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At least two twin registr ies in the Uni ted States have been or  are being assembled using the
simi lar i ty of Social  Secur i ty Numbers in computer ized records to help identi fy possible twin pai rs.
Whi le the success of such enterpr ises depends di rectly on a high probabi l i ty of tw inness given
Social  Secur i ty Numbers, there are theoretical  and practical  reasons to study the probabi l i ty of
Social  Secur i ty Number  simi lar i ty given twinness. For  example, the number  of tw in pai rs wi th
simi lar  Social  Secur i ty Numbers obviously determines the maximum number  of tw in pai rs that
can be discovered by simi lar i ty algor i thms. To study this issue, we examined the simi lar i ty of
known Social  Secur i ty Numbers in twin pai rs from the Vi rginia Twin Registry by age, sex, race,
and zygosi ty of the pai r. We found that simi lar i ty between the Social  Secur i ty Numbers of tw in
pai rs var ies markedly by age, and MZ twin pai rs have significantly more simi lar  Social  Secur i ty
Numbers than DZ pai rs at al l  ages. Among older  tw ins, there are also significant di fferences by sex
and race. For  younger  twins, algor i thms that identi fy putative twin pai rs on the basis of the
simi lar i ty of thei r  Social  Secur i ty Numbers hold the promise of being able to identi fy a large
propor tion of al l  true twin pai rs. Such algor i thms wi l l  be substantial ly less successful , however, in
identi fying a large propor tion of older  tw in pai rs.
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Introduction

A recent methodological  article on identi fying eld-
erly tw ins in the Uni ted States

1
examined the use of

record l inkage algori thms to identi fy putative twin
pai rs from Medicare records. Mai l ings were then
made to the members of these putative pai rs to
confirm whether the subjects were indeed twins. The
record l inkage algori thms rel ied heavi ly on sim-
i lari ty of Social  Securi ty Numbers (SSNs), and the
investigators found that the more simi lar the SSNs
for a given pai r, the more l ikely the pai r members
were to be twins. At least one other twin registry, the
Vietnam Veteran Twin Registry, was assembled along
simi lar l ines.

2,3

In this paper, we examine this issue from the
opposi te perspective by investigating the simi lari ty
of SSNs among known true pai rs. This issue is of
practical  import because, obviously, the number of
twin pai rs wi th simi lar SSNs determines the max-
imum number of tw in pai rs that can be discovered
by SSN simi lari ty. If, for example, i t turns out that
the number of tw in pai rs identifiable by SSN

simi lari ty is smal l  relative to the total  number of
twin pai rs, then a twin panel  assembled on the basis
of SSN simi lari ty is clearly at risk of being unrepre-
sentative of the true twin population. In the course of
our investigations, we also examined how SSN
simi lari ty among twin pai rs varies by sex and
zygosi ty, by race, and by age.

Mater ials and methods

The Vi rginia Twin Registry, developed at the Medi -
cal  Col lege of Vi rginia by Drs Linda Corey and Wal ter
E Nance in 1978,

4
is a population-based panel  that

now includes pai rs of tw ins who were born in the
Commonweal th of Vi rginia between 1915 and 1979.
Of the more than 80 000 twins and other mul tiples
born in Vi rginia during this period, i t has been
possible to trace a total  of 31 537 individuals by
using bi rth record information (twin’s name, sex,
and date of bi rth) to match records of the Vi rginia
Department of Motor Vehicles. This match provided
SSNs for a total  of 7092 complete twin pai rs. A l l
tw ins and other mul tiples for whom a current
address was avai lable were contacted and asked to
participate in the twin registry by completing a one-
page zygosi ty determination questionnai re. Data
analyses for this report are l imi ted to the 4908
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complete twin pai rs wi th SSNs for whom i t was
possible to attribute zygosi ty. In particular, for same-
sex pai rs i t was necessary to determine zygosi ty by
questionnai re, whereas for di fferent-sex pai rs, zygos-
i ty is al ready known. Zygosi ty determined by ques-
tionnai re has been shown by others to be qui te
accurate.

5,6

Each pai r in the study was categorized as simi lar
in SSN (identical  in the first five digi ts of SSN) or
not, and the pai r’s sex and zygosi ty was categorized
as male–male monozygous, male–male dizygous,
female–female monozygous, female–female dizy-
gous, or male–female dizygous. Race was catego-
rized as Black, Whi te, and Other, and age in 1996 as
less than or equal  to 30 years, 31–45 years, and 46
years and over, the latter categories chosen primari ly
to yield groups of sufficient size for analysis. There
were too few pai rs of other race to be analyzed.

Regarding SSN simi lari ty, i t should be noted that
SSNs consist of three separate data fields,

7
the first

three digi ts (area number) showing the state of
issuance and the next two digi ts the group number
wi thin state of issuance. Thus simi lar SSNs (identi -
cal  first five digi ts) share the same state and group
number. Unti l  1972, wi thin a particular area and
group number, the last four digi ts were assigned in
simple sequential  order; since then, they have been
issued in a randomized order, largely to avoid
issuing consecutive numbers to persons wi th the
same surname.

7
Also, at one time the area number

indicated the Social  Securi ty Administration field
office from which the SSN was issued, but now i t has
no significance other than to identi fy the SSN
appl icant’s state of residence. We did not make use
of the ordering of group numbers (they are not
ordered in a simple sequential  fashion) nor of the
last four SSN digi ts in defining SSN simi lari ty.

Logistic regression analysis was used to quanti fy
the effects of the various factors on SSN simi lari ty.
Pai r sex and zygosi ty were used to create three

dummy variables: two for sex (male–male pai rs
versus female–female pai rs and same sex versus
unl ike sex) and one for zygosi ty (monozygous [MZ]
versus dizygous [DZ]). Race and age were coded
categorical ly, as was SSN simi lari ty score (yes/no).

Resul ts

Table1 shows the percentage of tw ins wi th simi lar
SSNs by race, age, and pai r sex–zygosi ty, except that
there were too few (less than 10) black female–
female twin pai rs in the 46 years and older group to
provide meaningful  data. The table shows that SSN
simi lari ty rates decrease wi th increasing age of the
twin pai rs, that there is also a general  tendency for
SSN simi lari ty rates to be higher among MZ than DZ
twin pai rs of the same race and sex, and that SSN
simi lari ty rates for male–female pai rs tend to be
lower than for same-sex pai rs, even in the under age
30 group. A lso, because zygosi ty is known for male–
female pai rs and thus there was no need to ascertain
i t by questionnai re, there are relatively large num-
bers of such pai rs.

The logistic model  showed significant effects of
pai r zygosi ty, age, and race (see Table2, first col -
umn). Specifical ly, di fferent-sex pai rs, black pai rs,
and DZ pai rs had about two-thi rds the odds of
having identical  SSNs in the first five digi ts as same-
sex pai rs, whi te pai rs, and MZ pai rs, respectively.
More strikingly, tw in pai rs in the two older age
groups had odds of SSN simi lari ty of only 0.28 and
0.10, respectively, relative to pai rs in the youngest
age group. Among same-sex pai rs, there were no
di fferences in SSN simi lari ty between male–male
and female–female pai rs.

Given the fact that SSN simi lari ty scores appeared
to be much more uni form in the youngest age group,
we fi tted separate logistic regression models for each

Table 1 Percentage of tw in pai rs wi th simi lara Social  Securi ty Numbers (number), by race, age, and pai r sex-zygosi tyb (number of pai rs
shown in parentheses)

Race and age category

White Black
Pair’s sex- 30 & 30 & White Black White Black
zygosity under under 31–45 31–45 46 & over 46 & over

MMMZ 90.7 (354) 95.4 (43) 78.2 (537) 66.2 (77) 59.9 (314) 70.0 (30)
MMDZ 86.6 (194) 79.3 (29) 75.6 (390) 56.0 (75) 41.4 (350) 48.9 (45)
FFMZ 91.5 (307) 88.5 (52) 75.4 (142) 67.7 (34) 69.4 (49) –
FFDZ 90.3 (196) 85.1 (47) 67.1 (85) 55.6 (36) 72.4 (29) –
MFDZ 86.6 (592) 80.7 (140) 62.6 (404) 47.7 (128) 24.7 (178) 21.1 (19)

aSocial  Securi ty Numbers are simi lar i f the first five digi ts are identical  (see text).
bpai r sex-zygosi ty codes are as fol lows: MMMZ=male/male monozygous; MMDZ=male/male dizygous; FFMZ=female/ female monozygous;
FFDZ=female/ female dizygous; MFDZ=male/ female dizygous.
–denotes number of pai rs less than 10.
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of the age groups; these resul ts are also shown in
Table2. In brief, only zygosi ty (ie, MZ versus DZ) is
significant (barely, P = 0.0492) in the under age 30
group; zygosi ty, race, and pai r sex (same-sex versus
di fferent sex) factors are al l  significant in the age
31–45 group; and zygosi ty and pai r sex (male versus
female and same sex versus di fferent sex) are
significant factors in the age 46 and over group.

Discussion

The resul ts of these analyses show that several
factors are related to SSN simi lari ty among twin
pai rs. Most important is the effect of bi rth cohort,
here measured using current age, wi th the youngest
cohort showing the greatest simi lari ty and the oldest
the least.

These large di fferences in SSN simi lari ty by bi rth
cohort are the backdrop against which the effects of
other factors must be viewed. The logistic regression
analysis, for example, found significant the effects of
same-sex pai rs, race, zygosi ty, and age on SSN
simi lari ty, but only one of these factors, zygosi ty,
was significant among the cohort of tw ins now age
30 and under. In contrast, in the older groups, three
of four factors (age now excluded) had significant
effects on SSN simi lari ty.

The practical  effects of these age di fferences are
substantial . Because Vi rginia twin pai rs now under
age 30 have simi lar SSNs close to 90% of the time,
the use of an SSN algori thm to identi fy putative twin
pai rs would exclude very few true twin pai rs.
Presumably, this would be the case elsewhere as
wel l , al though the rate of SSN simi lari ty could be
lower in larger states. Among those twins now age 46
and over, however, i t was sometimes the case that
fewer than hal f the twin pai r members have simi lar
SSNs (for example, the whi te male–male DZ and

male–female DZ pai rs of both races). Use of five-digi t
SSN simi lari ty scores would thus identi fy at most a
minori ty of al l  such twin pai rs, a finding mirrored in
the low yield of elderly tw in pai rs seen by Goldberg
et al .

1

In a l ike manner, only around 75% of male–male
twin pai rs in the 31–45 year old group had simi lar
SSNs. Thus, i t is not surprising that when Goldberg
et al compared the l ist of al l  Connecticut-born male–
male twin pai rs born in the years 1939–1955 who
served in the mi l i tary during the Vietnam era wi th
the l ist of tw in pai rs identified from computerized
mi l i tary records fi les using an SSN-simi lari ty algo-
ri thm, they found that only 46.7% of the known
Connecticut tw in pai rs were identified from the
computer fi les.

3

We bel ieve that the usefulness of SSN simi lari ty in
identi fying twins is explained by the fol lowing
hypothesis: equal i ty of the first five digi ts of an SSN
pai r – for SSNs issued before 1972, one could
meaningful ly compare al l  nine digi ts of the SSN –
means that both members of the pai r made appl ica-
tion for thei r SSN (or appl ication was made for them)
at roughly the same place (ie, state) and time. If so,
then SSN simi lari ty, we further assert, raises the
probabi l i ty that the members of a pai r are fami ly
members, for we bel ieve that tw in pai rs in the same
household (usual ly the case for tw ins) have been
more l ikely to apply for SSNs at roughly the same
place and time than unrelated individuals who
merely share the same last name and bi rthday.

Using data provided by the Social  Securi ty
Administration (Bert Kestenbaum, Office of the
Chief Actuary, Social  Securi ty Administration; per-
sonal  communication, 1997), we tested the above
hypothesis by looking at year of issue by area and
group number for a 5% sample of SSN pai rs in the
study. We found that dissimi lari ty of SSN reflected
dissimi lari ty of year of issue, especial ly for older
pai rs, and that simi lari ty of SSN pai rs means that
they were usual ly issued contemporaneously. Here i t
is useful  to remember how the issuance of SSNs has
changed over time: early on, SSNs were issued to
persons who were working, later to persons who
were about to begin work, and later to persons for
non-working purposes. Final ly, because issuance of
SSNs is a national  process, we have no reason to
bel ieve that Vi rginia’s experience is di fferent from
any other US state.

Bayes Theorem is perhaps the best way to sort out
the relationships between various mathematical
quanti ties of interest here. Let P(T) denote the
probabi l i ty that a pai r of individuals are twins, P(T

o
)

denote the probabi l i ty that a pai r of individuals are
not tw ins, P(S) denote the probabi l i ty that a pai r of
individuals have simi lar SSNs, and P(A| B) denote
the condi tional  probabi l i ty of A, given B. Then,

Table 2 Odds ratios for tw in pai rs having simi lara Social
Securi ty Numbers, for the group as a whole and separately by age
group

Age 30 Age 46 
Factor Al l  ages & under Age 31–45 & over

Female vs male 1.030 1.178 0.816 2.367b

Male-female vs al l 0.637b 0.922 0.588b 0.426b

same sex
Black vs whi te 0.685b 0.713 0.526b 1.380
DZ vs MZ 0.656b 0.688b 0.778b 0.506b

Age 31–45 vs 0.285b – – –
age 30 & under

Age 46 & over vs 0.103b – – –
age 30 & under

aSocial  Securi ty Numbers are simi lar i f the first five digi ts are
identical  (see text).
bP<0.05.
–parameters not estimated.
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P(T| S) = P(T)* P(S| T)/
P(T)* P(S| T) + P(T

o
)* P(S| T

o
)

Thus, P(T| S) depends on both P(T)* P(S| T) and
P(T

o
)* P(S| T

o
), and for example, the larger P(T

o
*

P(S| T
o
) becomes, the further P(T| S) departs from

1.0. A l though our study design offers no opportuni ty
for di rect observations of P(S| T

o
), we nevertheless

speculate that in the future, as SSNs are issued at
bi rth or soon thereafter (as is now frequently the
case), P(S| T

o
) wi l l  increase. Thus, i f we further

assume that P(S| T) remains unchanged, the
hypothesized increase in P(S| T

o
) wi l l  mean a

decrease in P(T| S) and a lower yield of tw ins from
SSN simi lari ty algori thms.

A few words about the general  appl icabi l i ty of
these resul ts are in order. The Vi rginia Twin Registry
subfi le we analyzed includes twins born between
1915 and 1979 who could be traced using the records
of the Vi rginia Department of Motor Vehicles.
Because female twins were traced under thei r
maiden names, and these records l ist only those
names under which an individual  has had a driver’s
l icense, female twins who obtained thei r fi rst driv-
er’s l icense after marriage would not be traceable.
This has led to under-representation of female twin
pai rs in the older age groups and an increased
proportion of male–male twin pai rs. Indeed, less
than hal f of Vi rginia-born twins ascertained from
birth records were traceable, which suggests that
more than hal f of those twins may have migrated
from the Commonweal th, not appl ied for a driver’s
l icense, or married and changed thei r name.

However, these overal l  figures are somewhat mis-
leading, for traceabi l i ty rates range from less than
4% for female–female twin pai rs born prior to 1935
to greater than 65% for male–male twin pai rs born
after 1955. A l though there are conceivable associa-
tions between traceabi l i ty and SSN simi lari ty – for
example, older tw in pai rs wi th SSNs issued later in
l i fe (which are presumably more apt to be dissimi lar)
might have been more l ikely to migrate before they
were traced – i t is unclear how strong these associa-
tions may be or whether they would affect the
general izabi l i ty of our resul ts, particularly in the
youngest age group, where tracing is more
complete.

Al though our analysis was not constructed to
al low a di rect comparison of the characteristics of
traceable wi th untraceable subjects, we note that the
issue of ascertainment bias has been studied in the
VETS (Vietnam Era Twin) Registry.3 Comparing
Connecticut-born veteran twins who were also in the
VETS registry wi th those who were not, the inves-
tigators found significant di fferences between the

two groups in year of discharge from mi l i tary
service, total  length of mi l i tary service, branch of
service, and foreign service. However, there was no
consistent pattern of di fferences related to physical
or psychosocial  heal th.

In summary, simi lari ty between the SSNs of tw in
pai rs varies markedly by age, and MZ twin pai rs
have significantly more simi lar SSNs than DZ pai rs
at al l  ages. Among older tw ins, there are also
significant di fferences by sex and race. For younger
twins, algori thms that identi fy putative twin pai rs on
the basis of the simi lari ty of thei r SSNs hold the
promise of being able to identi fy a large proportion
of al l  true twin pai rs. Such algori thms wi l l  be
substantial ly less successful , however, in identi fying
a large proportion of older tw in pai rs.
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