertain-
ment, presumably by chance.

Table 1 Estimated fraction of identified North American twin cancer cases wi th known address at time of diagnosis by region and
nature of the residential  communi ty

Diagnosis and Death <1980 Diagnosis <1980, al ive 1980 Diagnosis 1980–1990
Prevalent Twin Prevalent Twin Prevalent Twin
twin cases % twin cases % twin cases %

Region cases found found cases found found cases found found

New England 235 10 4.3 662 41 6.2 1108 78 7.0
Middle Atlantic 635 13 2.1 1792 100 5.6 2903 222 7.7
South Atlantic 570 17 3.0 1612 105 6.5 3098 201 6.5
East North Central 719 27 3.8 2038 120 5.9 3313 278 8.4
East South Central 257 6 2.3 730 50 6.9 1231 75 6.1
West North Central 369 12 3.3 1034 61 5.9 1681 120 7.1
West South Central 350 8 2.3 987 49 5.0 1820 141 7.8
Mountain 130 7 5.4 370 37 10.0 745 97 13.0
Pacific 427 23 5.4 1207 128 10.6 2278 287 12.6
Uni ted States, Total 3691 123 3.3 10431 691 6.6 18178 1499 8.3
Canada 306 8 2.6 874 28 3.2 1641 63 3.8
North America 3998 131 3.3 11305 719 6.6 19819 1582 7.9

Large ci ty (>1 mi l l ion) 6164 510 8.3
Area surrounding large ci tya 1030 93 9.0
Medium-sized ci ty (>250 000) 4119 385 9.3
Area surrounding medium-sized ci tya 890 68 7.6
Smal l  ci ty (>50 000) 2042 153 7.5
Area surrounding smal l  ci tya 279 28 10.0
Rural  area 5149 325 6.3

aSame metropol i tan statistical  areas or Canadian equivalents.

Table 2 Estimated ascertainment fraction of 1980–1990 incident North American twin breast cancer casesa wi th known address at
time of diagnosis by zygosi ty

Zygosity/gender Prevalent twin cases Twin cases found % found 95% confidence interval

Diagnosed at age 20–29
Identical  tw ins 50 66 132.4 102.1–168.0
Like-sex fraternal  tw ins 43 49 114.1 84.3–150.7
Unl ike-sex fraternal  tw ins 42 24 56.6 36.6–85.1

Diagnosed at age 30–59
Identical  tw ins 1975 566 28.7 26.3–31.1
Like-sex fraternal  tw ins 1910 410 21.5 19.4–23.6
Unl ike-sex fraternal  tw ins 1844 169 9.2 7.8–10.7

Diagnosed at 60+
Identical  tw ins 1548 98 6.3 5.1–7.7
Like-sex fraternal  tw ins 1552 81 5.2 4.1–6.5
Unl ike-sex fraternal  tw ins 1167 46 3.9 2.9–5.3

aExcluding 73 cases of unknown precise age or zygosi ty.
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Table4 compares the characteristics of the unaf-
fected (largely whi te) tw ins of ascertained breast
cancer cases who returned questionnai res wi th those
of unaffected whi te women from the general  popula-
tion, by means of a representative national  survey,

23

as wel l  as by means of the responses to questions put
to women chosen as age-matched neighborhood
controls in concurrent Los Angeles breast cancer
case-control  studies.

24,25
The heal thy twins of breast

cancer cases were somewhat better educated than
those chosen as neighborhood controls of breast
cancer cases in Los Angeles. Otherwise, whi le there
was a tendency for premenopausal  tw ins to use oral
contraceptives sl ightly less often and postmeno-
pausal  tw ins to use them more often, the unaffected
twins of cases were general ly simi lar to other
unaffected women.

Bel iefs about the cause of breast cancer included,
in order of frequency, ‘stress’ (23%), ‘genetics’
(19%), general  diet (15%), pol lution (7%), hormones
(7%), trauma (6%), vi ruses (2%), immune abnor-
mal i ties (2%), and radiation (2%); 34% of those who
gave a fami ly history of breast cancer mentioned
‘genetics’, whereas only 16% of the others did so. A
report of breast cancer in a first-degree relative was
provided by 16% of the cases and also by 16% of the
heal thy co-twins, even though 21% of the pai red
respondents disagreed on the presence or absence of
such a fami ly history. The bias attributable to
prevai l ing hypotheses appeared to be minor. When-
ever the control  had used exogenous estrogens, one
or both respondents in 14.9% of the pai rs mentioned
hormones, whereas whenever the case had used

them, such a mention came from 22.0% of the pai rs
a marginal ly significant di fference of 7.1 (confidence
interval : 0.01–13.7).

Among the co-twins of cancer cases, subsequent
cancer was documented in 850 MZ co-twins,
482 l ike-sex DZ co-twins, and 269 unl ike-sex
co-twins. Of these 698 were of the same type as the
cancer in a l ike-sex proband. Table5 provides the
standard incidence ratios (SIR) for cancers diag-
nosed in the l ike-sex co-twins of proband cancer
cases, according to cancer combination, gender,
zygosi ty, and type of ascertainment. For each
method of ascertainment, the ratio of SIRs for MZ to
DZ pai rs is provided, as is, for each zygosi ty, the
ratio of prospectively to retrospectively observed
SIRs. In addi tion to any cancer in the twins of cases
of any cancer, Table5 shows combinations of unl ike
cancers, the twin combinations of breast and any
other cancer, and the pai rs in which breast cancer
occurred in both twins. Only for breast cancer in the
MZ co-twins of breast cancer cases were the
observed number of cases in co-twins as high as
twice that expected. Whi lst the SIRs themselves wi l l
vary wi th the age distribution of the person-years at
risk (younger person-years being more l ikely to be at
preferential ly higher risk for MZ co-twins), as wel l  as
wi th the prevalence of high risk genes in the
population, the ratio of MZ to DZ SIRs measured
prospectively wi thout bias ought to be roughly
comparable wi th those found in other populations.
However, prospective survei l lance invariably
yielded SIR estimates lower than those from retro-
spective survei l lance, and wi th the inexpl icable

Table 3 Estimated ascertainment fraction of 1980–1990 incident North American twin mul tiple sclerosis casesa,b wi th known address
at time of diagnosis by zygosi ty and age

Estimated no. of prevalent
Zygosity/gender twin cases 1980–1990a Twin cases found % found 95% confidence interval

Males
Identical  tw ins 412 84 20.4 16.3–25.3
Like-sex fraternal  tw ins 362 92 25.4 20.5–31.2
Unl ike-sex fraternal  tw ins 388 91 23.5 18.9–28.8

Females
Identical  tw ins 669 300 44.8 39.9–50.2
Like-sex fraternal  tw ins 600 257 42.8 37.8–48.4
Unl ike-sex fraternal  tw ins 636 215 33.8 29.4–38.6

Males and females
Identical  tw ins 1081 384 35.5 32.1–39.3
Like-sex fraternal  tw ins 962 349 36.3 32.6–40.3
Unl ike-sex fraternal  tw ins 1024 306 29.9 26.6–33.4

Males and females by age in 1985c

<20 years 15 6 40.0 14.4–87.6
20–29 years 242 104 43.0 35.1–52.1
30–39 years 715 392 54.8 49.5–60.5
40–49 years 810 325 40.1 35.9–44.7
50–59 years 951 240 25.2 22.1–28.6
60+ years 337 176 52.2 44.8–60.5

aPrevalent cases 1980 plus incident cases 1980–1990; bExcluding 254 cases of unknown zygosi ty; cEstimated number of tw in cases
identified at any time by age on 1 July, 1985.
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exception of any cancer combination in males, this
dispari ty was greater for DZ twins than for MZ twins,
suggesting a general ly lower level  of ascertainment
for DZ discordant cases.

Among the co-twins of non breast cancer cases
diagnosed before age 30, based on three, two, and
two cases, the SIRs were 1.7 (0.3–4.9), 1.5 (0.1–5.7),
and 3.3 (0.3–12.3) for MZ, l ike-sex DZ and unl ike-
sex DZ female co-twins respectively. Among the
co-twins of non-breast cancer cases diagnosed at
30–39, based on two, four, and two cases, the SIRs
were 0.6 (0.1–2.3), 1.7 (0.5–4.5), and 2.2 (0.2–8.2) for
the same three groups. In al l  groups the mean
number of person-years of fol low-up was less than 5,
indicating that the risks to co-twins are for the years
at age 30–34 and 35–44, respectively.

Prospective ascertainment after recogni tion of
prevalent cases of mul tiple sclerosis yielded few
cases. Based on al l  ascertainment, the probandwise
estimators for 104 male MZ, 107 male l ike-sex DZ,
350 female MZ, 302 female l ike-sex DZ, and

359 unl ike sex DZ pai rs were respectively 0.22, 0.09,
0.11, and 0.08.

Discussion

Advertising enabled us to identi fy a very large
number of affected twin pai rs as possible study
subjects. Assuming that the average newspaper is
actual ly read by 1.5 persons, wel l  under hal f the
target population of North America was never
covered, and no more than a quarter was covered
annual ly. Given that, our ascertainment, especial ly
of younger female cases and cases of long-duration
chronic disease such as mul tiple sclerosis, was
substantial , probably amounting to the majori ty of
those aware of the ads. After about three advertise-
ments in the same periodical , the rate of response
began to drop, suggesting that the pool  of potential
respondents was being depleted. Except for the
pronounced relative underascertainment of older
cases, recrui tment of affected twins by newspaper
advertisement appears to have identified a popula-
tion of female twin breast cancer cases that is
reasonably representative of those of comparable age
and race in the US population, and the character-
istics of the heal thy members of the ascertained pai rs
seem to correspond wel l  to the characteristics of the
population at risk. As expected, MZ pai rs and
females in general  preferential ly respond to advertis-
ing, and there was the expected moderate under-
ascertainment of unl ike-sex pai rs, especial ly those
wi th affected females. After comparing the retro-
spective ascertainment to those ascertained pro-
spectively wi thout bias, moderate underascertain-
ment of DZ discordant pai rs can be recognized. It
cannot therefore be assumed that estimates of the
relative magni tude of MZ to DZ concordance are
inevi tably overestimates, al though the bias intro-
duced by these losses was always less than twofold,
and is partly compensated by overascertainment of
MZ concordant pai rs. Assuming the prospective
ascertainment to be unbiased and the retrospectively
ascertained MZ cases to be representative, the
magni tude of the relative loss of DZ pai rs discordant
for any cancer is below 20%, but may be as high as
70% in the case of those discordant for breast cancer.
These estimates are compatible wi th the di fferences
in ascertainment fraction seen in Table2. When
using such cases to compare cases and unaffected
co-twins in case-control  fashion, the degree to which
any risk estimate is modified by zygosi ty should be
interpreted wi th caution.

Our principal  concern about ascertainment bias,
given our goals, was the possibi l i ty that the incom-
plete response from disease-discordant tw ins would
partly be based on whether the pattern of exposure

Table 4 Characteristics of heal thy tw in respondents in
comparison wi th heal thy US non-twins

Healthy
twins
of breast Healthy
cancer US white
cases females

Mean height in inches at age 20 64.2 64.4a, 64.6b

Mean Quetelet’s index, age 20 20.3 22.5a, 22.5b

Mean Quetelet’s index, age 40 22.3 24.9a

% wi th col lege degree
Age <42 36.2 37.2b

Age 51+ 18.3 20.3c

% menarche <age 12
Age 40–54 19.4 21.8a

Age 65–74 15.5 15.8a

% ever married
Age <42 89.2 91.3b

Age 51+ 94.0 97.1c

% ever used oral  contraceptives
Age 40–54 67.2 60.5a

Age 65–74 7.5 4.3a

Mean age at first ful l -term pregnancy
Age <42 23.7 23.6b

Age 51+ 24.6 23.9c

Mean no. ful l -term pregnancies
Age <42 2.1 2.2b

Age 51+ 3.1 4.0c

% ever smoked cigarettes 48.0 49.4a

% smoked 25+ cigarettes dai ly 24.4 22.4a

‘Heavy’ alcohol  drinkers
Age 40–54 4.4 4.2a

Age 65–74 5.6 3.8a

aNational  sample of heal thy women.23

b,cPopulation-based (neighbourhood) controls from case-control
studies, each wi th >500 controls, conducted in Los Angeles
County.24,25
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in the pai r corresponded to thei r perception of
etiology. We were reassured to observe that most
etiologic speculation was exceedingly vague. Sti l l , i t
was apparent that the issue could not be completely
ignored, since we could demonstrate, for example,
that there was a marginal  relationship between
etiologic concern about ‘hormones’ and preferential
use of exogeneous hormones by the case. In the case
of breast cancer, this smal l  proportion of pai rs can
easi ly be excluded when evaluating the role of
hormones, but simi lar considerations might wel l  be
more important in the examination of other
hypotheses.

Using the same study design in Sweden, wi th an
identical  instrument (in translation), i t was observed
that unaffected co-twins were as l ikely as the cases

themselves to indicate the presence of other cases of
breast cancer in first-degree relatives.

26
That was also

the case in North America, even though the Swedish
cases are often less wel l  informed about the nature of
thei r i l lness, were older, and were interviewed in
person, rather than by mai l .

The higher SIRs for co-twins of a cancer case
contracting any cancer can be explained on the basis
of the known specific genetic determinants of spe-
cific cancers. Based only on prospectively obtained
information, the ratio of MZ to DZ SIRs for males and
females were estimated at 1.2 and 1.6 respectively.
For males, estimates from Sweden,

27
Finland,

28
and

US World War II veterans
29

were 1.4, 1.6, and 1.4,
and for females, estimates from Sweden,

27
Finland,

28

and Denmark
30

were 1.1, 1.2, and 0.9. Thus our

Table 5 Occurrence of cancer in twins of North American cancer cases: comparison of ascertainment methods

Method of SIRmz/
ascertainment Pairsc Expd Obs SIRe Pairsc Expd Obs SIRe SIRdzf

Any cancer in the second twin fol lowing any cancer in the first tw in
Male MZb Male DZb

Prospectivea 1310 55.1 73 1.3 836 37.2 42 1.1 1.2
(1.0–1.7) (0.8–1.5)

Retrospectivea 1505 62.4 178 2.9 936 42.9 87 1.3 2.2
(2.4–3.3) (1.6–2.5)

Pro/ retro 0.45 0.85 0.5

Female MZb Female DZb

Prospectivea 2918 103.2 170 1.6 2101 77.3 80 1.0 1.6
(1.4–1.9) (0.8–1.3)

Retrospectivea 3369 139.5 429 3.1 2386 108.6 273 2.5 1.2
(2.8–3.4) (2.2–2.8)

Pro/ retro 0.52 0.40 1.3

Any other cancer in the second twin fol lowing any specific cancer in the first tw in
Male MZb Male DZb

Prospective 1557 61.8 65 1.1 928 39.1 40 1.0 1.1
(0.8–1.3) (0.7–1.4)

Retrospective 1694 64.7 90 1.4 1025 43.2 64 1.5 0.9
(1.1–1.7) (1.1–1.9)

Pro/ retro 0.79 0.67 1.2

Female MZb Female DZb

Prospective 3490 107.7 128 1.2 2457 77.7 76 1.0 1.2
(1.0–1.4) (0.8–1.2)

Retrospective 3829 137.9 248 1.8 2700 100.3 205 2.0 0.9
(1.6–2.0) (1.8–2.3)

Pro/ retro 0.67 0.50 1.3

Breast cancer in one twin wi th any non-breast cancer in the other twin
Female MZ Female DZ

Prospective 3559 65.6 81 1.2 2487 46.4 44 0.9 1.3
(1.0–1.5) (0.7–1.3)

Retrospective 3806 81.7 105 1.3 2689 59.7 111 1.9 0.7
(1.1–1.6) (1.5–2.2)

Pro/ retro 0.92 0.47 1.9

Breast cancer in the second twin fol lowing breast cancer in the first tw in
Female MZ Female DZ

Prospective 1340 17.2 77 4.5 970 13.1 22 1.7 2.6
(3.5–5.6) (1.1–2.5)

Retrospective 1555 22.2 180 8.1 1097 18.4 97 5.3 1.5
(7.0–9.4) (4.3–6.4)

Pro/ retro 0.56 0.32 1.7

aProspective ascertainment: fol low-up between first notification and 31 January, 1993; retrospective ascertainment: fol low-up between
diagnosis of first tw in and first notification. bZygosi ty: MZ=monozygotic, DZ=dizygotic l ike-sex.cExcluding pai rs: imprecise age or date
of diagnosis, death or outcome diagnosis before entry, non-val idated diagnosis. dBased on SEER age, sex and si te-specific incidence
rates appl ied to person-years of fol low-up. eStandard Incidence Ratio. fProspective SIR or ratio/ retrospective SIR or ratio.
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estimates are sl ightly lower for males, and sl ightly
higher for females, al though al l  the estimates from
the l i terature are wi thin the estimated l imi ts of
confidence. Real  di fferences might be expected,
however. The estimates from the l i terature are based
on cases wi th a substantial ly older age distribution,
and general ly occurred in earl ier decades. Thus
smoking-related cancers were more prominent
among the male cases, and concordance for smoking
is more common among MZ twins.

31
As for females,

breast cancer is the single most common enti ty, and
youthful  diagnosis is associated wi th heri table
disease.

32

We have no means of di rectly estimating the risk to
MZ or DZ twins per se, but the absolute risk of a
cancer in the co-twin of a case wi th a di fferent cancer
should be only a sl ight overestimate, since the genes
which determine cancer at any of several  si tes are
relatively rare. Our estimates from prospective ascer-
tainment in males were 1.1 and 1.0 for MZ and DZ
co-twins respectively, and for females the estimates
were 1.2 and 1.2. As expected, these are only
marginal ly higher than the estimates, essential ly of
uni ty, from Sweden

33
and Finland.

28
These resul ts

provide addi tional  reassurance that the cancer risk
for tw ins overal l  is identical  to that for singletons,
and that heri table risk from cancer is largely si te-
specific.

Simi larly, our estimates of the breast cancer risk to
the twins of cases wi th other cancers should be
sl ightly higher than di rect estimates of the breast
cancer risk to individual  tw ins. Here we estimate MZ
and DZ risks at 1.2 and 1.3, wi th confidence l imi ts
which include the estimates from Sweden,

33
Fin-

land,
22

and Bri tain
34

of 0.9, 0.8, and 0.9 respectively.
Because of the known prevalence of genetical ly
determined mul tiple cancer syndromes including
breast cancer, i t is not surprising that the dispari ty is
somewhat larger than for al l  cancers. Considering
the estimated breast cancer risk for the co-twins of
young cancer cases as a surrogate for the risk to
young twins, we found elevated risk for al l  co-twins
in the youngest category, and highest in the female
DZ co-twins of male cases. Considering the width of
the confidence intervals and the complex genetics of
mul tiple cancer syndromes, these resul t provide no
support for ei ther the hypothesis of increased risk in
DZ twins

21
or that of decreased risk in MZ twins;

22

only the hypothesis of increased female breast
cancer risk to women from unl ike-sex pai rs

35
is

weakly supported.
There are three studies of tw in concordance for

mul tiple sclerosis which are based on ascertainment
from defined populations, and from which more
than two-thi rds of the pai rs identified were judged to
be el igible based on known zygosi ty and disease
status.

36–38
In the aggregate, 52 MZ and 77 DZ pai rs

were assessed in those studies, and the summary
probandwise estimates can be calculated at 0.42 and
0.08 respectively, compared wi th 0.24 and 0.10
among the 454 MZ and 409 l ike-sex DZ pai rs upon
which this report is based. The reason for the
dispari ty is not obvious, since the DZ concordance
estimates are nearly identical , and our estimate of
MZ concordance is lower, not higher, than that from
the population-based sets. Thus nei ther loss of DZ
discordant pai rs nor overascertainment of MZ con-
cordant pai rs could explain the di fference. It is also
notable that in one of the population-based sets
(Hel tberg

36
), the MZ concordance was 0.35, and that

our estimates are nearly identical  in males, females,
and even unl ike-sex pai rs. It is true that about 20%
of our pai rs were under age 40 at the time of last
fol low-up, and i t is possible that addi tional  con-
cordant pai rs wi l l  be found. A l ternatively, i t is not
impossible that population-based ascertainment,
which is necessari ly based on medical  visi tation,
underascertains those cases in discordant pai rs who
have pathognomonic physical  signs but no obvious
symptoms and who need minimal  or no medical
care.

In summary, the ascertainment of affected twin
pai rs by advertising can produce very large numbers
of affected pai rs. However, rel iance solely upon
retrospective ascertainment does al ter the ratio of
concordant to discordant pai rs. The degree of ascer-
tainment bias doubtless varies in relation to the
degree of identification wi th, and the magni tude of
concern about, the specific medical  condi tion. If a
contribution to our understanding of the role of
inheri tance can be made, i t can only be from relying
exclusively on prospective ascertainment, or when
resul ts indicate an unexpectedly low concordance in
MZ twins (given an appropriate length of fol low-
up

7
), a very substantial  level  of concordance in MZ

pai rs wi th negl igible or no concordance in DZ
pai rs,

39
or notable di fferences in the pattern of risk in

relation to the latency after the first diagnosis.
8

However, the purpose of ascertaining affected twin
pai rs by the means used was not defini tively to
assess absolute or relative disease concordance, but
to identi fy relatively large numbers of discordant
and concordant pai rs as subjects for intra-pai r
comparisons or as a means of identi fying cases more
l ikely to represent the heri table fraction of disease.
There is no reason not to consider concordant pai rs
unrepresentative. As long as the gender, age, zygos-
i ty, general  social  class and concordance of subjects
is accurately reported, and as long as potential
underascertainment of DZ discordant pai rs is recog-
nized, i f findings wi thin MZ pai rs are to be com-
pared wi th findings wi thin DZ pai rs, conclusions
derived from the study of discordant pai rs are as
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general izable to other populations as are the resul ts
of other epidemiological  studies.
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