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Approach

To study “success stories” in 
long-term avoidance of fatallong term avoidance of fatal 
diseases (survival to 100 years) 
and factors correlated with thisand factors correlated with this 
remarkable survival success



Centenarians represent theCentenarians represent the 
fastest growing age group in 
th i d t i li d t ithe industrialized countries

Yet, factors predicting exceptional 
longevity and its time trends 

i t b f ll d t dremain to be fully understood
In this study we explored the new 

opportunities provided by theopportunities provided by the 
ongoing revolution in information 
technology, computer science and gy, p
Internet expansion to explore  
adulthood predictors of 
exceptional longevity Jeanne Calmentexceptional longevity Jeanne Calment 

(1875-1997)



Revolution in Information 
Technology

What does it mean for longevity 
studies?

Millions of official census,Millions of official census, 
birth, marriage, death and 
other records areother records are 
available online now!



Predictors of  
Exceptional Longevity



Data Sources

1. Social Security Administration 
Death Master File

2. WWI civil draft registration cards 
( l d f l 100(completed for almost 100 percent men 
born between 1873 and 1900))



Design of the StudyDesign of the Study

Death
window  for

Controls: Males matched on birth year, race and
county of registration

centenarians

Male Centenarians born in 1887
(from the Social Security Administration Death Master File)

Birth
year

Death window  for controls
WWI draft

   1887 1917-18 1987

registration



WWI Civilian Draft RegistrationWWI Civilian Draft Registration

In 1917 and 1918, approximately 24 
million men born between 1873 andmillion men born between 1873 and 
1900 completed draft registration 

d P id t Wil d thcards. President Wilson proposed the 
American draft and characterized it 
as necessary to make "shirkers" play 
their part in the war. This argument p g
won over key swing votes in 
CongressCongress.



WWI Draft RegistrationWWI Draft Registration
Registration was done in g
three parts, each designed 
to form a pool of men for 
three different military draft 
lotteries. During each 

i t ti h h b llregistration, church bells, 
horns, or other noise 
makers sounded to signalmakers sounded to signal 
the 7:00 or 7:30 opening of 
registration whileregistration, while 
businesses, schools, and 
saloons closed tosaloons closed to 
accommodate the event. 



Registration Day ParadeRegistration Day Parade





Information Available in the Draft 
Registration Card

age, date of birth, race, citizenship g , , , p
permanent home address 

ti l 'occupation, employer's name 
height (3 categories), build (3 g ( g ), (
categories), eye color, hair color, 
disabilitydisability 





Study Design
Cases: men centenarians born in 1887 

(randomly selected from the SSA Death ( y
Master File) and linked to the WWI civil 
draft records Out of 240 selected men 15draft records.  Out of 240 selected men, 15 
were not eligible for draft. The linkage success for 
remaining records was 77.5% (174 records) g ( )

Controls: men matched on birth yearControls: men matched on birth year, 
race and county of WWI civil draft 

i t tiregistration



SAMPLE CHARACTERISTICS (%)SAMPLE CHARACTERISTICS (%)

Centenarians Controls

Foreign born 20 5 22 2Foreign born 20.5 22.2

Married 68 4 63 7Married 68.4 63.7

Had children 52.6 42.1ad c d e 5 6

Farmers 31.6 23.4

African Am. 5.3 5.3



Physical CharacteristicsPhysical Characteristics 
at Young Age 

and Survival to 100

A study of height and y g
build of centenarians 

when they were youngwhen they were young 
using WWI civil draft 

registration cards



Height – What to ExpectHeight – What to Expect

1 Height seems to be a good indicator1. Height seems to be a good indicator 
of nutritional status and infectious 
disease histo in the pastdisease history in the past. 

2. Historical studies showed a negative g
correlation between height and 
mortality.mortality. 

3. Hence we may expect that 
i ll hcentenarians were taller than 

averageg



Build – What to ExpectBuild – What to Expect

1 Slender build may suggest a poor1. Slender build may suggest a poor 
nutrition during childhood.  We may 
e pect that centena ians e e lessexpect that centenarians were less 
likely to be slender when young.  

2. On the other hand, biological studies 
suggest that rapid growth may besuggest that rapid growth may be 
harmful and somewhat delayed 
maturation may be beneficial formaturation may be beneficial for 
longevity. 



Small Dogs Live LongerSmall Dogs Live Longer

Miller RA. Kleemeier Award Lecture: Are there genes for aging? J Gerontol Biol Sci 54A:B297–B307, 1999. 



Small Mice Live Longer

Source: Miller et al., 2000. The Journals of Gerontology Series A: Biological Sciences and Medical Sciences 55:B455-B461 



BODY HEIGHT AND BODY 
BUILD  DISTRIBUTIONS (%)

171 pairs of men born in 1887

Centenarians    Controls  
Body Height
short 6.4        8.8 
medium 65.5       56.7
tall 28.1       34.5

Body Build
slender 25.2      25.2
medium 67.8      60.2
stout 7.0      14.6



Height Distribution Among g g
Centenarians and Controls



Body Build Distribution Among y g
Centenarians and Controls



Multivariate Analysis
Conditional multiple logistic regression 
model for matched case controlmodel for matched case-control 
studies to investigate the relationship 
between an outcome of being a case 
(extreme longevity) and a set of ( g y)
prognostic factors (height, build, 
occupation marital status number ofoccupation, marital status, number of 
children, immigration status)
S i i l k S 0 dStatistical package Stata-10, command 
clogitg



Results of multivariate studyResults of multivariate study
Variable Odds P-value

Ratio
Medium height vs short 1.35 0.260Medium height vs short 
and tall height

1.35 0.260

Slender and medium 2 63* 0 025Slender and medium 
build vs stout build

2.63* 0.025

F i 2 20* 0 016Farming 2.20* 0.016 

Married vs unmarried 0 68 0 268Married vs unmarried 0.68 0.268

Native born vs foreign b 1 13 0 682Native born vs foreign b. 1.13 0.682



Results of multivariate studyy
Significant predictors only

Variable Odds P-value
Ratio

‘Slender’ body build 2 54 0 040Slender  body build 
reference: stout build

2.54 0.040

‘ di ’ b d b ild‘Medium’ body build 
reference: stout build

2.64 0.017 

Farming 1.99 0.025  



Other physical characteristicsOther physical characteristics

Variable Odds P-value
Ratio

Blue eye color 1 62 0 069Blue eye color 1.62 0.069  

‘Short’ body height 1.02 0.967Short  body height 
reference: tall height

1.02 0.967

‘Medium’ body height 1 43 0 212Medium  body height 
reference: tall height

1.43 0.212 

Other variables include body build and farming



Having children by age 30 and g y g
survival to age 100

Conditional (fixed-effects) logistic regression
N=171 Reference level: no childrenN=171.  Reference level: no children

Variable Odds ratio 95% CI P-valueVariable Odds ratio 95% CI P value

1 3 hild 1 62 0 89 2 95 0 1271-3 children 1.62 0.89-2.95 0.127

4+ children 2.71 0.99-7.39 0.051



Conclusion

The study of height and bodyThe study of height and body 
build among men born in 1887 

t th t b it tsuggests that obesity at young 
adult age (30 years) has strong adu age (30 yea s) as s o g
long-lasting effect in preventing 
longevitylongevity



O h C l iOther Conclusions

Both farming and having large number 
of children (4+) at age 30 significantly o c d e ( ) at age 30 s g ca t y
increased the chances of exceptional 
longevity by 100-200%.

The effects of immigration status, g ,
marital status, and body height on 
longevity were less important, and they 
were statistically insignificant in the 
studied data set. 
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For More Information and UpdatesFor More Information and Updates 
Please Visit Our 

S i ifi d Ed i l W b iScientific and Educational Website 
on Human Longevity:g y

http://longevity-science.orghttp://longevity science.org

And Please Post Your Comments atAnd Please Post Your Comments at 
our Scientific Discussion Blog: 

http://longevity-science.blogspot.com/ 



Multivariate Analysis:
Conditional logistic regression

For 1:1 matched study, the y,
conditional likelihood is given by:

1
01 ))(exp(1( −−−+∏ ii xxβ

Where xi1 and xi0 are vectors representing the

∏
i

Where xi1 and xi0 are vectors representing the 
prognostic factors for the case and control, respectively, 
of the ith matched set.





Household Property Status During Childhood p y g
(1900 census) and Survival to Age 100

Odds for household to be in a ‘centenarian’ groupOdds for household to be in a centenarian  group
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Source: Gavrilova, Gavrilov, NAAJ, 2007




