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This study explores the effects of early-life and middle-life conditions on exceptional longevity using two matched case-control studies. The first study compares
198 validated centenarians born in the United States between 1890 and 1893 to their
shorter-lived siblings. Family histories of centenarians were reconstructed and exceptional longevity validated using early U.S. censuses, the Social Security Administration
Death Master File, state death indexes, online genealogies, and other supplementary
data resources. Siblings born to young mothers (aged less than 25 years) had significantly higher chances of living to 100 compared to siblings born to older mothers
(odds ratio = 2.03, 95% CI = 1.33–3.11, p = .001). Paternal age and birth order
were not associated with exceptional longevity. The second study explores whether
people living to 100 years and beyond differ in physical characteristics at a young
age from their shorter-lived peers. A random representative sample of 240 men who
were born in 1887 and survived to age 100 was selected from the U.S. Social Security
Administration database and linked to U.S. World War I civil draft registration cards
collected in 1917 when these men were 30 years old. These validated centenarians
were then compared to randomly selected controls who were matched by calendar year
of birth, race, and place of draft registration in 1917. Results showed a negative association between “stout” body build (being in the heaviest 15 percent of the population)
and survival to age 100. Having the occupation of “farmer” and a large number of children (4 or more) at age 30 increased the chances of exceptional longevity. The results
of both studies demonstrate that matched case-control design is a useful approach in
exploring effects of early-life conditions and middle-life characteristics on exceptional
longevity.

Introduction
Studies of centenarians (persons living to age 100 and over) are useful in identifying factors
leading to long life and avoidance of fatal diseases. Even if some childhood or middlelife factors have a moderate protective effect on the risk of death, this longevity advantage
This study was supported by the U.S. National Institute on Aging (Grant R01 AG028620).
We are grateful to two anonymous reviewers for their constructive criticism and useful suggestions.
Earlier results of this study were presented and discussed at the 2006 and 2008 annual meetings
of the Population Association of America, the 2008 annual meeting of the Gerontological Society
of America, the 2008 Society of Actuaries “Living to 100 and Beyond” international symposium,
and the 2007 and 2009 annual meetings of the International Network on Health Expectancy and the
Disability Process (REVES).
Address correspondence to Leonid A. Gavrilov, Center on Aging, NORC at the University of
Chicago, 1155 East 60th Street, Chicago, IL 60637, USA. E-mail: gavrilov@longevity-science.org

14

Downloaded by [University of Chicago] at 14:07 10 May 2012

Biodemography of Exceptional Longevity

15

would result in the accumulation of long-lived persons who experienced the effects of these
factors. Thus, the study of centenarians may be a sensitive way to find genetic, familial,
environmental, and life-course factors associated with lower mortality and better survival.
Most studies of centenarians in the United States focus on either genetic (Barzilai
and Shuldiner 2001; Barzilai et al. 2006; Hadley et al. 2000; Puca et al. 2001) or psychological (Adkins, Martin, and Poon 1996; Hagberg et al. 2001; Jang, Poon, and Martin
2004; Martin, da Rosa, and Siegler 2006) aspects of survival to advanced ages. However,
several theories suggest that early-life events and conditions may have significant longlasting effects on survival to advanced ages (Barker 1992; Fogel and Costa 1997; Gavrilov
and Gavrilova 1991; Kuh and Ben-Shlomo 1997). These ideas are supported by a number of studies that demonstrate the significant effects of early-life conditions on late-life
mortality (Alter and Oris 2005; Ben-Shlomo and Kuh 2002; Bengtsson and Mineau 2009;
Costa 2003; Elo and Preston 1992; Gavrilov and Gavrilova 2003; Hayward and Gorman
2004; Smith, Mineau et al. 2009). The existence of correlations between early growth
patterns and subsequent fitness has been established for both human beings and several
other mammalian species (Lummaa and Clutton-Brock 2002). Centenarian studies may be
a useful way to identify early-life factors and conditions that affect survival to advanced
ages.
At the same time, studies of centenarians face significant difficulties in collecting reliable data and finding appropriate study design and methodology. Survival to age 100 is a
rare event (only two men and 14 women out of one thousand from a 1900 birth cohort survived to age 100), and therefore traditional methods of population-based sampling are not
feasible for obtaining large samples of centenarians. The case-control design, however, has
proved to be the most appropriate and cost-effective approach for studies of rare conditions
(Breslow and Day 1993; Woodward 2005) and is thus extremely useful for centenarian
studies. The classic case-control design can be expanded in a variety of ways, with one
such expansion being a design suggested by Preston, Hill, and Drevenstedt (1998). In this
design, the case is identified as survival to advanced ages (rather than disease or death),
and relative survival probabilities are used instead of odds ratios.
Studies of the effects of early-life conditions on exceptional longevity face additional difficulties from possible confounding resulting from between-family variation in
childhood socioeconomic conditions and parental genetic background. It has been suggested that one possible solution to these challenges is to compare associations within
sibships while adjusting for the fact that socioeconomic and genetic backgrounds are similar for siblings from the same family (Gavrilov and Gavrilova 2001; Smith, Gagnon et al.
2009).
In this article, we present two studies that use matched case-control design to analyze
the effects of early-life and middle-life characteristics on individuals’ survival to age 100.
In the first study, we attempt to find out why centenarians differ from their shorter-lived
siblings. In the second study, we compare centenarian characteristics recorded at a young
age to similar characteristics of peers who did not survive to this advanced age. For both
studies, we describe new historical data resources that proved useful in conducting our
research, as well as the potential problems of handling these data.

Study 1: Why Centenarians Are Different from Their Shorter-Lived Siblings
The within-family design may be useful for studying the effect of parental age at reproduction (and other characteristics that vary within the same family) on exceptional longevity.
While the detrimental effects of late reproduction on adverse reproductive outcomes and
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genetic diseases has been well documented (Bottini et al. 2001; Gavrilov and Gavrilova
1997; Pellestor, Anahory, and Hamamah 2005), less is known about the long-term effects
of delayed parenting on the health and longevity of adult offspring. Empirical evidence
shows that the quality of female eggs in human beings rapidly declines with age (Bickel
2005; Pellestor, Anahory, and Hamamah 2005), and that this deterioration starts rather
early, before age 30 (Heffner 2004). However, our previous studies did not detect an association between maternal age and offspring mortality in historical populations of European
aristocracy (Gavrilov and Gavrilova 1997; Gavrilov and Gavrilova 2000; Gavrilov and
Gavrilova 2001). Crow (1997; 2000) has suggested that paternal age at reproduction is
the main factor determining human spontaneous mutation rate. A number of studies have
demonstrated that advanced paternal age may be detrimental to the survival of adult
offspring (Gavrilov and Gavrilova 1997; Gavrilov and Gavrilova 2000; Smith, Mineau,
et al. 2009), although other studies have failed to show this effect (Hubbard, Andrew, and
Rockwood 2009; Robine et al. 2003).
We believe that the within-family design is a useful way to study parental age effects
on offspring longevity. This article presents the results of applying a within-family design
to the study of the effects of parental age and birth order on exceptional longevity. For
this purpose, we collected family histories of 671 putative centenarians born in the United
States between 1890 and 1899 and conducted thorough validation of their birth and death
dates. Then, for a subsample of 198 centenarians born between 1890 and 1893, we carried
out an additional search for detailed information about all sample members’ siblings. This
procedure allowed us to create a sample of centenarians with information on their siblings’
lifespans.

Study Design
This study explored the effects of early-life factors (birth order, paternal age, maternal age) on individuals’ likelihood of survival to an advanced age. Centenarians (cases)
were compared to their “normal” shorter-lived siblings (controls) using a within-family
approach.
The study applied a case-sibling design (see Figure 1), a variant of a matched casecontrol design in which siblings of cases (long-lived individuals) are used as controls
(Woodward 2005). This approach allows investigators to study within-family differences
without being confounded by between-family variation. Long-lived persons born between
1890 and 1893 were used as cases. Siblings born no more than 10 years apart from the
cases were used as controls to maximize similarity in family conditions and minimize the
risk of lifespan being unknown for later-born siblings who were still alive by the time
of data collection and hence could survive to age 100 in the future. As a result, controls
were born between 1881 and 1902, and the sample included only three persons born after
1899 for whom we had no information on death dates and who could potentially be alive
at the time of our study and survive to age 100. Taking into account the rarity of survival
to age 108, it is safe to assume that these persons were dead by the time of our study and
did not become centenarians. Therefore, we believe that centenarian status was correctly
established for almost all siblings in our study.
The main approach used in this study is based on comparison of children within, rather
than across, families. Within a family, children are born to parents at different ages, and this
variation may be used to estimate the net effect of parental age more conclusively (Kalmijn
and Kraaykamp 2005).
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Figure 1. Description of case-sibling design.
Note: Circles indicate births and diamonds indicate deaths.

Data Collection and Quality Control
Family histories (genealogies) have long been a useful source of information for studies in
historical demography (Adams and Kasakoff 1984; Adams and Kasakoff 1991; Anderton
et al. 1984; Anderton et al. 1987; Bean, Mineau, and Anderton 1992; Kasakoff and Adams
2000) and biodemography (Gavrilov and Gavrilova 2001; Gavrilov et al. 2002; Kerber et al.
2001). In study, data on long-lived individuals (persons surviving to age 100 and beyond)
were collected from computerized family histories available online at Rootsweb.com.
Specifically, we extracted family data for 671 alleged centenarians born in the United
States between 1890 and 1899 from publicly available computerized family histories of
about 75 million individuals identified earlier by Gavrilova and Gavrilov (1999).
Data quality control is an important part of all centenarian studies, and in our case,
it included (1) preliminary quality control of computerized family histories (data consistency checks), (2) verification of centenarians’ death date, and (3) verification of birth dates
for centenarians and their siblings (controls). All records for both centenarians and controls were subjected to verification and quality control procedures using independent data
sources. We were primarily concerned with the possibility of incorrect reporting of dates in
family histories. Previous studies have demonstrated that age misreporting and exaggeration in particular are more common among long-lived individuals (Elo et al. 1996; Hill et al.
2000; Jeune and Vaupel 1999; Rosenwaike and Hill 1996; Rosenwaike and Stone 2003;
Rosenwaike et al. 1998; Shrestha and Rosenwaike 1996; Young et al. 2010). Therefore,
we were careful to verify the ages of long-lived individuals in our study. To do so, we
followed the age verification and data linkage approach developed by a team of demographers at the University of Pennsylvania (Elo et al. 1996; Hill et al. 2000; Preston et al.
1996; Rosenwaike and Hill 1996; Rosenwaike and Stone 2003; Rosenwaike et al. 1998).
This approach uses the Social Security Administration Death Master File (DMF) to verify
death dates and early U.S. censuses to verify birth dates. In this study, records from family
histories were first linked to DMF records for death date validation and then to U.S. census
records for the years 1900, 1910, and 1920 for birth date validation.
The DMF is a publicly available data source that allows users to conduct a search
for individuals using various criteria such as birth date, death date, first name, last name,
Social Security number, and place of last residence. The DMF records deaths that occurred
from 1937 to the present and captures about 95% of deaths recorded by the National Death
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Index (Sesso, Paffenbarger, and Lee 2000). Many researchers suggest that Social Security
Administration data for older persons are superior to vital statistics records because the
application processes for Social Security numbers and Medicare have strict evidentiary
requirements, whereas age reporting for death certificates relies on proxy informants (Faig
2001; Kestenbaum 1992; Kestenbaum and Ferguson 2001; Rosenwaike and Stone 2003).
We established definite match when information on first and last names (spouse’s last
name for women) and day, month, and year of birth agreed in both DMF and family history
(Sesso, Paffenbarger, and Lee 2000). In the case of disagreement in day, month, or year of
birth, the validity of the match was verified on the basis of agreement between place of last
residence and place of death.
The lack of a match between family history and DMF records could occur for a number
of reasons: a misprint in genealogy, a missing Social Security record (particularly if the
person did not use Medicare benefits), difficulty in matching a person with a common
name in the absence of identical dates, and so on. The DMF covers about 90 percent of all
deaths for which death certificates are issued (see Faig 2001) and about 92 to 96 percent of
deaths for persons older than 65 years (Hill and Rosenwaike 2001). Further investigation
of nonmatched cases using additional data sources (e.g., obituaries, state collections of
death certificates) revealed that about half of nonmatched cases were related to misprints
in genealogies and about 20 percent of nonmatched cases contained correct death dates (as
confirmed by linkage to state death indexes), although they were not recorded in the DMF.
It should be noted that the success rate for linkage to DMF records was substantially
higher for persons born after 1889, at 82 percent. This result is consistent with previous
studies that reported lower quality and coverage of the DMF database for persons born
before 1890 (Faig 2001).
Next, birth dates for the 534 records of persons with confirmed centenarian status
born after 1889 and matched to the DMF were verified through linkage to early census
data. This verification was accomplished using data from the 1900 U.S. census recorded
when the person was a child (when age exaggeration is less common, compared to claims
of exceptional longevity made at old age). Preference was given to the 1900 census because
of its greater completeness and detail in regard to birth date verification (containing both
month and year of birth) compared to the 1910 and 1920 censuses. If a person could not be
found in the 1900 census, then we searched for him or her in the 1910, 1920, and 1930 censuses. The online availability of the entire indexed U.S. 1900, 1910, and 1920 censuses—as
provided by Genealogy.com and Ancestry.com—and supplementary information in family
histories allowed us to obtain a good linkage success rate of 91 percent. Using the census indexes, we conducted a search on the following variables: first names, last names
(including Soundex, a four-character code to evaluate the similarity of pronounced words),
state, county, township, birthplace, birth year (estimated on the censuses), immigration
year, and relation to head-of-household. A definite match was established when information on parents and all their children (name, order, age, place of birth) were the same in
both census and family history records (a one-year disagreement in ages for some children
was allowed). Possible matches were established when most of these components matched
but one or two variables disagreed. Children residing outside the parental household (e.g.,
boarding school, hospital) were identified on the basis of their name, month, and year of
birth, place of birth, and proximity to parental household. For possible matches, additional
attempts were made to find information in supplementary sources (state birth, death, and
marriage indexes; state censuses) and verify their validity.
In the overwhelming majority of cases, comparison of family history and census information on birth dates, birthplaces, and names of siblings produced unambiguous matches.
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The success of this large-scale linkage effort helped us to alleviate some initial concerns
related to the possibility that parents might have named children for a deceased sibling,
the lack of distinction between half- and full-siblings in some census records, the practice
of placing children in other households as a result of family circumstances, and the difficulties of both name similarities and the frequent name changes that were produced by
“Americanization” attempts during the early 1900s.
Data consistency checks (an initial step of centenarian age validation) revealed a surprisingly small number of obvious inconsistencies in computerized genealogies. In one
case, the alleged centenarian had parents with incorrect birth dates (indicating that the
parents were born later than the person himself). This case was dropped from the study.
In another case, the centenarian’s father was unusually old (62 years) when the centenarian
was born. This situation is not impossible, however, so we retained this case for further validation. (Because this case was later confirmed through the DMF but not found
in early censuses, it was ultimately not included in the final analyses.) No other records
revealed obvious inconsistencies in event dates, so 990 records were passed on for further
verification.
Of the 671 centenarians found in family histories, 551 (82 percent) were successfully linked to the DMF. Centenarian status for 534 of these individuals (80 percent) was
confirmed—that is, we confirmed that according to their DMF death date, these individuals lived more than 100 years. For 17 persons, the death year reported in the DMF was
one to two years lower than the death year reported in the genealogical record, indicating
that they lived fewer than 100 years, so these individuals were excluded from later steps
of the verification process. Of the 534 records with validated death dates, 485 (91 percent)
were successfully linked to early U.S. census records. The success rate for linking records
found in the DMF to early U.S. census records was 91 percent, which was significantly
higher than rates reported by previous studies, which ranged between 39 and 75 percent
(Guest 1987; Rosenwaike and Stone 2003; Rosenwaike et al. 1998). The overall number
of validated records in this age validation study was also acceptable, at 72 percent. Table 1
shows the results of the linkage process between genealogical data and DMF and early
census data.
Because of the possibility of linked individuals differing from the total sample in a
variety of ways, we tested the data for nonmatch bias. Table 2 compares estimates for
the linked sample with the nonlinked group for selected characteristics available from
online family history records. To estimate the degree of nonmatch bias, we conducted
two multivariate logit models predicting the genealogical data’s linkage to (1) DMF and
Table 1
Results of linking genealogical records of centenarians first to the Social Security
Administration Death Master File (DMF) and then to early U.S. censuses
Centenarians born in 1890–99
Steps of data verification
Initial number of records
Number of records found in DMF
Number of records found in early
censuses

Males

Females

Both sexes

160 (100%)
130 (81%)
115 (72%)

511 (100%)
421 (82%)
370 (72%)

671 (100%)
551 (82%)
485 (72%)

20
0.758 (0.039)
99.6† (13.8)
4.3 (3.2)
7.6 (3.5)
0.425 (0.045)
0.700 (0.042)∗∗∗
2.2 (3.0)
73.4 (16.4)
75.2 (19.3)

0.907 (0.012)∗∗∗
2.5 (2.8)
73.9 (14.2)
73.7 (17.3)

Nonmatched
(N = 120)

0.764 (0.018)
101.7 (1.2)
3.6 (2.7)
7.1 (3.5)
0.347 (0.020)

Matched
(N = 551)

0.907 (0.013)
2.6 (2.9)
74.2 (14.0)
73.9 (17.2)

0.763 (0.019)
101.3 (1.2)
3.6 (2.7)
7.1 (3.4)
0.328 (0.021)∗

Matched
(N = 485)

0.918 (0.040)
2.3 (2.5)
71.9 (16.8)
70.4 (20.0)

0.837 (0.053)
101.0 (0.8)
3.6 (2.8)
6.1 (3.8)
0.489 (0.072)∗

Nonmatched
(N = 49)

Linkage to 1900 census

Notes: ∗ p < .05; ∗∗∗ p <.001; † initial selection of centenarians was based on the difference between death and birth years, so some centenarians did not survive
a few months to their 100-year birthday.

Proportion of women
Age at death
Birth order
Sibship size
Proportion born in the
Southern state
Proportion ever married
Number of children
Paternal lifespan
Maternal lifespan

Characteristic

Linkage to DMF

Table 2
Mean values and proportions (standard deviations) across matched and nonmatched subgroups
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(2) early census records (Rosenwaike et al. 1998). There was no significant difference
between individuals who were successfully linked to DMF or early census records and
nonlinked individuals regarding birth year, birth order, sibship size, age at death, parental
lifespan, or gender. However, individuals linked to DMF records were more likely to have
been married. Although marital status was not specifically analyzed in previous studies
of DMF linkages (Rosenwaike et al. 1998), prior research has noted that death certificate information for nonmarried persons is significantly less accurate than information
recorded for married persons. DMF death reporting is likely to be less accurate for single individuals rather than individuals with many relatives. Previous studies of linkages
between genealogical records and early census records have revealed that a birthplace in
the southern states is associated with a significantly lower likelihood of being linked to census records (Rosenwaike and Stone 2003; Rosenwaike et al. 1998), which is most likely
caused by lower enumeration rates for southern states in the 1900 census (Rosenwaike and
Stone 2003).
Our study observed no nonlinkage bias for the majority of the analyzed characteristics.
Better representation of married individuals in the DMF and persons born in non-southern
states in the census records is most likely caused by better coverage of these groups in
the original data sources (DMF and censuses), rather than by the properties of the linkage
procedure. Compared to other linkage studies, the percentages of nonlinked records in
our sample are rather low, and they are lower than nonresponse rates in many population
surveys (Groves 2006).
As our next step, we extracted 198 records of centenarians born between 1890 and
1893 from our sample of validated centenarians born between 1890 and 1899 for additional
reconstruction of sibship structure and sibling lifespan in order to conduct within-family
analyses. To meet this aim, we reconstructed complete family histories of the selected
198 centenarians using census records, Social Security Administration data, genealogical
records, and other supplementary data resources. We reconstructed all birth dates of
centenarian siblings using information available in computerized genealogies and early
census records. DMF verification of death dates was not feasible for validating the death
dates of shorter-lived siblings (used as controls), because DMF data completeness is not
very high for deaths occurring prior to the 1970s (when systematic death date reporting
began; see Faig 2001). State death indexes, cemetery records, and obituaries cover longer
periods of time. Taking into account that finding exact ages of death for controls is not particularly important for purposes of comparison (it is sufficient to assume that shorter-lived
siblings did not survive to age 100), we relied on death date information recorded in family
histories for siblings not found in external sources. This approach was used previously in
the Utah Population Database study for individuals who died before 1932 (Kerber et al.
2001).
When all reported siblings (N = 1,141) in our family history reconstruction, including
those who died in childhood, were taken into account, each case (centenarian) had an
average of six control siblings. This average sibship size (seven siblings) in our centenarian
families is higher than the average number of children in American families reported by the
1900 U.S. census—5.12 ± 0.01 (Ruggles et al. 2010). The larger sibship size in centenarian
families compared to sibship size in the general population can be explained by two factors:
first, genealogies are more likely to be compiled for larger families, and second, longerlived individuals in the United States have historically been born more often in rural areas
with higher fertility rates (Gavrilova and Gavrilov 2007; Preston, Hill, and Drevenstedt
1998).
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As a result of family reconstitution efforts, we were able to identify death dates for
930 siblings using DMF records, state death indexes, and online genealogies. In those
cases in which information on siblings’ death dates was not available, we confirmed these
individuals’ survival to adulthood on the basis that they had spouse(s). There were 97 such
cases. Birth order of all putative first-born centenarians was verified using available data
from early censuses. To control for historical changes in living conditions, only data for
siblings whose birth dates did not differ by more than 10 years from the centenarian’s birth
date were used for further statistical analyses (763 cases).
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Variables and Statistical Methods
In this study, we analyzed family variables that vary within a family and are available
in computerized genealogies: maternal and paternal age at reproduction and birth order.
Maternal and paternal ages were available for all siblings because parents’ birth years
were available in both computerized genealogies and early census records. Information
about birth order was taken from genealogies and verified using early censuses (census
information per se could not be used for birth order identification because of possible
incompleteness of sibship in census records).
Statistical analyses of within-family effects were performed using a conditional multiple logistic regression model (fixed-effect model) to investigate the relationship between
an outcome of being a case (a long-lived person) and a set of prognostic factors (Breslow
and Day 1993; Hosmer and Lemeshow 2001). The fixed-effects logit model can be written
as
Pr(yit = 1 |xit ) = F(αI + Xit β)
where F(z) = exp(z)/(1 + exp(z)) is a cumulative logistic function; i = 1, 2, . . . n denotes
the families (independent units); t = 1, 2, . . . Ti denotes children for the ith family; and xit
denotes the vector of within-family covariates, including maternal age and birth order. The
likelihood to survive to an advance age (i.e., to be in the long-lived group) is the dependent
variable. Analyses were conducted using Stata statistical software, version 11 (StataCorp
2009). The model also included the variables for birth order, paternal age, maternal age,
and sex (male or female).
Results and Discussion
We found that the odds of becoming a centenarian are 1.8 times higher for first-born
children compared to their later-born siblings from exactly the same family (see Table 3).
The next question that we explored concerned the role of child mortality, which was
very common a century ago, when the studied centenarians were born. If first-born children
were more likely to survive to adult age because of this selective child survival, this factor
might make centenarians more prevalent among first-born offspring. To test this hypothesis, we re-analyzed the data and included only those siblings who survived to adulthood
(with an adult defined as a person who married or lived 20 or more years). This analysis found that even for adult persons, the odds to live to 100 are almost twice as high for
first-born persons than for their later-born siblings (see Table 3).
We then explored the role of paternal and maternal ages at reproduction as a potential
explanation for the birth order effect using data for siblings who survived to adulthood.
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2.13∗∗∗ (1.49–3.07)
2.23∗∗∗ (1.49–3.36)
2.15∗∗∗ (1.43–3.21)

2.02∗∗ (1.30–3.14)
2.12∗∗ (1.27–3.54)
1.83∗ (1.12–2.98)

636

548

2.18∗∗∗ (1.52–3.13)

2.15∗∗∗ (1.50–3.09)

2.47∗∗∗ (1.74–3.52)
2.18∗∗∗ (1.52–3.14)

Female sex

797

Born to young
mother (< 25 y)

2.16∗∗∗ (1.50–3.11)

1.52 (0.93–2.48)

797

1.10 (0.52–2.32)

1.76 (0.93–3.33)

Born to young father
(< 25 y)

1.67∗ (1.01–2.76)

1.88∗ (1.13–3.14)

1.77∗∗ (1.18–2.66)
1.95∗∗ (1.26–3.01)

First-born status

797

797

950
797

N

Notes: ∗ p < .05; ∗∗ p <.01; ∗∗∗ p < .001; † blank entries indicate that variable was not included in the model; †† adulthood is defined as survival to age 20 or being married
when death date could not be identified.

Model 1: All siblings
Model 2: Siblings survived to
adulthood††
Model 3: Siblings survived to
adulthood
Model 4: Siblings survived to
adulthood
Model 5: Siblings survived to
adulthood
Model 6: Siblings survived to
adulthood
Model 7: Siblings survived to
adulthood; both parents
survived to age 50
Model 8: Siblings survived to
age 75

Model†

Table 3
Odds ratios (95% confidence intervals) to become a centenarian as predicted by conditional logistic regression (fixed effects): Effects of parental age
and birth order
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We found that young (under 25 years) paternal age had no statistically significant association with odds of survival to age 100 (see Table 3, Model 3). Ultimately, a young father’s
age was far less important than first-born status in predicting the chances of exceptional
longevity (see Table 3, Model 4). Old paternal age (over 50 years) also had no effect on
survival to age 100 (data not shown here). Thus, we did not find a significant association
between paternal age and longevity in this within-family study.
Finally, we included maternal age in the analysis and found that young maternal age
(under 25 years) at childbirth was the most important predictor of exceptional survival,
making the birth order effect statistically insignificant. These findings indicate that the
beneficial effect of being first-born is driven mostly by young maternal age at a person’s
birth (see Table 3, Model 5). Even at age 75, being born to a young mother is still important
for survival to 100 years, because the odds of exceptional survival are 1.8 times higher for
first-born siblings than for later-born siblings (see Table 3, Model 8). Taking into account
that birth order and parental age at reproduction may be functions of parental survival,
we repeated our analyses for the offspring of parents who survived to age 50 and hence
realized their reproductive potential. The results obtained for this sample (see Table 3,
Model 7) are not different from the results obtained for the total sample of siblings who
survived to adult age (see Table 3, Model 6). It is interesting that the survival benefits of
being born to a young mother are observed only when the mother is younger than 25 years
(see Figure 2).

3

2.5
Odds ratio to become a centenarian
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Figure 2. Odds ratio to survive to 100 years as a function of maternal age at person’s birth.
Note: Data for persons born to a mother aged 25–29 years are treated as a reference category. Data
are based on a logistic regression model, which includes five categories of maternal age and gender
as covariates.
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Thus, multivariate within-family analysis of birth order effects on human longevity
revealed that a mother’s young age is responsible for the apparent beneficial effects of
first-born status on longevity. The within-family approach has great advantages over other
methods, because it is free of the confounding caused by between-family differences.
However, it remains to be seen whether the observed effect could be reproduced in further
studies.
The finding of the beneficial effect of maternal age on human offspring survival to
age 100 may have a biological explanation. There is empirical evidence that the quality of female eggs in humans rapidly declines with age (Bickel 2005; Pellestor, Anahory,
and Hamamah 2005), and this deterioration starts early—before age 30 (Heffner 2004).
Maternal age influences the biology of the mother-fetus relationship, with increasing age
having a negative effect on fetal development and predisposition to severe diseases such as
type I diabetes (Gloria-Bottini et al. 2005).
Experiments on laboratory mice have found that the offspring born to younger mothers live longer, with the largest effects being observed at later life (Tarin et al. 2005). Other
studies have found that hormonal profiles in pregnant mice differ depending on maternal age (Wang and vom Saal 2000). This may explain why adult offspring of adolescent
(35 days old) and middle-aged (9 months old) mothers have lower body weight and more
delayed puberty than offspring born to young adult mothers (3 months old), and why, similarly, male offspring of this same group have smaller reproductive organs than offspring
born to young adult mothers (Wang and vom Saal 2000). Wang and vom Saal (2000) have
further demonstrated a transgenerational effect of maternal age in mice, with the birth
weight of offspring depending on their grandmothers’ age at pregnancy (Wang and vom
Saal 2000). Delayed motherhood in mice has also been demonstrated to have negative
effects on behavioral traits of young adult offspring (Tarin et al. 2003).
Data on the long-term effects of maternal age on human offspring are scarce. One
study showed that the lifespan of children decreases with increasing maternal age (KemkesGrottenthaler 2004). Our earlier studies have not detected an association between maternal
age and offspring mortality in historical populations of European aristocracy (Gavrilov
and Gavrilova 1997; Gavrilov and Gavrilova 2000), but we believe that this might be due
to some limitations in the tools used to analyze the data, such as the absence of a control
for within-family variation. These earlier between-family studies also found that an older
paternal age is related to a lower lifespan for adult daughters (Gavrilov and Gavrilova
2000; Gavrilov et al. 1997). Smith and colleagues also found a detrimental effect of very
old paternal age (70 or more years) on the mortality of daughters using between-family
analysis of data from the Utah Population Database (Smith, Mineau et al. 2009). The
authors admit the difficulty of determining whether this paternal age effect is due to a
higher level of germ-line mutations in the sperm of old fathers or whether it is due to problems of having been reared by old parents. This study showed a very moderate negative
effect of old maternal age (35 or more years) on the survival of sons (Smith, Mineau, et al.
2009).
The fact that offspring’s lifespan depends on maternal age at their birth, even in laboratory animals, indicates that some fundamental biological mechanisms may be involved.
One plausible hypothesis posits that changes in genomic imprinting in oocytes of aging
females may be a factor in determining lifespan (Comings and Macmurray 2001; Comings
and MacMurray 2006). Another plausible biological hypothesis concerns the “telomere
theory of reproductive senescence” in females (Keefe et al. 2005), which posits that eggs
ovulating in older females have shorter telomeres because of late exit from the oogonial
“production line” (Polani and Crolla 1991) during fetal life, with incomplete restoration of
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telomere lenght by telomerase (Keefe et al. 2005). Telomeres are DNA repeats that cap and
protect chromosome ends, so that longer telomeres in the eggs of younger females may be
beneficial for offspring lifespan. However, in human beings, sociobehavioral mechanisms
may also be involved in lifespan determination, in addition to more general biological
mechanisms. For example, it is possible that maternal-age effects in human beings are
mediated through the length of mothering (i.e., duration of maternal care and supervision).
Children born to young mothers (under 25 years) are exposed to maternal care for a longer
time on average than later-born offspring. One study has shown that maternal support is not
distributed evenly within a sibship, with daughters often being given a preference (Suitor,
Pillemer, and Sechrist 2006). The mothering hypothesis also implies the need for close
geographical proximity between a mother and her grown child to allow long-term maternal care and influence to manifest itself through personal interactions. For example, Smith
and colleagues found that “mothers who are not physically proximate to their adult offspring elevate the risks of mortality of the offspring” (Smith et al. 2005). Another possible
sociobehavioral explanation of observed maternal age effects in human beings is the mediation of these effects through the size of an individual’s social support group (numbers
of younger siblings) that could provide care and support in later life. More research is
needed to disentangle the role of biological and social mechanisms in maternal age effects
on human longevity.

Study 2: Midlife Physical Characteristics and Longevity
The incorporation of physical characteristics into demographic analysis of mortality
widens the scope of explanatory variables in biodemographic research on health outcomes (Crimmins and Seeman 2000). For example, early studies linked low birth weight
to increased mortality from cardiovascular disease later in life (Barker 1992; Barker et al.
1993), but later research demonstrated that the relationships between birth weight, adult
age adiposity, and late-life diseases are complex, with both poor growth during fetal life
and infancy and rapid catch-up growth and childhood weight gain contributing to subsequent disease risk (Wells 2007). Unfortunately, detailed birth weight information is not
yet available for historical populations and centenarian cohorts. However, an individual’s
height at young adult age seems to be a good indicator of his or her nutritional and infectious disease history, at least in historical data (Alter 2004; Alter, Neven, and Oris 2004; Elo
and Preston 1992). Most studies have found a negative relationship between body height
and mortality later in life (Elo and Preston 1992; Waaler 1984), including studies of Union
Army veterans (Costa 1993b; Costa and Lahey 2005; Fogel and Costa 1997) and studies of
modern Norwegian males (Costa 1993a; Costa 1993b; Costa and Lahey 2005; Fogel and
Costa 1997). Infectious diseases (and diarrheal diseases in particular) can result in growth
retardation, leading to shorter adult height. For example, conscripts from high-mortality
districts of antebellum New York were shorter than those from healthier districts (Haines,
Craig, and Weiss 2003).
Adult body height is affected by both environmental (early-life nutrition and exposure
to infections) and genetic factors. Lauderdale and Rathouz (1999) have hypothesized that
familial resemblance in height was suppressed in the past because of early environmental effects. Preston and Haines (1991) have suggested that the U.S. population at the end
of the nineteenth century had relatively good nutritional status but a very high burden of
infections. Thus, we may hypothesize that the low height of men born at the end of the
nineteenth century is related to the infectious diseases from which they suffered during
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childhood. If the hypothesis that childhood infections may cause late-life chronic diseases
is correct (Finch and Crimmins 2004), we may expect centenarians at young adult ages to
be taller on average than their peers who did not survive to advanced ages. According to
this hypothesis, “chronic inflammatory mechanisms drive much of the influence of earlylife infections on later morbidity and mortality” (Finch and Crimmins 2004), and “height is
also linked to infections and the inflammatory response [in childhood],” because “if infections occur during development, substantial energy is reallocated at the expense of growth,
as required by the body for immune defense reactions and for repair” (Crimmins and Finch
2006). Thus, one may expect centenarians to be taller at young adult ages than their noncentenarian peers, because they should have experienced fewer childhood infections, which
are detrimental to both body growth and subsequent longevity.
An alternative view has been suggested by Samaras, who believes that rapid growth
and maximum height attainment are not desirable goals (Samaras 2009; Samaras and
Storms 2002). His findings suggest that men with lower height and weight live on average longer than their taller and heavier peers (Samaras and Storms 1992; Samaras, Storms,
and Elrick 2002). Studies of different strains and breeds of dogs, rats, and mice have also
showed that smaller animals live on average longer than their larger counterparts within a
given species (Li et al. 1996; Michell 1999; Miller, Chrisp, and Atchley 2000; Patronek,
Waters, and Glickman 1997; Samaras, Elrick, and Storms 2003). Some biologists believe
that rapid growth may be harmful, and that somewhat delayed maturation may be beneficial
for longevity and health (Rollo 2002).
Centenarians’ body size during their young years remains unclear. Historical studies
suggest that centenarians should be on average much taller than their peers as a result of
better nutrition and avoidance of diseases early in life. However, existing biological data
predict that centenarians should have been shorter than the average height. Chan, Suzuki,
and Yamamoto (1999; 1997a; 1997b) have reported that Japanese centenarians are shorter
than persons of average lifespan, although these studies measured centenarians at old age,
when their height had already decreased. Studies of centenarian body size at young adult
age would help to resolve the existing controversy regarding the relationship between body
size and longevity.
In this study, we compare male centenarians at age 30 to their shorter-lived peers using
data from the U.S. World War I Civilian Draft Registration Card register, available online
through Ancestry.com. The uniqueness of this data source lies in its wealth of information
on the physical characteristics of draft-registered men, including data on body height and
build. These data allowed us to analyze the effects of physical characteristics at a young
age on longevity.
Study Design and Data
In this study, we applied a matched case-control design in which shorter-lived men were
matched with centenarian men by birth year, race, and county of draft registration and used
as controls (see Figure 3). This approach allowed us to eliminate the effects of birth cohort,
race, and place of draft registration on survival. The use of controls from the same geographical area (county) allowed us to mitigate a possible geographically related subjectivity
in height and build estimation.
We developed the study sample in three stages. In the first stage, we randomly selected
the records of 240 men born in 1887 and surviving to age 100 from the DMF. We used the
1887 birth cohort to avoid possible effects of birth year “heaping” (i.e., rounding up birth
years to end in 5 or 0). Furthermore, men born in 1887 reached age 30 in 1917, so their
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Figure 3. Matched case-control design of the study.
adult height would have been attained by the time of their draft registration. Given that the
DMF covers 93 to 96 percent of the deaths of persons aged 65 years and over (Hill and
Rosenwaike 2001), it was possible to apply a simple random sampling design to the data.
We can consider the 1887 birth cohort to be practically extinct now, because it is highly
unlikely that any man born in 1887 would live more than 120 years. Thus, we may expect
the DMF to contain records on almost all American centenarians born in 1887—another
advantage of selecting this birth cohort. The DMF database contains about 2,500 death
records of male centenarians born in 1887, so linking all of these entries to WWI civilian
draft registration cards would require a significant investment of time and effort. Therefore,
we opted to use a randomly selected sample of 240 (9.6 percent of the total sample) male
centenarians born in 1887. In the second stage, we linked the selected records to the WWI
civilian draft registration cards. In the third stage, we matched each centenarian record to a
control record randomly selected from the civilian draft registration records of persons of
the same birth year, race, and county of registration.
Brief Description of WWI Draft Registration Cards
In 1917 and 1918, approximately 24 million men born between 1873 and 1900 completed
draft registration cards. Men already on active duty in the military were excluded from
draft registration. Registration of eligible men has been determined to be close to 100 percent, meaning that about 98 percent of adult men under age 46 living in the United States in
1917–18 completed registration cards (Banks 2000). Instructions for filling in each question on the card were posted at all registration sites, and some local newspapers printed
copies of sample cards in the days prior to registration. In the vast majority of cases, volunteer staff at local offices filled in card information and then had the registrant sign his
name. A more detailed description of this data source is available in Banks (2000). Table 4
presents the information listed in the draft registration cards.
The linkage process was facilitated by the availability of online indexes and actual
digitized images of draft registration cards, as well as the listing of registrants’ exact
birth date (day, month, and year) and name both on the WWI draft cards and in the DMF
records. These circumstances allowed us to obtain unambiguous matches in the majority
of cases.
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Table 4
Information available from WWI draft registration cards
Group
Core demographic data
Geographical data
Working characteristics
Family characteristics
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Physical characteristics

Description
Age, date/place of birth, race, citizenship
Permanent home address
Occupation, employer’s name
Marital status, information about dependents (including
children below age 12)
Height (tall, medium, short), build (slender, medium, stout),
eye color, hair color, baldness, disability

Model Specification and Statistical Methods
Variables.
Physical characteristics. Draft registration cards reported three categories of body
height (tall, medium, or short) and three categories of body build (slender, medium, or
stout), which were this study’s main variables of interest. Additional physical characteristics reported on the cards include eye color, hair color (or baldness), and, in the case of
inability to participate in military service as a result of disability, the type of disability.
However, these cases turned out to be very rare in our sample.
Race. Race was used as a basis for matching and was not used in statistical analyses.
Place of birth. Place of birth reported in draft registration cards allowed us to identify
whether an individual was foreign-born or native-born.
Marital status. Draft registration cards either recorded that the person was married or
mentioned a wife among the person’s dependents.
Number of children. Draft registration cards recorded all persons’ children aged under
12 years. Given the unlikelihood of 30-year-old men having children older than 12 (i.e.,
becoming a father before age 18), we may suggest that draft registration cards reported
almost all existing children for men in our sample.
Occupation. Draft registration cards reported registrants’ current occupation. We classified occupations into five groups: farmers, white-collar workers (e.g., clerks, bankers),
skilled blue-collar workers (e.g., repair mechanics, machinists), service workers (e.g.,
grocers, barbers, salesmen), and unskilled workers (e.g., laborers, kitchen hands).
Statistical methods. Statistical analyses were performed using a conditional multiple
logistic regression model for matched case-control studies to investigate the relationship
between an outcome of being a case (survival to age 100) and a set of predictor variables
(Breslow and Day 1993; Hosmer and Lemeshow 2001). An important advantage of conditional logistic regression is its high statistical power (Woodward 2005), which allows
researchers to detect statistically significant effects even in samples of a relatively small
size.
When each matched set consists of a single control (1–1 matched study), the
conditional likelihood denoted as:
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−1
1 + exp(−β  (xi1 − xi0 )
i

where xi1 and xi0 are vectors representing the prognostic factors for the case and the control,
respectively, of the ith matched set (Hosmer and Lemeshow 2001). We preselected a subset
of explanatory variables for possible inclusion in a multivariate model on the basis of their
univariate analysis and conducted computations using Stata software, release 11 (StataCorp
2009).
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Results and Discussion
The overall linkage rate for DMF-reported centenarians and draft registration card data was
72.5% (174 linked records). It should be noted that not all centenarians found in the DMF
could participate in the WWI draft registration. Study of additional data sources revealed
that two persons in the DMF sample were already serving in a regular army during the draft
registration and seven persons had Social Security numbers that were issued after 1955,
suggesting late immigration. In six cases, we found misprints in DMF records (according to
their death certificates, persons were in fact born in 1987). Elimination of these noneligible
cases increased the linkage success rate to 77.3 percent. Further analysis revealed a very
high proportion of persons with Eastern European, Italian, and Spanish surnames among
nonlinked records (41 percent), compared to persons linked to the WWI draft registration
records (only 9 percent). This suggests that many individuals in the nonlinkage group could
have immigrated to the United States after 1917. This suggestion was further confirmed by
information on foreign-born status among draft registration controls. Table 5 describes the
demographic and socioeconomic characteristics of centenarians (cases) and controls.
Note that the proportion of foreign-born individuals is similar for both cases and
controls. Thus, we may conclude that the linkage rate for centenarian cases and WWI draft
registration card records was not lower for foreign-born individuals than for native-born
Table 5
Characteristics of men born in 1887 and participating in the World War I civil
draft registration
Proportion (percent)
Characteristic
Race
White
Black
Other
Foreign-born
Married
Had children
Farmer by occupation
Reported disability
Tall height
Stout build

Centenarians
(cases; n = 171)

Controls
(n = 171)

p

93.57
5.26
1.17
20.47
68.42
52.63
31.55
7.02
28.07
7.02

93.57
5.26
1.17
22.22
63.74
42.11
23.35
8.77
34.50
14.62

—
—
—
.692
.361
.051
.093
.547
.200
.024
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persons. Proportions of foreign-born individuals in our sample are very close to the proportions noted in official data. For example, the 1920 U.S. census reports the proportion
of foreign-born individuals in age group 20–44 as 17.7 percent (U.S. Department of
Commerce, 1940), which is close to our estimates. According to the same census, the
proportion of black individuals in this age group was 9.8 percent. Taking into account
the higher mortality of blacks compared to whites, it is reasonable to expect a decreasing
proportion of blacks among centenarians, as is demonstrated by our sample (see Table 5).
Comparison to official data suggests that the linkage of centenarian records to WWI draft
registration cards was not subject to significant biases regarding foreign-born status or
race.
Table 5 also contains a distribution of cases and controls according to individuals’
body height and build. Note that the “tall” category corresponds to the top 35th percentile
of the tallest men in the control population. A “stout” body build corresponds to the top
15th percentile of the heaviest men in the control population, whereas this proportion is
significantly lower in the centenarian group (see Table 5). Figure 4 shows the distribution
of long-lived and control groups according to individuals’ height at age 30.
It is interesting to note that centenarians were not concentrated among the tallest men
measured at age 30. In fact, most centenarians were of medium height, although these
differences were not statistically significant. Distribution of centenarians and controls by
their body build at age 30 is presented in Figure 5. Only 7 percent of the future centenarians
fell into the “stout” category, compared to 15 percent of the control group. The difference
in body build distribution of cases and controls was found to be significant in univariate
analyses (see Table 5). Multivariate analyses using conditional logistic regression found
that stout body build had a statistically significant association with lower survival rates to
age 100 in all three models (see Table 6).
Thus, the study of height and build of men born in 1887 suggests that obesity at
a young adult age (defined as 30 years) is detrimental to the attainment of exceptional
longevity, whereas body height is a far less important predictor of exceptional longevity.
The finding that stout body build predicts a much lower rate of survival to 100 is generally
consistent with existing knowledge about the association between high body mass index
and obesity and increased mortality (Adams et al. 2006; Flegal et al. 2005; Flegal et al.
2007). Our findings also expand this knowledge further in three ways. First, the detrimental effects of obesity may have an exceptionally long time range; that is, obesity at a young
70
60
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Figure 4. Body height at age 30 and survival to age 100, with distribution of cases (future
centenarians) and controls by height.
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Figure 5. Body build at age 30 and survival to age 100. Distribution of cases (future centenarians)
and controls by the body build category.
Table 6
Odds ratios (95% confidence intervals) of exceptional longevity (survival to age 100) for
certain physical and socio-demographic characteristics of men at age 30 using
multivariate conditional logistic regression
Characteristic
Stout body build
Slender or medium
build
Farmer by
occupation vs.
other occupation
Native born vs.
foreign born
Married vs.
nonmarried
No children
1–3 children
4+ children
Short height
Medium or tall
height
Blue/gray eyes
Light hair
Disability

Model 1

Model 2

Model 3

Reference
2.62∗ (1.19–5.77)

Reference
2.63∗ (1.17–5.89)

Reference
2.63∗ (1.13–6.12)

2.00∗ (1.09–3.64)

2.03∗ (1.09–3.78)

2.20∗ (1.16–4.19)

1.12 (0.63–1.99)

1.13 (0.63–2.05)

0.76 (0.41–1.44)

0.68 (0.35–1.34)

Reference
1.62 (0.89–2.95)
2.71∗ (0.99–7.39)

Reference
1.61 (0.87–2.98)
2.59†† (0.92–7.28)
Reference
1.35 (0.80–2.29)
1.71† (0.99–2.95)
0.64 (0.31–1.32)
0.68 (0.28–1.66)

Notes: ∗ p ≤ .05; † p = .052; †† p = .07.

adult age (30 years) is still predictive for decreased chances of survival to age 100. Second,
the significance of body build as a predictor of exceptional longevity is much higher than
the significance of all other potentially important variables, such as body height, immigration status, marital status, and occupation (with the exception that being a farmer is highly
beneficial for attaining exceptional longevity). Third, contrary to expectations based on life
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extension of calorically restricted animals (Fontana, Partridge, and Longo 2010), a “slender” body build does not improve chances of survival to 100 years. It should be noted that
slender body build in the past could have been related to poor nutrition or infectious load,
tuberculosis in particular (Alter 2004; Elo and Preston 1992), but our data do not support
the hypothesis of decreased chances of exceptional longevity for slender-built individuals.
Our study also found that body height is not associated with survival to age 100, and
that centenarians tend to have medium height on average. Thus, our data do not support
either of our hypotheses related to adult body height and longevity described earlier in
this article. It should be noted, however, that the absence of an effect of body height on
longevity in our study might be related to the study’s small sample size and resulting insufficient statistical power to reveal potential height-longevity effects. Also, other studies have
shown that tall body height may have multidirectional associations with chronic diseases,
including a positive association with cancer (Batty et al. 2009) and a negative association
with heart disease (Paajanen et al. 2010). Therefore, the final effect of tall body height on
longevity may be weak and more complicated than the effect of obesity on longevity. One
recent study of height and late-life mortality among Finnish men showed that persons who
were taller than their peers at age seven lived longer (Barker et al. 2011). However, one
group of men with unexpectedly tall height at age seven had elevated mortality in middle
age (Barker et al. 2011), indicating the detrimental effect of early compensatory growth on
longevity.
Another finding of this study is the positive effect of a farmer occupation on survival to
age 100. No other occupations studied here, including white-collar work, had a significant
effect on the attainment of longevity. This result is consistent with our previous findings
suggesting that children raised on farms (boys in particular) have higher chances of becoming centenarians (Gavrilova and Gavrilov 2007). Similar results have been obtained by
other authors studying childhood conditions and survival to advanced ages (Hill et al. 2000;
Preston, Hill, and Drevenstedt 1998; Stone 2003). Preston and colleagues (Preston, Hill,
and Drevenstedt 1998) have hypothesized that the effect of a farm childhood on longevity is
stronger for men than women because men raised on farms often become farmers by occupation and continue to live in this healthy environment. Our findings here are consistent
with this hypothesis.
Being married by age 30 had no statistically significant effect on survival to age 100.
However, the number of children that an individual had at age 30 demonstrated positive
effects on chances of exceptional longevity (see Table 6). It is interesting to note that having a large number of children born by age 30 increases a man’s chances of attaining
exceptional longevity by a factor of 2.6–2.7 (see Table 6). This positive association seems
to differ from the predictions of some evolutionary theories of aging, such as disposable
soma theory. According to this theory, for both men and women, “there may be a trade-off
between reproductive success and longevity, because resources invested in longevity assurance may be at [the] expense of reproduction” (Westendorp and Kirkwood 1998). However,
our finding of a positive relationship between reproductive success and longevity may have
reasonable explanations of both a social and a biological nature. First, the production of
a large number of offspring early in a parent’s life may provide necessary caregiving and
material support for a parent in his older ages. Second, high fertility at a young age may
be a marker of a man’s overall good health. Further studies of centenarians, including
studies of genealogical data, may shed more light on the mechanisms of this interesting
phenomenon.
A number of data limitations need to be considered in evaluating the results related
to body build and height characteristics. Although draft registration cards contain valuable
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information on individual physical markers, this resource is not free of problems. The main
difficulty we faced was the categorical classification (rather than metrical measurement) of
height and build data, which is less precise than those measures used in specialized health
surveys like the National Health and Nutrition Examination Survey. During WWI draft
registration, local staff were asked to classify individual men’s height and weight. The
three categories provided were rather vague, and occasionally, the staff wrote in actual
weight and height instead. In addition, some errors in reporting physical characteristics
also occurred (Banks 2000). Nevertheless, because volunteer staff in the registration office
did collect the relevant physical data when centenarians were young adults, these data are
not subject to self-report and recall bias. Furthermore, our use of county-matched controls
helped us avoid possible regional differences in defining “tallness” or “shortness.” This
study provides the first estimates of height and build for U.S. centenarians at young ages,
which may be helpful in testing alternative hypotheses on early growth and longevity, such
as those proposed by Costa and Lahey (2005), Fogel (2003), Miller et al. (2002), and
Willcox et al. (2006). The results of this study also demonstrate the usefulness of the U.S.
WWI draft registration card dataset as a new and promising source of information for
finding factors associated with lower mortality and better survival.

Conclusions
In this article, we presented results of two studies demonstrating that a matched casecontrol design approach is a useful way to study the effects of early-life conditions on
exceptional longevity. In the first study, a sample of centenarians was drawn from a large
set of computerized family histories available online. Linkage of these records to official
resources provided external verification of the birth dates of both centenarians and their
siblings, as well as death dates of long-lived individuals. Within-family comparison of
centenarians to their shorter-lived siblings allowed us to control for unobserved common
conditions early in life and common genetic background. The study demonstrated that
a young maternal age is the best predictor of exceptional longevity when compared to
birth order or paternal age. Young maternal age has a long-lasting effect on offspring’s
survival to age 100 that can be observed even after age 70. This result suggests that delayed
childbearing in contemporary populations may have adverse effects on the health of future
generations.
In the second study, we applied a matched case-control design to analyze the effects of
physical characteristics at a young adult age on survival to age 100. Using a random sample
of U.S. centenarians born in the same year, we conducted a linkage of these records to
WWI civil draft registration cards collected in 1917–1918, which included information on
registrants’ physical characteristics. The matched case-control design allowed us to control
for birth cohort, race, and contextual variables on longevity. Results showed that being
overweight at a young age may significantly decrease chances of living to 100. Our results
also supported previous findings that a farm upbringing improves survival to advanced ages
(Gavrilova and Gavrilov 2007; Preston, Hill, and Drevenstedt 1998).
The results obtained in these studies demonstrate that factors operating early in life
are important components in determining exceptional longevity. While genetic factors
undoubtedly play an important role in survival to advanced ages, there are also a number of other factors associated with living to age 100 and beyond. Adding new historical
data resources into our arsenal of centenarian studies will bring better understanding of the
role of early-life conditions in the attainment of exceptional longevity.
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