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Kin recogni tion by ol factory
cues: What can twins tel l  us?

In 1875, Si r Francis Gal ton al leged
that ‘It would be an interesting experi -
ment for tw ins who were closely al ike,
to try how far dogs could distinguish
between them by scent’.

1
Gal ton never

tried this experiment, but later inves-
tigators have pursued this l ine of
inqui ry in fascinating and informative
ways. Unfortunately 80 years passed
before H Kalmus, of the Gal ton Labo-
ratory in London, picked up where
Gal ton left off. Kalmus began wi th an
intriguing anecdote.

2
A nearly bl ind,

not very friendly great dane named
Si lvia was especial ly fond of a partic-
ular prospector in the camp where she
resided. When a newcomer arrived,
Si lvia displayed unusual  affection
toward this individual . It turned out
that he was the identical  tw in of the
favoured prospector, raising the possi -
bi l i ty that the dog had reacted to the
MZ twins’ simi lar body odours, prod-
ucts of the chemical  simi lari ties in
thei r sweat.

Kalmus was the first to undertake a
series of retrieval  and tracking studies
testing canine recogni tion of MZ twins
by means of ol factory cues. His work is
wel l  worth a second look, not only
because i t led to further studies, but
because i t may encourage addi tional
innovative efforts by current
investigators.

Kalmus first establ ished that dogs
could match the odour of a given
individual  by selecting the correct
handkerchief, from an array, when i ts
scent corresponded to that of a target
handkerchief (retrieval  studies). He
also determined that dogs could fol -
low the path of an individual  after
encountering his or her handkerchief
in a field, and avoid the path of a
di fferent individual  (tracking studies).
Participants included three MZ female
pai rs and one MZ male pai r. Zygosi ty
was determined by blood group analy-
sis. In the first retrieval  study a dog,
Chloe, correctly matched a twin’s
hand scent to this individual ’s hand-
kerchief. However, when the co-twin’s
handkerchief was substi tuted in the
array (which included the twin’s non-
twin sister, her father and unrelated
participants), the dog chose i t. Most

interesting, when both twins’ hand-
kerchiefs were avai lable, the dog
retrieved whichever one was encoun-
tered first, after which the co-twin’s
handkerchief was selected. In this
second context, the dog showed no
apparent preference for ei ther tw in.

Kalmus’ second set of studies
yielded di fferent resul ts: dogs could
distinguish between the odours of
co-twins from two MZ twin pai rs, one
male and one female, in a tracking
task. Specifical ly, when the odours of
both twins were present simul tane-
ously, the dog fol lowed the one match-
ing that of the garment presented
ini tial ly. Despi te these interesting
findings, 33 years passed before the
question of whether odour di fferences
arising from envi ronmental  sources
may have affected the dogs’ discrim-
ination of co-twins in the tracking
task.

In 1998, Peter G Hepper, of the
Psychology Department of Queen’s
Universi ty, Bel fast, brought together
infant tw ins and dogs in a trio of
studies aimed to disentangle genetic
and envi ronmental  effects on body
odours.

3
In experiment 1, participants

were 10 DZ male twin pai rs aged 2–3
months. A l l  tw ins were l iving together
and were fed identical  diets. Each
infant wore a whi te t-shi rt for a
24-hour period that was then stored in
a sealed plastic bag for later use. Four
dogs could distinguish between
co-twins, impl icating genetic factors
in body odour. In experiment 2, partic-
ipants were 10 male MZ twin pai rs
between 34 and 50 years of age. A l l
tw ins were l iving apart, were married,
and ate di fferent diets. Dogs correctly
discriminated between co-twins,
based on the odors of thei r garments,
but experienced greater di fficul ty in
making these discriminations than
those in the first experiment. Thus,
despi te the genetic identi ty of the
individuals, envi ronmental  di ffer-
ences al lowed the twins to be di ffer-
entiated by ol factory cues. The possi -
bi l i ty that transient household odours
faci l i tated these discriminations was,
however, not substantiated. In experi -
ment 3, participants were 10 sets of
identical  male twins aged 2–3 months.
Again, al l  tw ins were l iving together
and were fed identical  diets. Dogs

were unable to distinguish between
co-twins, showing that both genes and
envi ronments affect body odour, and
that when both are held constant,
individual  tw ins’ body odours are not
identifiable.

Can humans discriminate between
MZ and DZ co-twins using simi lar
methods? A twin-based approach to
kin recogni tion by ol factory cues has
emerged only recently. This may be
explained by increased interest in evo-
lutionary perspectives on human
behaviour, mounting evidence that
both human and non-human relatives
can discriminate kin from non-kin by
ol factory means, and greater apprecia-
tion for what tw in studies reveal  about
behavioural  processes.

In 1987, Richard H Porter, currently
of the Laboratoi re de Comportment
Animal , in Nouzi l ly, France, proposed
that ‘humans actual ly have geneti -
cal ly-determined biochemical  “ finger-
prints”  that serve as a basis for indi -
vidual  odours … one would expect a
correlation between genetic simi lari ty
and odour simi lari ty’ (p 195).

4
For

example, researchers showed that
adul ts distinguished between the
odours of garments worn by sibl ings
from whom they had been separated
for 1–30 months, and age and sex
matched stranger.

5
A twin-based

approach to this issue would seem
informative, but only a single study
had been conducted prior to 1980. In
1977, Patricia Wal lace, of the Psychol -
ogy Department at Clarion State Col -
lege in Clarion, Pennsylvania, sub-
jected 16 female observers to the palm
odours of a pai r of MZ female co-twins
on the same diet, a pai r of MZ female
co-twins on di fferent diets and a pai r
of unrelated females, al l  adul ts.

6

Observers could more effectively dis-
tinguish between the unrelated
females than between the twins. They
could, however, more easi ly di ffer-
entiate between the co-twins on di ffer-
ent diets than between the co-twins on
simi lar diets. These resul ts are con-
sistent wi th those of Hepper showing
that both genes and envi ronments
affect body odour, and that judges can
perceive ol factory di fferences among
people.

I searched the psychological  and
medical  l i terature for addi tional
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human twin studies along these l ines,
but none had been conducted.
(Human kin recogni tion studies using
non-twin relatives have been per-
formed and an extensive review is
avai lable.

7
) I was curious to know i f

the odours of T-shi rts worn by MZ
twins were less easi ly distinguishable
than those of DZ twins. My former
students, Michel le Grimes-Hi l lman
and Tari  D Topolski  contributed to this
effort.

8
T-shi rts were worn for three

consecutive nights by members of 21
MZ twin pai rs and 16 DZ twin pai rs.
Participants ranged in age from 10.6 to
25.8 years, and zygosi ty was deter-
mined by blood-typing or by physical
resemblance questionnai re. Eleven
judges sni ffed T-shi rts to identi fy the
garment worn by a ‘relative’ from
among a group of three T-shi rts, which
included the co-twin’s T-shi rt and the
T-shi rts of two unrelated twins,
matched for sex. Contrary to predic-
tion, the proportion of correct identi -
fications for MZ twins did not sig-
nificantly exceed that for DZ twins.
The lack of both genetic relatedness
and social  fami l iari ty between twins
and judges may explain the findings –
most human studies in this area have
used genetical ly related subjects and
assessors.

There is yet another crucial  tw in
study wai ting to be conducted: ol fac-
tory identification of MZ and DZ twins
by their co-twins. Recal l  that interest
in the bases of human kin recogni tion
is traceable, in part, to Hami l ton’s
(1964) theory of kin selection.

9
Hami l -

ton asserted that natural  selection
favours behaviour that reduces the
reproductive fi tness of organisms i f
the behaviour enhances the fi tness of
organisms who are genetical ly related.
This reasoning impl ies that mecha-
nisms exist that assist recogni tion of
closely related kin, as wel l  as discrim-
ination between kin and non-kin. Ani -
mal  research includes an extensive
series of studies showing recogni tion
of conspecifics, and communication of
characteristics such as sex, and social
and reproductive status.

10
The possi -

bi l i ty that humans may possess such
capabi l i ties has exci ted researchers for
some time because i t suggests that
attraction and recogni tion may be
partly influenced by ol factory cues,
even i f less effectively than by audi -
tory or visual  means.

6

A study of ol factory recogni tion of
twins by thei r co-twins could organise

twins according to simi lari ty in diet
and l iving status (apart vs together).
Twin-fami ly arrangements, involving
married MZ and DZ twins, thei r
spouses and chi ldren, would al low
addi tional  tests of genetic and envi -
ronmental  effects. In this design, i t
could be determined i f tw in parents
were more sensi tive to the odours of
thei r own chi ldren (wi th whom they
share both genes and envi ronments)
than to thei r co-twin's chi ldren (wi th
whom they share only genes). The
addi tion of tw ins reared apart from
birth would be especial ly reveal ing in
this regard: More successful  identifica-
tion of co-twins’ odours by recently
reuni ted MZ than DZ twins would
furnish compel l ing evidence of
human abi l i ty to recognise relatives by
ol factory means. James A Gal l  and Dr
Glenn Weisfeld, of Wayne State Uni -
versi ty in Detroi t, have suggested add-
ing hal f-sibl ings and step-sibl ings to
these research studies for informative
contrasts wi th twins and ful l
sibl ings.

11

Medical  repor ts and more

Conjoined twins: di fferential  energy
metabol ism

There is a common expectation that
conjoined twins (bel ieved to resul t
from delayed zygotic division) should
be unusual ly simi lar, given thei r phys-
ical  connectedness as wel l  as thei r
genetic identi ty. Medical  and psycho-
logical  profi les of these unusual  cases,
which occur in approximately 1/200
MZ twin bi rths, indicate otherwise. In
fact, as is true of ordinary MZ twins,
the behavioural  and physical  varia-
tions wi thin these pai rs are compel -
l ing examples of how early envi ron-
mental  events can induce divergent
development. A new study by Dr Mark
Powis and col leagues in Great Bri tain
is an informative addi tion to knowl-
edge in this area.

12

The twins under study were thor-
acopagus females, aged 2 months.
Thoracopagus twins share part of the
chest wal l  and usual ly experience
chest and upper abdominal  abnor-
mal i ties. They represent the most
common form of conjoined twinning,
occurring in about 40% of cases. The
larger, heavier tw in of the pai r in this
study appeared to grow at a faster rate
than her smal ler co-twin even though
the smal ler tw in fed better. For exam-

ple, the smal ler tw in (3.40 kg) con-
sumed 610 ml  of formula, as compared
wi th her co-twin (4.74 kg) who con-
sumed 410 ml . It was suspected that
the smal ler tw in was supplying nutri -
ents to her co-twin through thei r
shared l iver. This idea led the inves-
tigators to compare energy expendi -
ture in the twins prior to surgical
separation (at 73 days) and fol lowing
separation (at 97 days); separation
took place at 85 days.

17

In both twins, resting energy, whole-
body oxygen consumption and carbon
dioxide production increased fol low-
ing separation, but co-twin di fferences
narrowed. Resting energy expendi ture
(and substrate uti l isation) did not di f-
fer significantly for the smal ler tw in
between study periods, al though the
larger twin showed a substantial
increase. Post-separation weights were
3.71 kg for the smal ler tw in and 4.08
kg for the larger twin. This study is the
first to demonstrate conjoined co-twin
di fferences in rates of energy metabo-
l ism prior to separation. This work
may help to explain previously
observed di fferences in size and appe-
ti te between twins who fai l  to separate
ful ly.

Improving pregnancy outcome when
one twin foetus is malformed

Mul ti foetal  pregnancy reduction
(MPR) is sometimes performed to
enhance the survival  chances of two or
three remaining foetuses. This proce-
dure, which involves injecting potas-
sium chloride into the chest cavi ty to
disrupt cardiac function, typical ly
takes place at 9–11 weeks’ gestation.
Of course, MPR poses di fficul t emo-
tional  hardships for expectant parents.
It can also pose serious physical  risks
for surviving foetuses, including pre-
mature del ivery or damage. Given
ethical  issues surrounding MPR dur-
ing later stages of pregnancy, only a
handful  of reports concerning delayed
(24–34 weeks) selective foeticide of a
mal formed twin have appeared. These
studies, conducted at various medical
faci l i ties, have reported favorable pre-
natal  outcomes for heal thy surviving
co-twins. A more recent study in this
series presented findings from 23 con-
secutive foeticide procedures involv-
ing twins discordant for a major mal -
formation. This work, conducted by
Dr Josef Shelev and col leagues in
Israel , was undertaken by request of
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the fami l ies and wi th consent from the
insti tutional  approval  committee.

13

Foetal  genetic or structural  abnor-
mal i ties were detected in 23 pregnan-
cies at 18–24 weeks’ gestation, and
MPR was undertaken at 28–33 weeks.
Pregnancies were uneventful  fol low-
ing the procedure. Del ivery occurred
4–11 weeks later; in 13 cases del ivery
took place at 35–37 weeks and in 10
cases del ivery took place at term. A l l
newborn twins received betametha-
sone at 26–29 weeks to enhance thei r
lung development. The bi rth weights
of surviving twins exceeded 2000 g,
and thei r survival  chances were con-
sidered excel lent. The investigators
concluded that postponing MPR unti l
the beginning of the thi rd trimester
can improve survival  outcomes of
heal thy twins. They urge i ts appl ica-
tion at about 30 weeks, given the
possibi l i ty of preterm labour, as wel l
as ethical  issues surrounding delayed
foetal  reduction.

Co-bedding twins: need for further
research

Co-bedding refers to the placement of
infant tw ins in a common incubator or
crib. It is a concept that is being
increasingly explored in an effort to
provide optimal  care for newborn
twins. Potential  benefits include a
more stimulating envi ronment for
each twin that wi l l  foster thei r growth
and development. It is thought that
parents acqui re a greater sense of
control  i f al lowed to decide on this
aspect of thei r tw ins’ care. Possible
hazards to co-bedded twins include
administering medications or inter-
ventions to one twin that were
intended for the co-twin. Risks of
infection or disturbed sleep are also
elevated when twins are placed
together. Issues surrounding the
co-bedding of tw ins and proposed
guidel ines are further described by
Kathy Del laPorta, RNC and
col leagues.14

Unti l  systematic research on
co-bedding twins is undertaken, i t
seems that decisions should be taken
on a case-by-case basis.

15
Judgments

wi l l , of course, rest partly on whether
hospi tals have sufficient staff and
other resources to permi t this partic-
ular arrangement. Interestingly, surgi -
cal  separation of conjoined twins prior
to thei r awareness of being twins is
recommended for fostering thei r psy-

chological  wel l -being. (The age and
manner in which twins first acqui re
knowledge of thei r tw inship is, how-
ever, uncertain.) Fol lowing surgery,
formerly conjoined twins are often
kept in close proximi ty, sometimes
assisted by mirrors.

16
The benefits of

such procedures are assumed, but are
untested, probably due to the variable
medical  ci rcumstances of each surgi -
cal ly separated pai r.

Environmental influence on H. pylori
infection

Co-twin control  designs can be effec-
tive ways of investigating envi ron-
mental  influences on behavioural  and
medical  trai ts. Hel icobacter pylori
infection is a bacterium found in the
stomach wi thin the mucous layer. It is
the most common bacterial  infection
found in humans – i t is pervasive in
the Thi rd World and present in
approximately one-thi rd of the Uni ted
States population.

17
It is also present

in 90% of individuals affected wi th
duodenal  ulcers and 70% of individ-
uals affected wi th gastric ulcers. (The
infection can be el iminated by various
antibiotics, such as tetracycl ine and
metronidazole, thus heal ing the
ulcers.) An association between H.
pylori infection and stomach cancer
has also been reported. Prevalence of
H. pylori infection is also known to be
higher among members of lower
income, lower education and lower
social  class groups.

Using a natural  co-twin control
design, Hoda M Malaty of Houston’s
Veterans Affai rs Medical  Center and
col leagues at the Karol inksa Insti tute
in Sweden, assessed envi ronmental
and dietary effects on H. pylori infec-
tion.

18
Research participants were

monozygotic (MZ) twins reared
together and apart who were regis-
tered in the Swedish Adoption/Twin
Study of Aging (SATSA). Fi rst, i t was
establ ished that various envi ron-
mental  measures (crowded l iving con-
di tions in chi ldhood, parental  educa-
tional /occupational  status and
chi ldhood economic status) were asso-
ciated wi th infection. Next, pai red
comparisons of infection discordant
twins revealed significant associations
in twins reared apart, but not in tw ins
reared together. Specifical ly, chi ld-
hood l iving condi tions and economic
status were less favourable for infected
reared-apart tw ins, compared wi th

thei r non-infected co-twins. This find-
ing thus identifies chi ldhood as a risk
period for acqui ring H. pylori infec-
tion. Person-to-person transmission is
suggested in view of the infection’s
association wi th crowded l iving con-
di tions. Contrary to previous research
findings, ascorbic acid consumption
was higher among infected reared-
apart tw ins than thei r non-infected
co-twins.

Triplet pandas born in captivi ty

A trio of giant pandas was born in
captivi ty on 18 August 1999 at the
Chengdu Giant Panda Breeding Cen-
ter, in southwest China.

19
This was the

first time such an unusual  bi rth had
taken place. Each triplet was in good
condi tion, weighing 140 g (4.9 oz) –
panda cubs typical ly weigh 3.0 to 4.5
oz. This conception resul ted from arti -
ficial  insemination in the previous
May.

Twin bi rths are not unusual  in the
Giant Panda. Fol lowing ferti l i sation,
the zygote undergoes delayed implan-
tation and division, floating freely
wi thin the uterus, for several  months.
Fol lowing attachment of embryos to
the uterine wal l , gestation lasts for 8
months unti l  del ivery of one or two
cubs.

20
The zygosi ty of the new trip-

lets was not reported.

Twins born apar t and together

Born apart: are they real ly twins?

We are hearing more about tw ins born
on di fferent dates. In August 1999 an
Ital ian mother del ivered her second
twin daughter 18 days after the bi rth of
the infant’ tw in sister at 23 weeks.

21

This was the first time that Ital ian
obstetricians had succeeded in keep-
ing one twin in the uterus fol lowing
the premature bi rth of the first. This
was accompl ished by administering
large doses of drugs to prevent infec-
tion after the first placenta and part of
the umbi l ical  cord were left in place
fol lowing the first del ivery.

Other del iveries featuring separate
bi rths chal lenge tradi tional  notions
and defini tions of tw inship. A 38-year-
old Cal i fornian woman experienced
three unsuccessful  attempts at preg-
nancy via in vi tro ferti l i sation.

22
It was

determined that her endometrium
(uterine l ining) was too thin to sustain
a pregnancy. An unexpected solution
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came in the form of an offer from her
younger sister to carry the baby in her
place. Eighteen eggs were extracted
from the patient and ferti l i sed wi th
her husband’s sperm. In addi tion to
implanting three embryos in the sis-
ter’s uterus, the physician decided to
implant several  embryos in the infer-
ti le woman’s uterus, as wel l  – two
weeks earl ier he had prescribed aspi -
rin, a treatment that elevates blood
flow and possibly the chances for
pregnancy. Both women became preg-
nant, del ivering heal thy male infants
16 days apart. The chi ldren have been
cal led ‘tw ins’ in the popular press and
wi l l  be raised as such. However, some
detai ls of thei r earl iest beginnings
depart from the strictest defini tions of
twinship.

In my recent book, Entwined Lives, I
developed cri teria for tw inship: simul -
taneous conception, common parents,
shared intrauterine envi ronment and
concurrent bi rth.

7
I did point out that

some natural  tw inning events, eg
superfoetation (in which fraternal
twins are conceived at di fferent times,
occasional ly by di fferent fathers) and
premature bi rth of one twin (as hap-
pened in Italy, see above) would not
deny twinship status to the individ-
uals involved. The infants in the pre-
sent case did not share intrauterine
envi ronments, nor dates of bi rth,
because of the reproductive tech-
niques that created them. Further-
more, a range of maternal  factors,
including diet, exercise, medications
and stress can affect foetal  develop-
ment, so (unl ike twins) chi ldren born
to di fferent women would be exposed
to di fferent prenatal  factors. (Of
course, prenatal  factors are not equiva-
lent for tw ins, but for other reasons,
such as foetal  crowding or tw in–
to–twin transfusion. These are events
to which separately gestated sibl ings
would not be subject.) I would argue
that the chi ldren in this case are ‘tw in-
l ike’, but not tw ins. In view of the
many new sibships created by assisted
reproductive technologies i t may be
worth developing new terms to appro-
priately refer to such bi rths. Research-
ers also need to consider whether they
would pool  such cases together wi th
ordinary fraternal  tw in samples.

In Entwined Lives, I ci te the exam-
ple of identical  tw ins married to iden-
tical  tw ins whose chi ldren were born
wi thin one hour of each other. The
intrauterine envi ronments of these

women were surely more simi lar than
those of the women who del ivered the
Cal i fornia infants. In fact, in addi tion
to being cousins, the unique ci rcum-
stances of these chi ldren’s bi rths ren-
dered them genetical ly equivalent to
fraternal  tw ins. However, such chi l -
dren, would not be considered twins
because they were conceived by di ffer-
ent couples and gestated in separate
wombs.

Twin Fal ls Idaho: conjoined twins
revisi ted

A recently released fi lm, Twin Fal ls
Idaho, features identical  tw ins, Mark
and Michael  Pol ish, who were also the
wri ters and producers.

23
It is a capti -

vating story of conjoined twins
(played by the Pol ish brothers) whose
behavioural  di fferences and interde-
pendencies are accentuated when a
young woman enters thei r l ives. The
most rewarding aspect of this fi lm is
that the twins’ humani ty is revealed
throughout, touching upon themes of
psychological  connectedness and sep-
aration that are universal .

The embryological  bases of con-
joined twinning are not wel l  under-
stood, but delayed zygotic spl i tting
(fission hypothesis) is the most widely
accepted model . The partial  joining of
separate embryos (19th century fusion
hypothesis) is no longer a widely
acknowledged explanation.

7
As early

as 1923, Professor Horatio Newman
observed that the body symmetry of
many conjoined twins rendered the
fusion hypothesis unl ikely.

24
Dr Row-

ena Spencer, former Professor of Sur-
gery at Tulane Universi ty School  of
Medicine, in New Orleans, has revis-
i ted this controversy.

25
Based on a

review of over 1200 cases, she argues
for the existence of rachipagus con-
joined twins, in which partners are
attached dorsal ly in the vertebral  col -
umn. She proposes that they origi -
nated from two embryonic disks si tu-
ated on opposi te sides of a single
amniotic cavi ty. Her interpretation
wi l l  undoubtedly revive interest in
events underlying conjoined
twinning.

Tribute to Chang and Eng

Conjoined twins, Chang and Eng Bun-
ker, joined at the chest, were born on
11 March 1811 in Siam (now Thai -
land).

26
They left thei r home at age 17,

heading for the Uni ted States wi th two
Bri tish businessmen who involved
them in ci rcus exhibi tions and other
performances. The twins eventual ly
left the ci rcus and moved to North
Carol ina where they bought farms,
married sisters and raised 21 chi ldren
between them. They died only two
hours apart on 17 January 1874.

On 13 August 1999, the twins’
hometown of Samut Songkhram
unvei led a commemorative statue in
thei r honour. The twins, who have
been so famous around the world,
have been relatively unfami l iar to resi -
dents of thei r native land. A museum
dedicated to Chang and Eng may soon
fol low.

Paral lel  l ives

Events in the l ives of 67-year-old
identical  tw ins, Richard and Robert
Tenniswood, reveal  the scientific side
of some identical  tw ins’ striking medi -
cal  simi lari ties. One twin experienced
severe chest pains, later diagnosed as a
heart attack. Whi le recovering in the
hospi tal , his tw in brother appeared for
treatment of the same symptoms.

27

Identical  tw ins’ genetical ly-based,
coordinated expression of behavioural
and physical  trai ts is often misinter-
preted as a parapsychological  phe-
nomenon or ‘uncanny coincidence’.
There is considerable scientific evi -
dence to refute this notion.

Si r Francis Gal ton (1875) was
among the first to recognise that iden-
tical  tw ins often show synchrony in
the timing and expression of beha-
vioral  and medical  characteristics,
associated wi th thei r shared heredi ty.

1

‘We are too apt to look upon i l lness
and death as capricious events, and
there are some who ascribe them to the
di rect effect of supernatural  interfer-
ence, whereas the fact of the maladies
of two twins being continual ly al ike,
shows that i l lness and death are neces-
sary incidents in a regular sequence of
consti tutional  changes at bi rth, upon
which external  ci rcumstances have,
on the whole, very smal l  effect…
When the hands approach the hour
mark, there are sudden cl icks, fol -
lowed by a whi rring of wheels; the
moment that they touch i t, the strokes
fal l…’ (p. 403). This body of observa-
tions is now a subject for serious
study, defining the discipl ine of
chronogenetics.

News, Views and Comments

296

https://doi.org/10.1375/twin.2.4.293 Published online by Cambridge University Press

https://doi.org/10.1375/twin.2.4.293


I recently encountered another com-
pel l ing example involving twins’ coor-
dinated expression of physical  symp-
toms. The twins in question were
32-year-old MZ females, L and J. (L is
a student at my universi ty and shared
her informative medical  history wi th
me.) I determined that the twins were
MZ based on L’s responses to a stan-
dard physical  resemblance question-
nai re

28
and inspection of photographs

taken of the twins at di fferent ages.) In
the early 1990s, both twins experi -
enced severe headaches, blurred
vision and physical  imbalance whi le
l iving hundreds of mi les apart from
one another. L attributed these events
to a sports accident in which she had
been hi t in the back of a head wi th a
basebal l . However, J experienced sim-
i lar symptoms one year later, casting
doubt on L’s sports accident as a cause
of her complaints. (J had suffered from
headaches in her teenage years, but
they were not serious.) Both twins
were examined by di fferent physi -
cians who both prescribed anti -
depressant medication for thei r
patients.

Final ly, in 1993, J received a new
diagnosis: Arnold-Chiari  mal forma-
tion (ACM). L then consul ted several
neurologists who concurred. ACM
involves distortion at the base of the
skul l  w i th protrusion of the lower
brainstem and portions of the cer-
ebel lum protruding through the open-
ing for the spinal  column at the base of
the skul l .

29
The adul t form, known as

Type I, typical ly occurs in women
during early adul thood, but may be
asymptomatic unti l  middle or late
adul thood. Type II is present at bi rth
and occurs more commonly, in
approximately 1/1000 bi rths. Li fe-
threatening symptoms appear in
chi ldhood.

30
ACM was first described

in infants by Cleland in 1883.
31

His
report was fol lowed by accounts of
Type I and Type II by Chiari  in 1891
who seemed unaware of Cleland’s
work. Three years later, Arnold
described the mal formation in a new-
born infant. Two of Arnold’s students
furthered his efforts, revising the
defining features of the di fferent types.
Inconsistencies in current terminology
exist today.

L and J have successful ly undergone
the same surgical  correction, which
involved a craniotomy (removal  of
part of the skul l ) and insertion of a
dura patch to accommodate any bui ld-

up of fluid. L’s symptoms have vi r-
tual ly disappeared, but her tw in expe-
riences continued pain and l imb
numbness. The presence of this rare
disorder in MZ twins suggests a
genetic component; the twins’ mother
also suffers from migraine. Addi tional
information about the Arnold-Chiari
mal formation can be found at the
ACM websi te: www.pressenter.com/
~ wacma/ .
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Aging and memory decl ine

Is the speed of memory decl ine during l i fe,
and especial ly in old age, a genetic fate or
are there envi ronmental  and l i fe style con-
di tions that affect the pace of deterioration
of this important intel lectual  facul ty? This
question was addressed by a group of
Cal i fornian investigators

1
in a sample of 94

MZ and 89 DZ male World War II veteran
twins, aged about 72 years on average. The
so-cal led Cal i fornia Verbal  Learning Test
(CVLT) was administered to al l  tw ins. This
mul tiple trial  recal l  and recogni tion word-
l ist learning test measures four mnemistic
characteristics: verbal  learning and mem-
ory, response discrimination, learning
strategy, and recogni tion memory. The
intraclass correlation was significantly
larger in MZ twins than in DZ twins for
verbal  learning and memory but not for the
three other components of memory. Using a
best-fi tting maximum l ikel ihood model ,
the investigators could estimate the con-
tribution of addi tive genetic factors to
verbal  learning and memory to be about
56% and that of non-shared envi ronmental
influences 44%, impl ici tly indicating the
absence of shared envi ronmental  effects.
Recogni tion memory is completely or pre-
dominantly determined by non-shared
envi ronmental  influences, whereas
response discrimination and learning strat-
egy seem to be under non-shared and same
shared envi ronmental  control . These out-
comes suggest important interventional
possibi l i ties for recogni tion memory, learn-
ing strategy and response discrimination in
particular.
Authors hypothesise that the genetic vari -
ance for learning and memory could be
l inked to the APO E4 gene on chromosome
19q13.2, the E4-al lele being a substantial
risk-enhancer for A lzheimer’s disease.

Foetal  or igins of pathology r isk
factors

There is substantial , though not uncon-
tradicted,

2
evidence that condi tions in the

womb may be at the base of the develop-
ment of disease in adul t l i fe. A major part
of the research l i fe of UK epidemiologist
David Barker has been devoted to that
association.

3,4
Low bi rth weight, for exam-

ple, is a predisposing condi tion for higher
blood pressure in chi ldren and adul ts,
supposedly caused by relatively poor nutri -
tional  ci rcumstances during pregnancy.
When this is true, say Shei la Wi l l iams and
Richie Poul ton from the Universi ty of
Otago in New Zealand,

5
then one may

expect that chi ldren wi th low bi rth weight

in general , tw ins (weighing about 1000
grams less than singletons) and chi ldren
from smoking mothers (being about 200
grams less than those of non-smoking
mothers) have higher blood pressure in
later l i fe compared wi th chi ldren of normal
bi rth weight, non-twins, and chi ldren of
non-smoking mothers. These hypotheses
were tested in a cohort of 1037 chi ldren
born between Apri l  1972 and Apri l  1973 in
two ci ties (Dunedin and Otago, New
Zealand).
The investigators found that, contrary to
expectation, systol ic blood pressure in sin-
gletons was significantly elevated wi th
about 4 mm Hg (both at age 9 and age 18
years) compared wi th that of tw ins. Blood
pressure in chi ldren whose mothers had
smoked during pregnancy was 1.54 mg Hg
higher than that in chi ldren from non-
smoking mothers. The total  effect of bi rth
weight appeared to be rather smal l  but in
the predicted di rection (–0.78 mm Hg).
There were no effects on diastol ic blood
pressure.
The twin–singleton di fference is at odds
wi th the foetal  origin hypothesis but the
maternal  smoking effect confirmed the the-
ory. These outcomes could be an indication
that growth retardation that is caused by
poor nutri tion (such as may be the case
when the mother smokes) should be distin-
guished from growth retardation that
emerges from shorter gestation. Since bi rth
weight discordancy in MZ twin pai rs can
only be ascribed to di fferences in access to
nutri tional  resources and not to gestational
age (which is per defini tion equal ), one has
an instrument to test this speculation.

Why do people di ffer  in what
and how much they eat?

What is the relative influence of genetic
and envi ronmental  factors on habi tual  eat-
ing patterns? The answer to that question is
important for both cl inicians and research-
ers. Investigators from Richmond and Bos-
ton (USA)

6
have tried to give the answer by

having 4640 male and female middle aged
and elderly MZ and DZ twins fi l l  out the so
cal led National  Cancer Insti tute food-fre-
quency questionnai re. The researchers
could distinguish two di fferent eating pat-
terns: 1. high in fat, sal t and sugar, and 2.
heal thful  eating habi ts. An average 16 to
17% of the variance in pattern 1 could be
ascribed to genetic factors, whereas 36% of
the variance in pattern 2 had a genetic
basis. More than 60% of the individual
di fferences in eating habi ts had to be
ascribed to envi ronmental  condi tions, most
l ikely several  types of social  ci rcum-
stances. This impl ies that there are con-
siderable interventional  possibi l i ties.

Loss of bone because of
immobi l isation

One interesting methodological  use of
twins is comparing one MZ twin (being
treated or being in a specific condi tion)
wi th his or her co-twin as a control . This
method was used by US investigators

7
who

were interested in the effects of forced
immobi l isation on the speed of bone loss.
They studied eight pai rs of adul t MZ twins,
one of each pai r having chronic spinal  cord
injury (SCI) which forced them to immobi -
l isation. Bone mineral  content (BMC) and
bone mineral  densi ty (BMD) were meas-
ured in al l  tw ins. As expected, both BMC
and BMD were significantly reduced in SCI
twins. The duration of SCI was l inearly
associated wi th BMC and BMD. There is
thus a continuous decrease in bone mass as
long as immobi l isation lasts. Age as such
did not modulate this fal l  in bone mass
(al though one may be sceptical  about the
power of statistics that test this latter effect,
JFO). The effects were strongest for pelvic
and leg bone mass.

References

1 Swan GE, Reed T, Jack LM et al . Di ffer-
ential  genetic influence for components
of memory in aging adul t tw ins. Arch
Neurol 1999; 56: 1127–1132.

2 Matthes JWA, Lewis PA, Davies DP,
Bethel  JA. Relation between bi rth weight
at term and systol ic blood pressure in
adolescence. BMJ 1994; 308:
1074–1077.

3 Barker DJP (ed.). Fetal and Infant Origins
of Adult Disease. BMJ: London, 1992.

4 Barker DJP. Mothers, Babies, and Disease
in Later Li fe. BMJ: London, 1994.

5 Wi l l iams S, Poul ton R. Twins and mater-
nal  smoking: ordeals for the fetal  origins
hypothesis? A cohort study. BMJ 1999;
318: 897–901.

6 Van den Bree MB, Eaves LJ, Dwyer JT.
Genetic and envi ronmental  influences
on eating patterns of tw ins aged > / = 50
y. Am J Cl in Nutr 1999; 70: 456–465.

7 Bauman WA, Spungen AM, Pierson RN
Jr, Schwartz E. Continuous loss of bone
during chronic immobi l ization: A mono-
zygotic tw in study. Osteoporosis Int
1999; 10: 123–127.

Jacob F. Orlebeke
Vri je Universi tei t,

Department of Biological  Psychology,
Amsterdam, Netherlands

News, Views and Comments

298

https://doi.org/10.1375/twin.2.4.293 Published online by Cambridge University Press

https://doi.org/10.1375/twin.2.4.293

