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There are many anecdotes about iden-
tical twins who were separated early in
life and later reunited. Although reared
in different environments, their remark-
able similarities include mannerisms,
tastes in food, choices of hobbies, and
vocations. Some people even believe
that there is an almost extrasensory sym-
pathy between identical twins—shared
pain and moods and vague awareness
about how the other is doing or what the
other is thinking, While these anecdotes
receive widespread attention in the
media, the truly profound research on
twins is not so well known outside the
scientific community.

In the first part of thk essay, 1 we re-
viewed the unique biology involved in
the conception and birthing of twins. In
this part, we’ll review what researchers
in the behavioral, cognitive, and medical
sciences have learned about twins.
Much of thk research has profound im-
plications for the old philosophical “na-
ture vs. nurture” debate. The extent to
which intelligence, personality, and
even health and life span are determined
by genetics or environmental factors is
still very controversial.

As discussed in the first part of this
essay, there are two types of twins—
monozygotic (MZ) and dizygotic (DZ).
DZ twins are like any other siblings—
that is, on the average, only half of their
genes are the same. They can be of the
same or opposite sex. MZ twins are ge-
netically identical, They have duplicate

genes and they are always of the same
sex. Thus, by comparing MZ and DZ
twins, researchers are able to study the
genetic and environmental factors in
various human characteristics and dis-
eases. Before we review the results of
these twin studies, we’ll briefly discuss
some of the various ways twins are used
in research.

The classic twin study method is a tool
for estimating the relative influence of
genetic and environmental factors on a
specific trait. If one assumes that envi-
ronmental effects are the same in MZ
and DZ twins, then a greater similarity
between members of MZ pairs than be-
tween members of DZ pairs would indi-
cate that the similarity is a result of their
matching genes.

Twins are said to be concordant when
both members of the twin pair are alike
in a trait or discordant when one twin is
different from the other in that trait. The
concordance rate, or the percent of MZ
and D Z twin pairs sharing similarity for a
given trait, is used as a measure of the
genetic contribution to that trait. How-
ever, if the research is concerned with a
continuously variable trait, such as IQ
score, a statistical measure known as
correlation is used to gauge similarity.
The higher the correlation, the more
alike are the twins. A correlation of 1.0
indicates complete identity for a given
trait.

A major criticism of this classic twin
study method is that the childhood envi-
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ronment shared by MZ twins may be
more similar than that of DZ twins. For
example, parents may treat nonidentical
twins differently from the way they treat
identical twins. And MZ twins were
once thought to spend more time togeth-
erthan DZ twins. However, these specu-
lations are not supported by research.
Hugh Lytton, Department of Education-
al Psychology, University of Calgary,
Alberta, Canada, found that parents re-

spond to the differences between DZ
pairs, rather than create them by treat-
ing the individual twins differently. z Nor
do parents by their actions introduce
greater similarity into the behavior of
MZ twins. In fact, when zygosity is
unknown to parents, their treatment of
the twins is in line with the actual rather
than the perceived zygosity of the pair.
Steven G. Vandenberg, Institute for Be-
havioral Genetics, University of Colora-
do, Boulder, suggested that most twin
characteristics, such as having the same
friends, do not cause similarity, but
result from existing similanty.3

Another method, which uses only MZ
twins, eliminates thk potential environ-
mental bias. By looking at differences
between MZ twins separated when they
are infants and reared apart, psycholo-
gists have been able to examine the ex-
tent to which variation in a given trait is
environmentally determined, However,
use of this method is limited by the small
number of MZ twins who are raised
apart.

Still another twin study strategy is the
cetwin control method. First used in
studies of the acquisition of skills, the
co-twin control method is more fre-
quently used today in testing various
treatments, such as the effectiveness of
vitamin C in preventing the common
cold. In the co-twin control study, one
twin of the MZ pair is treated while the
other remains untreated and serves as a
control. One variation on this method
compares MZ twins discordant for a spe-
cific trait. By using MZ twins, genetic

factors are controlled, and the effects of
environmental factors can be deter-
mined.

Of course, all these methods require
accurate knowledge of zygosity; that is,
the ability to distinguish MZ from DZ
twins. A variety of genetically controlled
traits, such as blood type and blood
serum antigens, physical appearance,
and finger ridge count, can be used to
determine zygosity. However, in large
twin studies, it may be more feasible to
use a questionnaire that assesses early
physical resemblance on the basis of se-
lected traits. Discordance for any trait
indicates that the pair is dizygotic, but a
question arises when concordance oc-
curs. Since they are genetically identi-
cal, all MZ pairs will be concordant.
However, because approximately half of
their genes are the same, concordance
may also occur in DZ twins who may be
mistaken for MZ.

Although comparison of blood groups
and blood-group antigens is often
thought to be the most accurate method
for determining zygosity, subjective
methods are necessary when researchers
study large groups of twins. These meth-
ods are surprisingly accurate. For exam-
ple, C. Dennis Robinette, National Acad-
emy of Sciences-National Research
Council (NAS-NRC), Twin Registry,
Washington, DC, noted that he and his
colleagues were able to determine zygosi-
ty with 96 percent accuracy by asking two
questions: (1) “Were you and your twin
ever said to be afike as ‘two peas in a pod,’
or only of ordinary resemblance?” (2)
“Did close friends, relatives or school

teachers have difficulty telling you and
your twin apart?”4

Paolo Parisi, University of Rome and
Gregor Mendel Institute for Medical
Genetics and Twin Studies, Rome, Italy,
noted that an experienced observer can
classify twins according to zygosity sim-
ply by looking at them. s This is not sur-
prising, because physical traits such as
eye and hair color, ear form and attach-
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ment, and the shape of the nose are
under strict genetic control. In a 1983
study, Nancy L. Segal, Department of
Psychology, University of Minnesota,
Minneapolis, compared the accuracy of
a skilled observer in determining zygosi-
ty with the blood typing procedure. She
found the observer’s judgments to be the
most accurate. Of 53 twin pairs classified
by laboratory tests, 5 disagreed with the
observer. On retest, researchers found
an error in blood typing, and the observ-
er’s judgments thus were confirmed in
all cases. b However, blood typing con-
tinues to be the preferred method for an
objective diagnosis.

This interesting and important re-
search would be either impossible with-
out twins, or at least difficult and ambig-
uous. As noted in part one of this essay,
twins are a small population, and identi-
cal twins occur only in 4 per 1,000 births.
Fortunately, twin registries mitigate the
relative rarity of twin births. Table 1 pre-
sents a selected list of these registries,
which maintain extensive databases of
demographic and other information
about twins. Researchers can use the
data in a registry or contact the twins
through the registry. One of the largest
registries in the US is at the Medical Col-
lege of Virginia and includes over 29,000
pairs. The NAS-NRC Veterans Twin
Registry includes the 16,000 US twins
who served in World War II. Registries
in the Scandinavian countries are gener-
ally based on birth records and include
all of the twins who were born in each
country. These registries facilitate stud-
ies from a wide variety of disciplines.

The first scientific study of twins took
place more than 100 years ago when the
British anthropologist and eugenicist,
Sir Francis Galton, introduced the clas-
sic twin study method,7 Galton’s early
genetic studies centered on the inheri-
tance of intellectual ability. However,
he was unable to distinguish between in-
herited and environmental factors.
Gakon realized that twins provided a

natural laboratory for studying the
nature vs. nurture controversy. Al-
though Galton’s studies were based on
erroneous ideas about the biology of
twinning and zygosity, his general con-
clusion that there is a genetic compo-
nent to intelligence was reasonably ac-
curate.

More recent studies of intelligence
that used Galton’s twin study method
found that MZ twins become increasing-
ly similar while DZ twins begin to di-
verge as they reach school age. Psychol-
ogist Ronald S. Wilson, University of
Louisville School of Medicine, Ken-
tucky, observed the same children for
several years. He reported that prior to
the age of 18 months, correlations for in-
telligence were 0.69 and 0.63 for MZ and
DZ pairs, respectively. Between the ages
of 18 months and 4 years, these correla-
tions averaged 0.83 and 0.72, respective-
ly. By age 6, correlations stabilized at
0.85 for MZ and 0.63 for DZ twins.g
Wilson concluded that intelligence is
guided by a genetic template that acts
throughout childhood and into adoles-
cence.

In a study of intelligence in MZ twins
who were reared apart, David T. Lyk-
ken, Psychiatry Research Unit, Univer-
sity of Minnesota, Minneapolis, esti-
mated that about 70 percent of intelli-
gence is genetically determined.g The
largest study of intelligence in MZ twins
reared apart was published by the well-
known British psychologist Sir Cyril
Burt. According to Burt’s biographer,
L.S. Hearnshaw, University of Liver-
pool, England, the validity of thk work
has been questioned, since he chose to
create fictitious collaborators with
whom he published further confirming
studies. 10 To say the least, the question
of heritability of intelligence is still hotly
debated, there being studies that both
support and contradict his studies. How-
ever, Burt’s work in no way reflects on
the more recent studies of MZ twins
reared apart.
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Table 1: A list of some major twin registries

Danish Twin Registry
University of Odenac
Arvepatologiak Institut
Odenac, Denmark

Finnish Twin Registry
Department of Public Health Science
University of Helsinki
Helshki, Fkdand

Institute of Medical Genetics
Academy of Medical Sciences of the LJSSR
Moscow, 115478, [JSSR

Kaiser-Permanence Twin Registry
Department of Medical Methods Research
Kaiaer-Perrrmnente Medical Care Program
Oakland, CA 9461 I

Medical College of Virginia Twin Registry
Department of Human Genetics
Medical College of Virginia
Richmond, VA 23298

National Academy of Sciences-National
Reacarch Council Twin Registrj

National Research Council
2101 Constitution Avenue, N,W.
Washington, DC 20418

Norwegian Twin Registry
Institute of Medical Genetics
University of 0s10
Blindem, Oslo 3
Norway

Swedkh Twin Registry
Department of Environmental Hygiene
Karolinska Institute
Stockholm, Sweden

Language is one means of expressing
intelligence. It is a complex function
that is influenced both by genetic and
environmental factors. Psychologists
Patricia L. Mather, Utica College of Syr-
acuse University, New York, and Kath-
ryn N. Black, Purdue Universit y, Lafay-
ette, Indiana, found that in preschool
children, vocabulary comprehension is
significantly influenced by heredity.
Verbal skills are more closely related to
the home environment. 11

Twins are generally slower to speak
than singletons. Lytton found that MZ
pairs are even slower than DZ pairs to
develop speech and vocabulary skills. 12
Verbal interaction with the mother ap-

pears to be the most important factor in
learning to speak for all children. Dorice
Conway and colleagues, Department of
Educational Psychology, University of
Calgary, Alberta, Canada, found that,
because they lack time, mothers speak
to twins less frequently and in shorter
and less complex utterances than do
mothers of singletons. IS Jennie P. Bet-
ton and Lynne S. Koester, Family Re-
search Center, University of North Car&
lina, Greensboro, observed that twins
provide support and encouragement for
each other and need their mothers less
than singletons do to develop cognitive
skills. 14

Certain speech disorders seem to have
a hereditary component. Until recently,
few researchers considered stuttering, a
disorder in the timing of speech, to be of
genetic origin. However, Pauline M.
Howie, School of Psychiatry, University
of New South Wales, Sydney, Australia,
found a concordance of about 63 per-
cent for MZ twins and about 19 percent
for D Z twins. I~To better understand the
nature and degree of similarity of symp-
toms in MZ twins, Howie examined twin
pairs with at least one stutterer to deter-
mine which characteristics were under
genetic control. She found evidence for
a genetic contribution to the frequency
and type of speech disruption, for exam-
ple, blocked or prolonged sounds. How-
ever, there was little evidence for a ge-
netic influence on the types of speech
repetitions and interjections associated
with stuttering. lb

Language skills and intelligence are
related to basic brain function. One re-
flection of basic brain function is the
electroencephalogram (EEG). EEG pat-
terns reflect electrical activity within the
cerebral cortex, that part of the brain re-
sponsible for intelligence. The resulting
brain-wave tracings are influenced by
factors such as the size and shape of the
skull in relation to the underlying cere-
bral cortex, the anatomy of the cortex,
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and by the microstructure associated
with cognitive and emotional reactions.
Generafly, each person has a unique
brain-wave pattern. However, since MZ
twins are genetically identical, it is not
surprising that their EEG patterns are
very similar, while those of DZ twins are
no more alike than those of unrelated in-
dividuals. Lykken and colleagues found
these patterns to be similar for MZ twins
whether they were reared apart or to-
gether. 17 This suggests a strong genetic
influence on basic neural circuitry.

Certain aspects of personality also
seem to be strongly influenced by genet-
ic factors. In a 1980 study of 7- to
lo-year-old twin pairs, Adam P. Math-
eny and Anne B. Dolan, Louisville Twin
Study, University of Louisville, Ken-
tucky, found significantly higher MZ
correlation than DZ correlation on tests
of emotionality, sociability, and activ-
ity. 18 Psychologists John C. Loehlin,
University of Texas, Austin, and Robert
C. Nichols, State University of New
York, Buffalo, found a strong genetic
contribution to various aspects of per-
sonality and measures of general ability
in teenagers. 19 Additional evidence
comes from studies of MZ twins reared
apart. According to psychologist Thom-
as J. Bouchard, University of Minneso-
ta, Minneapolis, MZ twins who were
reared apart are as similar in some per-
sonality traits as MZ twins reared
together.zo For example, he reported
that aggression, introversion and extro-
version, impulse control, and neuroti-
cism are significantly more similar in
both types of MZ than in DZ pairs.

Galton also noticed the similar per-
sonalities of like-sex twins. He noted
that these twins occasionally had similar
types of mental disorders.7 More recent
twin studies of mental illness suggest that
genetic factors play an important role.
One example is schizophrenia. Accord-
ing to Irving I. Gottesman, Department
of Psychiatry, Washington University,
St. Louis, Missouri, and James Shields,

then of the Institute of Psychiatry, Lon-
don, concordance for schizophrenia in
MZ twins is 46 percent while it is only 14
percent for DZ pairs.zl In her re-analysis
of several studies, psychologist Susan L.
Farber, then of New York University,
New York, reported 67 percent concor-
dance for MZ twins raised apart.zz Con-
cordant MZ twins also become schizo-
phrenic at similar ages. Although the
large dtiference between MZ and DZ
concordance figures provides strong
evidence for a genetic contribution, MZ
concordance is far less than 100 percent.
This indicates that schizophrenia is
probably due to a combination of envi-
ronmental and genetic factors. Howev-
er, Gottesman and Shields claim that
studies of discordant MZ pairs have not
provided evidence of a spec~lc environ-
mental factor. zl Also, David W. Fulker,
Institute for Behavioral Genetics,
University of Colorado, notes that the
provoking environmental circumstances
are probably highly specific to the in-
dividual.zs

Some of the most definitive results of
twin research have come from the study
of diabetes mellitus, a pancreatic disor-
der that affects carbohydrate metabo-
lism. There are two pathologically dis-
tinct types of diabetes: insulin-depen-
dent diabetes (IDD) and noninsulin-de-
pendent diabetes (NIDD). IDD general-
ly develops in childhood while NJDD
usually occurs in mid- or late-liie. The
fact that the occurrence of diabetes is
familial has long been known. However,
a 1981 study by A.H. Bamett and col-
leagues, Diabetic Clinic, Kings College
Hospital, London, found a little over 50
percent concordance for IDD in MZ
twins.z’t Thk seems to imply that, while
there is a genetic tendency to develop
the disease, IDD is not entirely of
genetic origin. Further support for this is
the fact that more discordant than con-
cordant twin pairs between the ages of
20 to 39 years were living apart at the
time of diagnosis.
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A study of the unaffected members of
MZ twin pairs may have provided a
marker for early diagnosis of the
prediabetic state in IDD. S, Srikanta and
colleagues, Department of Medicine,
Harvard Medical School, Boston, Mas-
sachusetts, periodically examined the
unaffected twin in 24 discordant MZ
pairs for 21 years. They found that these
patients began to produce antibodies to
the insulin-producing beta cells of the
pancreas several years prior to the onset
of IDD.ZS The antibody can be used as a
marker for the disease. In the future,
susceptible people may be identified
early enough to prevent diabetes.
Srikanta’s findings also suggest that IDD
develops slowly, rather than suddenly,
as researchers had previously thought.

Apparently there is a stronger genetic
component in maturity-onset NIDD
than in IDD. Of 53 NIDD twin pairs in
Barnett’s study, only 5 were discordant
for the disease. The interval between the
two diagnoses in concordant twins is also
short, averaging about five years. These
concordant twins had usually been living

aPart for many years and were often of
different weights. This suggests that en-
vironmental factors, such as obesity,
may be less important in NIDD than
previously thought.z~

Questions about possible environmen-
tal factors important to the etiology of
necrologic disorders such as multiple
sclerosis (MS) may also be answered by
long-term follow-up of discordant MZ
twins. MS is a degenerative disorder of
the central nervous system. Like IDD,
concordance rates for MS indicate that
factors other than genes contribute to
this disease. Neurologist Adrian Wil-
liams and colleagues, National Institute
of Neurological and Communicative
Disorders and Stroke (NINCDS), Be-
thesda, Maryland, reported concor-
dances of 20 to 40 percent in MZ pairs
and 15 percent in DZ twins.z~ Henry F.
McFarland and colleagues, also at
NINCDS, suggest that discordant twins
may also provide an opportunity to

evaluate various therapeutic approaches
to MS.2~ One approach, based on a hy-
pothesized immunological etiology, was
to treat the affected twin with lym-
phocytes from the unaffected twin.
However, this treatment had no long-
term effect .27

Several recent twin studies examined
the genetic contribution to risk factors
for heart disease. A 1981 collaborative
study between the Institute of Medical
Genetics, University of Oslo, Norway,
and the Department of Human Genet-
ics, Medical College of Virginia, Rich-
mond, reported by Kare Berg, Universi-
ty of Oslo, found an overall concor-
dance of 66 percent in MZ and 25 per-
cent in DZ twins for coronary heart dis-
ease. Studies of several serum lipopro-
teins associated with coronary artery
disease indicate a strong genetic influ-
ence.2u

Longevity and factors that contribute
to human life span are of increasing in-
terest to twin researchers. Twins provide
a living laboratory for studying the ge-
netics of biological time. In a 1981 study
of more than 2,(XX) twin pairs from the
Mormon genealogy born between 1800
and 1899, Dorit Carmelli and Sheree An-
dersen, Department of Medical Bio-
physics and Computing, lJniversity of
Utah, Salt Lake City, reported greater
similarity in life span in same-sex twins,
who may be MZ, than in opposite-sex
pairs, who must be DZ. Females had a
higher concordance rate than males.zg A
study of twins who served in World War
II, conducted by Zdenek Hrubec, then
of NAS-NRC, and geneticist James V.
Neel, [University of Michigan, Ann Ar-
bor, found greater concordance in MZ
than in DZ twins for death due to dis-
ease.~(1 However, their study group had
not reached old age, so much of the full
genetic effect could not be measured.
Luigi Gedda and Gianni Brenci, Gregor
Mendel Institute for Medical Genetics
and Twin Studies, concluded from their
research on the genetics of the human
life span that there is a basic, built-in
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genetic timetable.31 They discuss one
unusual example: 73-year-old MZ twins
who died of the same cause only 10 days
apart.sz Galton described a similar
case.T Undoubtedly, twin studies will
teach us more about the genetic compo-
nent of the human life span as the popu-
lations of the various twin registries
reach old age.

A large number of papers on twin re-
search is published each year. For exam-
ple, we accessed SCISEARCHm using
the word “twin” as a stem, which re-
trieves articles containing terms such as
“twin, “ “twins,” “twinning,” and so on.
We found 445 articles published in 1983
that contained such terms.

Some of the journals covered in Cur-
rent Contentsn (CLP ) and Science Cita-

tion Index” that publish papers on twins

are listed in Table 2. We selected for in-
clusion in the table those j oumals that
most frequently published articles on
twin research. The interdisciplinary na-
ture of twin research is indicated by the
wide range of disciplines represented in
the table. Also included in the table is
the 1983 impact factor for each journal.
Impact was calculated by dividing the
number of citations a journal’s 1981 and
1982 articles received in 1983 by the
number of articles it published in that
two-year period.

Although twin studies do not provide
a conclusive or definitive answer to the
nature vs. nurture question, they are
generally useful in providing a direction
for further research. For example, Wal-
ter E. Nance and colleagues, Depart-
ment of Human Genetics, Medical Col-
lege of Virginia, Richmond, note that by
extending twin studies to include fami-
lies of twins, more detailed information
can be obtained on the source of genetic
and environmental variation. ss As we

Table 2: Some of the main journals publishhg
research on iwins. The 1983 impact factor for
each has been listed.

[mp.set

Journal Factor

Acts Geneticae Medicae et Gemellologiae 0.4
Acts Obstetrician et Gynecological -

Scandinavia
American Journal of Human Genetics
American Journal of Medical Genetics
American Journal of Obstetrics and

Gynecology
American Journal of Psychiatry
Annals of Human Biology
Archives of General Psychiat~
Behavior Genetics
British Journal of Obstetrics and

Gynecology
British Journal of Psychiatry
Child Development
Clinical Genetics
Developmental Psychology
European loumal of Obstetrics,

Gynecology and Reproductive Biology
Fertility and Sterility
Human Genetics
Human Heredity
Obstetrics and Gynecology

0.6

4.0
1.6
1.9

3.2
0.6
6,1
I .3
1.5

2,4
1,6
1.2
1.7
0.3

2.4
2.0
0.7
1.7

have seen, most human traits and clini-
cal problems result from a combination
of genetic and environmental factors.
This brief survey of twin studies is by no
means exhaustive. For reasons of space,
I cannot review all the areas that use
twins in research. However, by high-
lighting some of the significant twin
studies, we realize the impact they have
made on our understanding of behavior-
al genetics and some clinical problems.
It would appear some of the folklore
about twins is in fact confirmed by sci-
ence. But clearly there is a great deal
more to be learned from this exciting
area of research.

*****

My thanks to Tern” Freedman and

Linda LaRue for their help in the
prepare tion of this essay. 6519a4 ,s,
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