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Summary. Subjects in the National Academy of Sciences- 
National Research Council Twin Registry of  31,848 male twin 
veterans were followed for mortality from 1 January 1946, or 
from the date of  entry into military service if that was later, to 
31 December 1978. During this time 3,573 deaths occurred 
among them, 837 due to t rauma and 2,712 due to disease. 

Mortali ty from all causes for the entire follow-up period was 
10.2% among 11,350 monozygotic (MZ) twins and 11.4% 
among 14,450 dizygotic (DZ) twins. Mortali ty of veterans is 
known to be favorable compared to U.S. males. Among U.S. 
males of the same ages as the two respective twin zygosity 
groups, a mortali ty of  13.9% would have been expected during 
this time period. Observed mortality from trauma was 2.3% for 
MZ twins and 2.5% for DZ  twins, with 3.0% expected in either 
group. Observed mortality from all disease was 7.9% for MZ 
twins and 8.8% for DZ twins, with 10.9% expected in either 
group. 

For total mortality, the case twin concordance rates, based 
on individual deaths, were 28.2% among MZ twins and 17.7% 
among D Z  twins. For  trauma, respectively by zygosity, these 
concordance rates were 6.9% and 3.9%. In this sample, familial 
factors appear to be of  little consequence in trauma deaths. For  
all disease the concordance rates were 30.1% and 17.4%. 
Estimating heritability of liability to death from disease, as 
proposed by Edwards (1969), provides values o fh  2 = r =  0.51 for 
MZ twins, h 2= 2r=0.48 for DZ  twins, and h~=2(rMz--rnz)= 
0.54 using data for the two zygosity groups combined. 

Introduction 

There is ample evidence that familial factors affect longevity 
(Dublin et al. 1949; Wyshak 1978). Life span as determined by 
mortality from disease among adults provides the most direct 
and specific measure of  aging, and the marked differences in life 
span between species indicate that it is genetically controlled. 
However, the mechanisms involved are complex and in- 
completely understood. The extent to which genetic factors 
control aging and life span within species, particularly among 
humans, has been the subject of much interest (Dublin et al. 
1949; Finch and Hayflick 1977; Schneider 1978). Studies of  
mortality among twins can help to evaluate the extent to which 
familial factors, which may be genetic, affect longevity, and in 
that sense reflect aging. 
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Rates of concordance for death between twin pair members, 
differences in ages at death between them, or correlations in 
these ages reflect the sharing between twins of  both genetic and 
environmental factors. For  most of the common diseases that 
cause death, the annual mortality risk increases sharply with 
advancing age. This implies that the life span is biologically 
limited and would not be much extended by eliminating any 
one or even several death causes (Simms et al. 1959). If genetic 
factors affect mortality, the upper limit at which they exert 
influence is in turn related to the length of life. But the degree of  
their influence may well be different at different ages. Thus, 
there is reason to evaluate overall mortality, and mortality from 
disease regardless of cause, among twins followed from a young 
age. 

Some environmental agents have been related to several 
different causes of death. The importance of  many others 
probably remains unrecognized and several different environ- 
mental factors may contribute to the same cause. To the extent 
that members of  twin pairs share environmental factors, the 
study of  their mortality may provide a comprehensive eval- 
uation of the impact of  this sharing on mortality. 

Trauma deaths are the major contributor to mortality from 
childhood to middle age. They are clearly the result of  
environmental causes, but gene-environment interactions may 
also be involved in them. Thus, an evaluation of trauma 
mortality among pre-senescent twins is of interest. 

Ideally, a twin study would follow a very large cohort  of 
pairs from birth until all died. Observing large numbers is 
particularly important  at young ages when deaths occur rarely. 
Such an investigation has not been feasible so far. Wyshak 
(1978) studied one well-defined populat ion with an appreciable 
number of  deceased twins. H o w e v e r ,  the record linkage 
mechanisms have been extended into the past to evaluate 
mortality that already occurred, and where twin zygosity could 
not be determined. Other studies that approximate the ideal 
methodology have been carried out in the Scandinavian 
countries (Kaprio et al. 1978; Kringlen 1978; Cederlof and 
Lorich 1978; Hauge et al. 1968). Each of the Scandinavian 
registries starts with male and female twins over much of  the 
age range who were alive at time of registry compilation, all 
after 1953. These registries exclude at least the first decade of 
life, and they have accumulated relatively small numbers of 
person-years of  observation during 20-40 years of age. Various 
analyses of mortali ty from specific causes have been reported 
by the Swedish (Cederlof et al. 1970) and the Danish (Harvald 
and Hauge 1965; Holm et al. 1980) registries, but none of  them 
have dealt with mortality comprehensively. 
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The 15,924 subjects in the National Academy of Sciences- 
National Research Council (NAS-NRC) Twin Registry, re- 
ported on here, are a homogeneous group of males born in the 
period 1917-1927, who have been followed through their 
twenties to a mean age of 54 years and to 61 years of age among 
the oldest. Since all were screened through the induction 
physical examination, like other veterans the group has been 
selected for health. Independent evaluations have shown that 
the Registry subjects are very similar on various socioeconomic 
characterstics to all U.S. male veterans of the same ages 
(Behrman et al. 1980). 

The purpose of this report is to assess familial and perhaps 
genetic factors in mortality between the ages of 20 and 60 years 
from all causes, from trauma, and from all disease. The results 
relate to longevity by extension; factors that contribute to early 
death appreciably affect average life expectancy. The work also 
seeks to describe an analytic framework that will be used in 
subsequent cause-specific analyses. 

Materials and Methods 

The sample of this study consists of the NAS-NRC Twin 
Registry. The methods used to construct this twin panel have 
been described (Jablon et al. 1967). White male multiple births 
occurring in the continental United States during 1917 to 1927 
were identified by searching birth certificates. Approximately 
108,000 certificates were found. These represent about 93% o fall 
such births estimated from national statistics to have occurred 
during those years (Hrubec and Neel 1978). Among them there 
were 15,924 twin pairs with both members having records in the 
Master Index File o f  the Veterans Administration (VA) 
indicating that both twins had served in the military. Because of 
the years of birth selected, military service was generally during 
World War II, although some re-entered or remained in service 
during the Korean period. These 15,924 twin pairs constitute the 
sample being followed. 

The means by which information is compiled for the 
members of the twin panel have been reported in detail (Hrubec 
and Neel 1978). Survival status is determined periodically 
through the computer based Beneficiary Identification and 
Records Locator Subsystem of the VA. Veterans of periods of 
military action are eligible for a burial allowance. The VA is 
notified of about 98% of the deaths among World War II 
veterans by relatives or morticians claiming this allowance 
(Beebe and Simon 1969). Survival of veterans is favorable 
compared to the U.S. population of the same sex and age (Seltzer 
and Jablon 1974), probably because some ill individuals have 
been screened out by the induction physical examination and 
because, following separation, veterans have a socioeconomic 
advantage and easier access to medical care than non-veterans 
(Myers and Pitts 1977). 

For twins identified as deceased, VA hard-copy records have 
been searched for death certificate information. Causes of death 
have been coded according to the Eighth Revision of the 
International Classification of Diseases, Adapted (U.S. Depart- 
ment of Health, Education, and Welfare 1968). On the basis of 
this coding, in the present report, deaths have been classified as 
being due to trauma or to disease. 

Using addresses obtained primarily through VA records, and 
from the twins themselves for their co-twins, an attempt has been 
made to contact every member of the panel in order to verify his 
eligibility, to determine the zygosity of the twin pair, and to 

obtain information on medical history since separation from 
servive. Of all the pairs in the panel, 13,486 have been classified 
by zygosity to date, most by self-reports or self-reports 
confirmed by fingerprint and anthropometric similarity scores. 
Assessments of the accuracy of the twins' opinion of their 
zygosity in this Registry (Hrubec and Neel 1978; Jablon et al. 
1967), and by others (Cederlof et al. 1961; Harvald and Hauge 
1965; Torgersen 1979), suggest that approximately 95% of such 
classifications are correct. We excluded pairs when their 
opinions conflicted markedly with a classification based on 
fingerprint and anthropometric similarity scores. This improves 
the accuracy of classification among those retained. About 800 
twin pairs have been very reliably classified by blood typing, 
regardless of what other information was available for them; and 

about 1,950 pairs have been classified using only the fingerprint 
and anthropometric scoring. Overall, 95% appears to be a 
reasonable estimate of the frequency of correct classification 
among the twins who have been classified. 

In the Results section we evaluate the effect on the estimates 
presented there of a 5% error in the observed classification of 
zygosity. For simplicity it is assumed that the rate of error is the 
same for MZ as for DZ twins, namely 0.05, and that 
misclassification is random. Then for the zygosity indicated by 
the subscripts, an estimate m' is a proportional sum of the correct 
values rn as follows. 

m'MZ = 0.95 mMZ + 0.05 mDZ 

m'DZ = 0.05 mMZ + 0.95 mDZ 

Solving these equations for the two correct values of m gives 

0.95 m'~z - 0.05 mbz 
mMZ = 0.9 

0.95 rnbz - 0.05 m~z 
mDZ = 0.9 

These statements are not affected by the actual proportions of 
MZ and DZ pairs. 

Among the 31,848 individuals in the panel, altogether 4,583 
deaths have been ascertained in midyear of 1979. In order to 
exclude the World War II period of atypical mortality from this 
analysis, 1 January 1946 was chosen as the start of the follow-up 
period, which resulted in the exclusion of 697 deaths in military 
action, 183 deaths from other trauma, and 46 deaths from 
disease, all occurring before that date. Also excluded were 56 
deaths in military action after 1 January 1946 and three with date 
and cause of death unknown. There were 27,290 individuals who 
were alive on 31 December 1978, following which mortality 
ascertainment is incomplete. The end of December 1978 was, 
therefore, chosen as the cutoff date for mortality observations, 
and the 25 subjects identified as deceased after that date have 
been classified here as alive. Thus, in the period of observation, 
from the beginning of 1946 to the end of 1978, there occurred 
3,573 deaths not due to military action. 

To make a twin pair analysis possible, twin pairs with either 
member failing to meet the study criteria, i.e., either twin died 
before 1946, either killed in military action, or either with 
unknown date of death, have been excluded. The reasons for 
exclusion and cause of death status of the excluded pairs are 
shown in Table 1. This selection has resulted in the retention 
of 29,962 individual subjects observed during the follow-up 
period, of whom 3,460 died before 1 January 1979. 
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Table 1. Number of twin individuals, number of deaths, and percent 
deceased by status in mortality analysis, and by reason for exclusion 

Status in mortality analysis Number Number Percent 
and reason for exclusion of of deceased 

individuals deaths" 

Total panel 31,848 4,558 14.3 

Excluded, total 1,886 1,098 58.2 

Died before 1946 926 926 - -  

Killed in military action _> 1946 56 56 - -  
Unknown date of death 3 3 - -  

Co-twin not eligible 901 113 12.5 

Included, 

Both in twin pair eligible 29,962 3,460 11.5 

Monozygotic 11,350 1,162 10.2 
Dizygotic 14,450 1,646 11.4 

Unknown 4,162 652 15.7 

a Through 31 December 1978 if date is known 

Table 2. Number of subjects by age at start of follow-up, a mean age at 
start, mean years of follow-up, and number of person-years of foliow- 
up, by zygosity 

Age at start of follow-up Zygosity 

Mono- Dizy- Un- Total 
zygotic gotic known 

<20 2,687 3,140 1,130 6,957 

20-24 5,969 7,725 2,045 15,739 
25-29 2,692 3,584 986 7,262 

30-34 2 1 1 4 

Total 11,350 14,450 4,162 29,962 

Mean age at start 22.13 22.27 22.02 22.18 

Mean years of follow-up 31.52 31.38 30.54 31.32 

Number of person-years 357,793 453,480 127,127 938,400 

a For 94% of the subjects, follow-up starts on 1 January 1946. For the 
6% who entered service after that date, it starts on date of entry into 
service. Excluded have been pairs with either member dying before 
1946, in military action, or with date of death unknown 

Of the 29,962 eligible subjects, 28,273 entered service before 
1946. They have been followed f rom 1 Janua ry  1946, unti l  death,  
or the cutoff  date. The o ther  1,689, or  5.6%, who entered service 
during 1946 th rough  1955 have been followed from the date of  
entry. The dis t r ibut ion of start  of  follow-up year is quite similar 
for the two zygosity groups. The year of  b i r th  dis t r ibut ions for 
the three groups are also very similar,  which leads to the 
comparable  ages at  start  of fol low-up and  mean  years of follow- 
up for these groups,  shown by zygosity in Table  2. 

In each zygosity group,  the data  on individuals were 
s tandardized by comput ing  the expected n u m b e r  of deaths 
among  U.S. males of the same ages and  for the same calendar  
time as the twin subjects being followed. The observed numbers  
of deaths  divided by the expected numbers  produce S tandard  
Mortal i ty  Ratios (SMRs). Age-s tandardized  relative risks, rat ios 
of  the SMR for M Z  to the SMR for D Z  twins, were tested as 
described by Haldane  (1955-1956). The s tandard iza t ion  assures 
that  compar isons  of  M Z  with D Z  twins are not  biased by 

Table 3. Number surviving first death in pair by age at start of follow-up, a 
mean age, mean number of years of follow-up to death or 31 December 
1978, and total number of person-years, by zygosity 

Surviving twins, Zygosity 
age at start of follow-up Mono- Dizy- Total b 

zygotic gotic 

Survivmgfirstdeath m pa~ 

<30 94 115 289 
30-39 126 219 468 

40-49 393 580 1,181 

50-54 238 378 701 

55-61 145 204 410 

Total 996 1,496 3,049 

Mean age at start 45.32 45.49 44.82 

Mean years of follow-up 9.65 9.86 10.20 

Number of person-years 9,613 14,758 31,113 

Follow-up starts on date of death of co-twin 
u Includes 557 with unknown zygosity and mean years of 42.13 for 

starting age and 12.10 for follow-up duration 

selective factors tha t  might  affect one group more than  the o ther  
and  produce  differences in age dis tr ibut ions,  mortal i ty  sched- 
ules, or dura t ion  of fol low-up at different ages. Veterans in 
general have lower morta l i ty  than  U.S. males, but  age and  
calendar-specific morta l i ty  rates are not  available for them, and  
a s tandard iza t ion  to the veteran popula t ion  cannot  be carried 
out  reliably. 

One analysis of  twin concordance  was carried out  by 
considering a co-twin of a deceased twin at  risk of death  f rom the 
date (and age) at which the first dea th  in the pair  occurred unti l  
the second death  or until  the cutoff  date. The dis t r ibut ion of  ages 
of  twins at the first dea th  in the pair,  the start  of  their  follow-up in 
this analysis, is shown in Table 3. A m o n g  the 3,460 deaths tha t  
met the criteria listed in Table  1, there are 2,652 single deaths and  
404 concordant ly  deceased pairs. For  397 of them, first and  
second deaths could be dist inguished.  The remaining seven pairs 
with equal dates of death  include three M Z  and  three D Z  pairs 
with bo th  deaths due to t rauma.  The numbers  shown in Table  3 
provide the means of es t imat ing annua l  mortal i ty  rates in the 
remainder  of the follow-up per iod among  co-twins who survived 
the first dea th  in the pair.  These morta l i ty  rates are, in effect, 
annual  pair  concordance  rates of  dea th  as defined below. 

The pair  concordance  rate divides the n u m b e r  of  concordan t  
pairs by the n u m b e r  of  pairs  with one or bo th  twins affected. This 
rate is to be dist inguished f rom the case concordance  rate which 
is the n u m b e r  of  individuals in twin pairs concordan t  for  the 
causes of death  of  interest divided by the total  n u m b e r  of  deaths 
from those causes. The generally preferred p roband  concord-  
ance rate uses secondari ly ascertained cases, found  a m o n g  co- 
twins of  originally ascertained p robands ,  to correct for deficits in 
the pr imary  ascer ta inment .  It canno t  be employed in this study, 
because ascer ta inment  of morta l i ty  is carried out  independent ly  
for the two members  of  the twin pair,  with no secondary 
ascer ta inment  of co-twins of  p robands  (Hrubec  and  Allen 1975). 

The definitive analysis of the twin concordance  data  on 
mortal i ty  to est imate heri tabil i ty was done using case concord-  
ance rates, in a convent ional  manne r  as proposed by Edwards  
(1969). This is much  like the method  proposed by Fa lconer  



42 

Table 4. Observed and expected numbers of deaths, corresponding annual mortality per 1,000 person-years, and standard mortality ratios, ~ by age 
at follow-up, zygosity, and cause of death 
All twins 

Age at Monozygotic Dizygotic Relative b 95% 

follow-up Number Mortality Standard Number Mortality Standard risk confidence 
of deaths per mortality of deaths per mortality MZ/DZ limits on 

1,000 years ratio 1,000 years ratio relative risk 

All deaths 

<30 Observed 100 1.13 / 130 1.17 / 

Expected 158.6 1.78 [ 198.7 1.79 / 0.74 
30-39 Observed 146 1.30 / 0.60 0.69 0.87 229 1.61 1.02 

Expected 253.8 2.27 / 322.6 2.27 

40-49 Observed 452 4.13 647 4.67 0.78 
0.73 0.83 0.88 

Expected 617.9 5.65 782.4 5.65 1.00 

50-61 Observed 464 9.75 640 10.41 0.83 
0.85 0.90 0.94 

Expected 549.0 11.54 712.0 11.58 1.06 

Total Observed 1,162 3.25 1,646 3.63 0.84 
0.74 0.82 0.90 

Expected 1,579.3 4.41 2,015.8 4.45 0.97 

Deaths due to disease 

<30 Observed 34 0.38 
Expected 66.7 0.75 

30-39 Observed 84 0.75 
Expected 159.9 1.43 

40-49 Observed 364 3.33 
Expected 508.3 4.65 

50-61 Observed 416 8.74 
Expected 499.7 10.50 

45 0.40 ] 

0.52 84.0 0.76 
131 0.92 0.61 0.85 

203.4 1.43 

530 3.83 
0.72 0.82 0.87 

643.8 4.65 

568 9.24 
0.83 0.88 0.95 

648.3 10.54 

0.67 
1.07 

0.76 
0.99 

0.84 
1.08 

Total Observed 898 2.51 1,274 2.81 0.83 
0.73 0.81 0.90 

Expected 1,234.7 3.45 1,579.4 3.48 0.98 

a Observed deaths/expected deaths 
b SMRMz/SMRD z 

(1965) but requires fewer assumptions. The Edwards model  is 
developed from generally accepted principles of  genetic analysis 
(Vogel and Motulsky 1979) by postulating a multifactorial 
liability to the event of  interest which becomes realized when a 
threshold liability value is exceeded. Subjects with equal dates of 
death have been included in this analysis. For  comparat ive 
purposes the index H6 characterized by Allen (1979) as 
estimating the relative degree of  familial determination has also 
been obtained. H6 is computed as 1 - ( C D z  + CMZ), where C is 
the case concordance rate of  the subscripted zygosity. H6 is a 
convenient index of the relative degree of familial determination 
not dependent on a specific genetic model  (Allen 1979). 

Results 

The observed and expected numbers of  deaths, mortality rates, 
and SMRs are shown in Table 4 by age at follow-up, when the 
mortali ty occurred, and by cause group for MZ and D Z  twins. In 
the entire sample, there were 3,460 deaths from start of follow-up 
to the end of  1978, and 4,142.6 deaths would have been expected 
in a comparable U.S. populat ion during this period. This yields 
an SMR of 0.84. The SMR for MZ twins is 0.73, for DZ twins it is 
0.81, and for twins with unknown zygosity it is 0.97. In all age 
groups the expected mortality rates among MZ twins are almost 

identical to those among DZ twins for all deaths, deaths from 
disease, and also deaths from trauma, which are not shown. 
Therefore, standardizing the observed D Z  rates to the MZ age 
distribution does not  change the Observed DZ rates and the 
standardized rates are not presented. Mortali ty rates increase 
with increasing age, and the SMRs are closer to 1.0 in the oldest 
age group. The ratio of the respective SMRs for MZ and DZ 
twins provides an age-standardized relative risk of  0.9 for all 
deaths and also deaths from disease, favoring MZ twins, both of 
which are statistically significant with P <  0.01. 

An analysis of mortali ty among survivors of the first death in 
the pair is shown in Table 5 for MZ and for DZ  twins by age at 
follow-up. In the entire panel, 397 such deaths were observed and 
240.5 would have been expected among U.S. males during the 
time that the survivors were under observation. This yields an 
SMR of 1.65. The SMRs for all ages, respectively for MZ and D Z  
twins, are 2.2 and 1.2. As for all twin individuals, so for survivors 
of the first death in the pair, in each age group the expected 
mortality rates of  MZ twins are almost equal to those of D Z  
twins, and age-standardizing the DZ  values to the MZ group 
does not change the observed DZ rates. Mortali ty increases with 
increasing age. The number of  deaths under age 40 is too small 
for meaningful evaluation of  relative risk by age. The relative 
risk can also be interpreted as an age-standardized ratio of  twin 
pair concordance rates of death. For  all ages combined it is 1.8 
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Table 5. Observed and expected numbers of deaths, corresponding annual mortality per 1,000 peson-years, and standard mortality ratios, a by age 
at follow-up, zygosity, and cause of death 

Survivors of first death from any cause in pair b 

Age at Monozygotic Dizygotic Relative ° 95% 
risk confidence 

follow-up Number Mortality Standard Number Mortality Standard MZ/DZ limits on 
of deaths per mortality of deaths per mortality relative risk 

1,000 years ratio 1,000 years ratio 

All deaths 

<30 Observed 2 4.55 

Expected 0.8 1.70 

30-39 Observed 4 2.69 

Expected 3.5 2.38 

40-49 Observed 47 12.09 
Expected 23.7 6.10 

50-61 Observed 109 28.68 
Expected 47.2 12.43 

1 1.89 / 
0.9 1.72 0.49 2.84 0.77 

1.40 2 0.92 9.00 

5.2 2.41 

47 7.86 1.03 1.98 1.29 1.54 
36.4 6.09 2.29 

92 15.12 1.43 
2,31 1.22 1.89 

75.4 12.39 2.49 

Total Observed 162 16.85 142 9.62 1.43 
2.15 1.20 1.79 

Expected 75.2 7.82 117.9 7.99 2.24 

Disease deaths 

<30 Observed 2 4.55 / 1 1.89 

/ 0.4 0.78 Expected 0.3 0.75 2.31 

30-39 Observed 4 2.69 2 0.92 

Expected 2.3 1.54 3.4 1.56 

40-49 Observed 43 11.06 42 7.02 
Expected 19.7 5.07 30.3 5.07 

50-61 Observed 101 26.58 84 13.80 
Expected 43.2 11.38 69.0 11.34 

0.79 2.92 
0.79 

9.27 

1.03 
2.18 1.39 1.57 

2.39 

1.44 
2.34 1.22 1.92 

2.56 

Total Observed 150 15.60 129 8.74 1.45 
2.29 1.25 1.83 

Expected 65.6 6.82 103.1 6.99 2.31 

a Observed deaths/expected deaths 
b Considered at risk from date of death of co-twin to their own death or to 31 December 1978 
c SMRMz/SMRD z 

Table 6. Percent prevalence, percent casewise twin concordance, and heritability (h 2)-I- standard error by cause and zygosity 

Cause of death Monozygotic Dizygotic Combined 
heritability 

Percent Percent Heritability Percent Percent Heritability h 2 = 2 (rgz-rDz) 
mortality concordance h 2 = r mortality concordance h 2 = 2r 

All deaths 10.2 28.2 0.42 _+ 0.03 11.4 17.7 0,35 _+ 0.06 0.50 ___ 0.09 

Disease 7.9 30.1 0.51 _+ 0.03 8.8 17.4 0,48 + 0.06 0.54_+ 0.09 

Trauma 2.3 6.9 0.23 _+ 0.07 2.5 3.9 0,18 -+ 0.15 0.29 -+ 0.20 

with a 95% limit of  1.4 to 2.2. Only in the last two age groups and 
for all ages combined are there sufficient observations to show 
that the excess risk of  MZ twins is statistically significant with 
P<0 .05  for ages 40-49 and P <  0.001 for ages 50-61 and for all 
ages combined.  Essentially the same relationships can be seen for 
deaths from disease as for all deaths, and the results of  
significance tests are the same. 

Among  the 3,460 deaths in the total sample, 808 occurred in 
pairs with both  twins deceased, which produces a case 
concordance rate for deaths from all causes of  23.4%. There 
were 164 death concordant  pairs among MZ and 146 among DZ 
twins. These lead to the respective concordance rates, shown in 
Table 6, of  28.2% and 17.7% and h 2 values of  0.42 and 0.35 in the 

two zygosity groups. WHen corrected for the assumed 5% 
zygosity misclassification the two concordance rates are, 
respectively by zygosity, 28.8% and 17.1% and the correspond-  
ing h 2 estimates are 0.43 and 0.31. Statistical testing of  this 

difference yields P < 0.001. Likewise, the difference in concord-  
ances for disease deaths is significant with P <  0.001, but for 
t rauma mortali ty the difference is not significant (P>0.05) .  
Heritability estimates for deaths from disease are about  0.5, 
regardless of  how estimated, and with or without correction for 
zygosity misclassification. For  deaths from trauma and for all 

2 deaths, the h estimates for the two zygosity groups combined are 
the highest, followed by estimates for MZ twins. In each case the 

2 2 
h values for all deaths are somewhat  below the corresponding h 
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Table 7. Number of concordantly deceased twin pairs, mean age at first 
and second death, mean difference in age and standard error, and intra- 
class correlation of ages at death by twin concordance for cause of death 
and zygosity 

Twin concordance for cause of death 

Both disease Both trauma Total" 
(zygosity) (zygosity) (zygosity) 

MZ DZ MZ DZ MZ DZ 

Number of pairs 135 111 9 7 164 146 

Mean age at first 
death 44.09 44.31 34.78 32 .00  43.47 43.13 

Mean age at second 
death 50.62 51.22 41.67 39 .43  50.31 50.42 

Mean difference 6.53 6.91 6.89 7.43 6.85 7.29 

Standard error of 
mean difference 0.51 0.53 2.94 3.72 0.48 0.51 

Correlation of ages 
at death 0.29 0.15 0.53 0.29 0.33 0.26 

Includes 2 MZ and 3 DZ pairs with cause of death unknown 

values for deaths from disease. The h 2 values for deaths from 
trauma are in turn well below those for the other cause groups. In 
contrast to  h 2, the values of  H6 are 0.37 for total mortality, 0.42 
for deaths from disease, and 0.43 for deaths from trauma. When 
corrected for zygosity misclassification these H6 values are 
respectively 0.41, 0.46, and 0.48. 

Mean age at death and within-pair differences in these ages 
reflect the age range over which the cohort  is followed. In this 
study the oldest subject was 62 at the end of observation, and 
most of  the mortality occurred in the last 10 years. Differences 
between zygosity groups in mean interval between first and 
second death are not  statistically significant (P>  0.05) for any of 
the cause groups and neither are the differences in correlation 
coefficients of  ages at death shown in Table 7. However,  among 
the 135 MZ and 111 DZ twin pairs concordant  for disease deaths, 
the interval between the first and second death is four years or  
less among 52.6% of the MZ group and among 40.5% of the D Z  
group. In contrast, for 19.3% of MZ pairs the interval is 5-9 years 
compared to 34.2% of D Z  pairs with these values. At this time, 
among concordant  deaths, the percent of  pairs with one twin 
surviving the other by 10 years or more is similar in the two 
zygosity groups. 

Discussion 

This report  evaluates data on pairs of twin veterans in the NAS-  
NRC Twin Registry. The subjects were followed from 1946 
through 1978 to determine the prevalence and twin pair 
concordance of death from disease, f rom trauma, and from all 
causes. The analysis assesses the importance of  familial factors in 
this mortali ty and attempts to estimate the heritability of  these 
events. In 1946, the start of  observation for most subjects, the 
youngest were 19 and the oldest were 29 years old. At the end of 
1978 they were between 51 and 61 years old. Thus, almost all of 
them were followed through the age range of 30-50 years. 

In the entire sample 11.5% died in the follow-up period. In a 
group of U.S. white males of the same age followed for the same 
time, expected mortali ty is 13.8%. This is consistent with 

previously published reports of  lower mortality among veterans 
than among U.S. males (Seltzer and Jablon 1974). Table 4 
showed that, as twins of  either zygosity aged, their mortali ty 
approached that of  U.S. males. Induction into military service 
tended to screen out some port ion of high risk individuals, but 
the effects of this selection tended to be much reduced after 20 
years. 

While these twins had a mortality similar to that of other 
veterans, MZ twins had better survival than D Z  twins. The 
expected mortali ty percentages are almost equal between the two 
zygosity groups, and the difference remains even after standard- 
izing for differences in age distribution and mortality schedules 
(P < 0.01). A biologic interpretation of  this difference may not be 
appropriate, as it too may be due to selective factors. DZ  
twinning rates differ with age of mother,  parity, and, conse- 
quently, with socioeconomic factors that in turn may affect 
mortality (Bulmer 1970). 

At the end of the follow-up period, 164, or 2.9% of all MZ 
twin pairs, and 146, or 2.0% of all DZ  twin pairs, were 
concordantly deceased. Both twins died from trauma in only 
nine MZ and seven DZ twin pairs. Although this produces a 
somewhat higher concordance rate for trauma deaths among 
MZ than among DZ twins, the difference is not statistically 
significant, and it is clear that twin concordance for death from 
trauma during the ages covered in this study is rare. Among  
deaths occurring before 1946, and therefore excluded from this 
analysis, there are 33 pairs concordantly killed in military action 
of whom 25 could not be classified by zygosity. In the entire 
Registry of  15,924 pairs there are 14 MZ, eight DZ,  and 14 pairs 
of unknown zygosity known to be concordant  for deaths from 
trauma other than that due to military action. Death from 
disease in one twin does not affect the risk of  t rauma in the co- 
twin in either zygosity group in the follow-up sample and in the 
entire Registry. This all suggests that neither genetic nor other 
factors shared between twin pair members account for much 
trauma mortali ty after the second decade of life. 

The 135 MZ and 111 DZ twin pairs concordant for disease 
deaths provide, respectively, case concordance rate estimates of 
30.1% and 17.4%, a statistically significant difference (P < 0.001). 
When corrected for the assumed 5% zygosity misclassifi- 
cation, these rates are, respectively by zygosity, 30.8% and 
16.7%, almost the same as the uncorrected values. Respectively, 
the uncorrected concordance rates are 3.8 and 2.0 times the 
corresponding percent mortality from disease. This is strong 
evidence for the effect of  familial factors. At present, this sharing 
seems to account for less than one quarter of  all disease deaths 
among MZ and less than one tenth of disease deaths among D Z  
twins when percent concordance is compared with percent 
mortality. However,  this kind of  evaluation is highly time 
dependent. 

An estimate that probably is more stable with time than 
comparing concordance and mortality rates is provided by the h a 
estimates in Table 6 based on the multigenic threshold effect 
model (Edwards 1969). The estimates for DZ  twins make 
allowance for their coefficient of  relationship of  0.5, by 
multiplying by two the tetrachoric correlation estimate of r. If  
environmental factors are shared to the same extent between MZ 
and DZ twin pair members, this calculation artifactually inflates 
the estimate of h 2 for DZ  as compared to the estimate for MZ 
twins. The effect of  such sharing is excluded from the combined 
estimate of  2(rMZ-rDZ) (Smith 1974). Our three estimates of h 2 
are similar to each other. They are in turn similar to the H6 
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estimate, and  the D Z  concordance  rate is moderate .  The 
intermediate values of  the three est imates of h 2, their  similarity, 

and  the excess of concordance  rates over individual  morta l i ty  
rates all suggest tha t  disease morta l i ty  dur ing the ages under  
study is influenced by bo th  genetic and  part ly shared 
envi ronmenta l  factors. The values o f h  2 for M Z  and  for D Z  twins 
estimate the same quant i ty  f rom two independent  samples. I f  
only env i ronmenta l  factors shared between twin pair  members  
were responsible for the within pair  concordances  noted,  it is 
unlikely tha t  there would be such good agreement  between the 
different measures of genetic effect. Tobacco  smoking and 
alcohol abuse are some of  the factors tha t  might  be of 
consequence at these ages. 

The results are consistent  with a report  by Wyshak (1978) on 
twins bo rn  before 1850 and  identified in the Archives of the 
Genealogical  Society of the M o r m o n  Church,  who survived to 
adu l thood  and  marr ied,  and  for whom bo th  bi r th  and dea th  
dates were recorded. Al though  Wyshak canno t  classify twins by 
zygosity, the correlat ion of  ages at  death  between pair  members  
is r = 0.14 for  464 male -male  pairs (P < 0.01) and  r = 0.24 for  216 
female-female pairs ( P <  0.01). Restr ict ing the sample to pairs 
with bo th  deaths under  60 years of age increases the correlat ions 
to r = 0.53 for 55 ma le -male  pairs and  r = 0.31 for  37 
female-female pairs (Wyshak 1981). The values we obta ined  are 
r = 0.33 for 164 M Z  and  r = 0.26 for 146 D Z  male twins (Table  7). 
The correlat ions in our  sample will p robab ly  also become 
smaller when the Twin Registry subjects reach the end of  their  
life span and  their  ages at  death  a t ta in  the greatest  variance.  
Both Wyshak 's  (1981) and  our  est imates of correlat ions in ages 
at early dea th  are similar to the te t rachoric  correlat ions (r) we 
obta ined  in est imating the heri tabi l i ty of the liability to dea th  
(h2), namely,  r = 0.42 for M Z  and  r = 0.18 for D Z  twins. 
Consider ing the sampl ing variabil i ty of  each of these estimates, 
the results appear  quite comparable .  

Heri tabi l i ty  of  the liability to death  (h 2) cannot  be evaluated 
using Wyshak ' s  data.  However ,  Ja rv ik  et al. (1960) present  data  
on deaths after  age 60 years in pairs with at least one twin 
reaching age 60. Their  sample was compiled from a variety of  
sources, including general  and  psychiatr ic  hospitals  and  homes  
for the aged. When  only the pairs with bo th  twins alive at age 60 
are evaluated,  the case concordance  rates of  dea th  in the 
following 12 years are 69.3% for M Z  and  72.4% for D Z  male 
twins. The result ing estimates of the heritabil i ty of  liability to 

h 2 death in tha t  12-year per iod are = r =  0.23 in the 198 M Z  and  
h2= 2 r=  0.68 in the 171 D Z  eligible pairs. Our  values ofh  2 are 0.42 
and  0.35, respectively, for the two zygosity groups (Table 6). 
Jarvik et al. 's h igher  concordance  rate for D Z  than  for M Z  twins 
suggests especially s t rong env i ronmenta l  effects in the D Z  group. 
The inst i tut ional  na ture  of  tha t  sample p robab ly  tends to 
exaggerate concordance.  On the o ther  hand ,  the 90% lower 
confidence limit on h 2 for the D Z  twins is 0.19, and  the high D Z  
values observed may only be due to sampling variat ion.  
Obviously, more long-term follow-up of  large samples of twins 
is desirable. In our  sample much  of the genetic de terminat ion  of 
mortal i ty  is yet to exert its effect. Nevertheless,  this and  the other  
twin morta l i ty  studies make clear that ,  in the t ime periods and 
popula t ions  tha t  they represent,  env i ronmenta l  factors are at  
least as impor t an t  as genetic ones in de termining  life span and 
overall mortal i ty.  
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