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ABSTRACT

SOMATOTYPE, MORTALITY, AND MORBIDITY OF FORMER 
MICHIGAN STATE UNIVERSITY ATHLETES AND NONATHLETES

By

Bradley Ray A llan Wilson

The purpose of th is  study was to  evaluate the e ffe c t of d if fe r ­

ent measures of body build on m o rta lity  and morbidity. Somatotype, 

w t/h t, w t/h t2 (body mass Index), w t/ht? , and h t / 3 / w t  (ponderal index) 

were considered.

Seven hundred sixty-seven subjects who had attended Michigan 

State U niversity before 1938 were used fo r th is  study. This group 

consisted of 398 ath letes and 369 nonathletes. A somatotype was 

predicted fo r  each subject, and the four height/w eight measures were 

calculated using height and weight while 1n college.

The analyses Indicated th a t ath letes were more mesomorphic and 

less ectomorphic than nonathletes. When longevity was considered, 

ath le tic ism  was not a good predictor. Somatotype, however, was a 

s ta t is t ic a lly  s ig n ific a n t predictor. The endomorphic group was shorter 

liv ed  than the other three groups.

When the q u a n tita tiv e  variables were compared, only w t/h t was 

a s ta t is t ic a lly  s ig n ific a n t predictor of longevity. When nonathletes
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were considered, none of the height/w eight variab les was s ig n ifican t. 

Only 1n the a th le te  group was h t/w t a s ta t is t ic a lly  s ig n ific a n t predic­

to r  of longevity.

The relationship  of somatotype and coronary artery disease 

(CAD) and cancer was also examined. No s ig n ific a n t re lationships were 

found In these lim ite d  data Unking a sp ec ific  somatotype group to  CAD 

or cancer.
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CHAPTER I

THE PROBLEM

Studies that have Investigated the effects  of somatotype on 

m orta lity  and morbidity have been lim ite d  1n number and scope. Only 

one previous study (15) has considered somatotype and longevity 1n 

d e ta il. I t  showed th a t men who lived  to  be 70* 75, or 80 years old 

were s ig n ific an tly  less endomorphic (p < .01) when they were 1n 

college.

Several studies have been conducted th a t focused on somatotype 

and cause of death (16* 25* 67* 88* 90* 98* 99* 100)* but these have 

been p rim arily  lim ited  to coronary artery disease (CAD). One In ves ti­

gation Indicated the endomorphs as more H ke ly  to  have CAD (67). Meso­

morphs were more highly correlated with CAD 1n two studies (25* 99)* 

and both endomorphs and mesomorphs were found to  be a t higher risk of 

CAD In three studies (16* 98* 100). Therefore, the somatotype which Is  

most closely linked to CAD has not been c learly  Indicated a t th is  time.

Somatotype 1s also a major consideration 1n the long 11st of 

athlete/nonathlete longevity studies. The reports from the three major 

studies have found Inconsistent results. Paffenbarger e t a l. (63* 64) 

found th a t athletes were favored fo r  longevity when they studied pre­

vious students from the University of Pennsylvania and Harvard

1
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University. However, Polednak and Damon (74) and Polednak (70, 71, 72) 

found that major athletes were shortest lived  when studying previous 

students from Harvard U niversity. In the th ird  major study, Involving  

previous Michigan State University students, Montoye, Van Huss, and 

Neval (5 5 ), Montoye e t a l .  (5 6 ), Montoye (53 ), Olson e t a l.  (6 1 ), and 

Olson (60) found no s ig n ific an t differences between the longevity of 

athletes and nonathletes. Since athletes tend to be more mesomorphic 

(9 , 74 ), somatotype could have been the confounding variab le 1n these 

stud ies (91, 92).

Several studies have been conducted to  determine the best measure 

of body composition to  use to predict longevity. One study determined 

th a t the body mass Index, w t/h t2 was a better predictor of m orta lity  

than re la tiv e  weight (21). Two other studies found that m orta lity  was 

higher at the upper and lower extremes of the Indexes considered. One 

study used the ponderal Index (89), and the other used w t/h t2 (107).

When body composition Indexes were used to predict CAD, l i t t l e  

consistency was found. Three studies using male subjects found no good 

predictors of CAD (42, 45, 48). However, three other studies found 

w t/h t2 to be associated with the development of CAD (11, 32, 78). In 

several studies conducted by Paffenbarger and associates, relationships  

between CAD and ponderal index (63 , 65) and w t/h t2 x 1000 (62) were 

found. Two problems existed. F irs t , these studies were not compared 

with somatotype to  determine I f  somatotype was a better method.

Second, no good evidence was shown to  specify any measure as a good 

predictor of longevity.
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Statement of the Problem

The purpose of th is  study was to determine the effec ts  of 

somatotype on m orta lity  and morbidity. The somatotypes were determined 

by using height and weight data obtained from a set of four question­

naires from the 1952 Longevity and Morbidity of College Athletes study. 

These weights and heights were used to calcu late a ponderal Index at 

each age the Information was available fo r each subject. The ponderal 

Indexes and ages fo r each Individual were compared with the set of 88 

somatotype welght-galn patterns presented 1n the Atlas of Men by 

Sheldon* Dupertuls# and McDermott (94) to arrive  a t a somatotype rating  

fo r th a t Individual. Other measures of body composition were also 

calculated fo r comparison with somatotype.

This study was conducted 1n order to  provide more Information  

about the following Issues:

1. Which somatotype grouping has the greatest m ortality?

2. Which somatotype groupings are correlated with the 

d iffe re n t causes of death?

3. Does a th le tic  status account fo r s ig n ifican t varia tion  1n 

longevity when considered with somatotype?

4. Which measure of body composition or body structure 1s the 

best predictor of m ortality?

Significance of the. Studv

The results of th is  study provide insights In to  potential 

health problems of Individuals based on th e ir  somatotype and body
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composition. This Information may help Individuals determine and 

ta rg e t behaviors th a t they w il l  need to  modify 1n order to  prevent and 

Intervene 1n sp ec ific  health risks. I t  also Id e n tif ie s  the value of 

other measurements of body composition 1n Id en tify in g  risks. By 

determining the ro le  of somatotype 1n longevity , th is  Investigation  

adds Inform ation to  the pool of knowledge re la tin g  to  the a th le te /  

nonathlete longevity studies.

Lim itations of the Study

1. In the o rig ina l survey 1n 1952 there was a large number of 

nonrespondents, which is a possible bias 1n the data.

2. The subjects were lim ite d  to  male students who attended 

Michigan State U niversity before 1938. Many of these Individuals came 

from a g ricu ltu ra l backgrounds, which 1s a source of bias.

3. Any subjects who died of war or catastrophic causes were 

deleted from the study.

4. The v a lid ity  of the responses 1n a mailed questionnaire 1s 

a po ten tia l source of bias.

5. Because of the need fo r specific  Inform ation, only subjects 

responding to  the 1968 questionnaire were considered.

6. The method of c lass ify in g  somatotypes has not been 

v a l1dated.



CHAPTER I I

REVIEW OF LITERATURE

The major purpose of th is  study 1s to  determine whether 

somatotype can be correlated with m orta lity  or morbidity. Since the 

population th a t was tested consisted of athletes and nonathlete con­

tro ls  who graduated from Michigan State University* the f i r s t  section 

1s a summary of ath lete  longevity studies. Section two focuses on 

somatotype and m orta lity  and somatotype and morbidity. Due to the 

d if f ic u lty  of determining somatotypes* section three considers alterna­

t iv e  methods of rating body structure or body composition.

Because of the lim ited  data available from th is  longitudinal 

study* the reported height 1n 1960 must be used fo r the ages from 23 to  

63. Therefore* a summary of helght-decrement studies 1s Included 1n 

section four.

The Longevity of Athletes

Many studies have been conducted th a t Investigated whether or 

not partic ipation  1n a th le tics  increases the length of l i f e .  Two good 

reviews of these studies are available and were w ritten  by Polednak 

(73) and Stephens e t a l. (101). Although many controlled studies have 

been completed* the evidence 1s not c lear whether athletes or non­

ath lete  controls have a favored longevity.

5
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In the review presented by Stephens e t al. (101)/ a summary of 

a th le te  longevity studies compared with population data was outlined  

(Table 2.1). Of the 17 studies/ 16 favored greater a th le te  longevity. 

However/ these studies were c r it ic iz e d  fo r not using adequate control 

groups. Table 2.2 summarizes the a th le te  longevity studies conducted 

with control groups; Of these 15 reports/ athletes were favored In 

three.

Four major studies u t i l iz in g  control subjects have been 

reported The In i t ia l  Investigation by Rook (80) 1n 1941 showed that 

honors men lived  longer than athletes. Three more recent studies have 

been reported Surveying pre-1938 Michigan State University lettermen  

and students/ Montoye/ Van Huss/ and Neval (55)/ Montoye e t al. (56)/ 

Montoye (53)/ Olson e t  al. (61)/ and Olson (60) found no s ig n ifican t 

differences between athletes and nonathletes. In general/ nonathletes 

were favored but the differences were not s ign ificant. Paffenbarger e t 

al. (63/ 64) studied students and varsity  athletes who attended the 

University of Pennsylvania and Harvard University between 1921 and 

1950. These studies favored athletes fo r longevity. Polednak and 

Damon (74) and Polednak (70/ 71/ 72) researched major athletes/ minor 

athletes/ and nonathletes from Harvard University between 1880 and 

1916. Major ath le tes  were found to be the shortest lived. These three 

studies a l l  found d iffe re n t conclusions.

In response to  these athlete/nonathlete studies/ Sheehan (91/ 

92) proposed th a t the major difference may be due to somatotype and not 

a th le t ic  competition. Carter (9) reviewed the d iffe re n t somatotypes of



Table 2 .1.--luminary of a th le te  longevity studies: Comparisons with population data (Trom Stephens et a l . ,  I 9 8 M .

In v e s t ig a to r  Tear Examined P o p u la tio n  Humber Comparison P a p u la tio n  F in d in g s  Comments

Morgan (57) 187} 1829-1859 O xford and
Cambridge U n iv e rs ity  
oarsmen

251 O r, F a r r 's  E n g lis h  L i f e  
Tables

A th le te s  favo red  By 2 .0  years

Heylan (51) 190b 1852-1892 Harvard
U n iv e rs ity  oarsmen

152 Standard m o r ta l i t y  ta b le s  A th le te s  favo red  By 2.8B years

Caines and 
H unter (37)

1906 P re-1905 Ta le  U n iv e rs ity  U n sp e c ifie d
a th le te s

Insurance ta b le s A th le te s  favo red  M o r ta l i t y  r a t io  A92

Anderson (2 ) 1916 1855-1905 Ta le
U n iv e rs ity  a th le te s

80S A c tu a r ia l S o c ie ty  Tab le
(AST) and Am erican T a b le  
(AT)

A th le te s  favo red  AST m o r ta l i t y  r a t io  522 
AT m o r ta l i t y  r a t io  k63

H i l t  (35) 1927 1800-1888 B r i t i s h  c r ic k e t  3,62*1
p la y e rs

E n g lish  L i f e  Ta b le  Ho. 6 
and
E n g lish  L i fe  Ta b le  No. 8

A th le te s  favo red  S ig n i f ic a n t  a t  a l t  ages, a l l  
com parisons

D u b lin  (19) 1928 1&90-1905 a th le te s  from
10 e a s te rn  American 
c o l 1eges

6,976 M e d ic o -A c tu a r ia l Table
(HA) and American Men 
T ab le  o f  M o r ta l i t y  (AHTH)

A th le te s  favo red  HA m o r ta l i t y  r a t io  93.22 
amth m o r ta l i t y  r a t io  9 '-5 2

Need and 1931 >901 ( In  s e rv lc e ) -1 9 l6  U n s p e c ifie d
lo ve  (79) (commlsstoned b e fo re ) (T o ta l

West P o in t M i l i t a r y  Study
Academy o f f ic e r s  H "6 ,9 9 l)

American Hen T a b le  o f  
M o r ta l i t y  and West P o in t 
o f f ic e r s

A th le te s  favo red  By .2 5 *1 .2 5  years

Cooper, 1937 Ormand C o lleg e
0 'S u t lIv a n  and (A u s tra l ia  oarsmen)
Hughes (12)

100 A u s tra lia n  Insu rance  T a b le  A th le te s  favo red  M o r ta l i t y  r a t io  7 5 . '2
(A IT )



Table 1 .1 .—Continued.

In v e s t lg a to r Tear Examined P o p u la tio n Number Comparison P o p u la tio n F in d in g s to rm en ts

H a r t le y  and 
L le w e lly n  ( J l )

1939 1879-1978 O xfo rd  and 
Cambridge U n iv e rs ity  
oarsmen

767 6 s tandard  m o r ta l i t y  ta b le s  
(Mm. Qm, X ^  + A , A)

A th le te s  favored P eriod  1 r o r t a l l t y  r a t io  87.81 
P eriod  2 m o r ta l i t y  r a t io  76.77 
P e rio d  )  m o r ta l i t y  r a t io  85.17 
P e riod  k m o r ta l i t y  r a t io  93-57

W ake fie ld  (108) 1966 1911-1935 Ind iana  h ig h  
school b a s k e tb a ll p la ye rs

7 .919 U n ite d  S ta te s  Bureau o f  
Census l i f e  ta b le s

A th le te s  favo red M o r ta l i t y  r a t io  67 .97

Schmid (65) 1957 1B61-1800 C rech os lo - 
va k la n  a th le te s

600 General p o p u la t io n  
n o n a th le te s

A th le te s  favo red By B .6 6 -1 .6 6  yea rs

Pomeroy and
W hite (75)

1958 1900-1930 Harvard 
U n iv e rs ity  fo o tb a l l  
le tte rm e n

676 i 960 ge nera l M assachusetts 
p o p u la tio n  and o th e r  
H arvard g radua tes

U n s p e c ifie d A th le te -p o p u la t Io n  com parison 
no t p o s s ib le ;  co rona ry  group 
engaged in  le ss  v ig o ro u s  and 
h a b itu a l e x e rc is e

Karvonen (*>0) *959 Pre-1930 F in n is h  
champion s k ie rs

3B8 1931-1960 and 1951-1955 
ge nera l male F in n is h  
p o p u la t io n  and 1969-1953 
Insu rance p o p u la tio n

A th le te s  favo red By 6-7  years ove r 1931-1960; 
s m a lle r d if fe re n c e s  o ve r 1951- 
1953; n o n s ig n if ic a n t  d if fe re n c e s  
w ith  Insu rance p o p u la tio n

P yo ra la  e t a l .
(77)

1967 F in n is h  long  d is ta n c e  
runners  and s k ie rs

93 Randomly se le c te d  F in n is h  
p o p u la tIo n

A th le te s  favo red Have a h ig h e r degree o f  
a c t i v i t y ;  m o r ta l i t y  r a t t o -  
com parlson no t made

Schnohr 
(8 6 . 67)

1971
1977

IBB0-1910 Danish 
champion a th le te s

297 General male p o p u la tio n A th le te s  favo red M o r ta l i t y  r a t i o  to  age 50. 617; 
m o r ta l i t y  r a t io  post age 50, 
108-1097

Karvonen 
e t a l .  ( 61)

1976 F in n is h  champion s k ie rs  
b o rn  1865-1910

396 General mate p a p u la tio n A th le te s  favo red 8y 3*6 years

M e tro p o lita n  
L i f e  (JO)

1975 1876-1973 m ajor league 
ba se b a ll p la ye rs

6,753 General p o p u la t io n  (w h ite  
m ales) o f  the  Uni ted  S ta te s

A th le te s  favo red 1676-1900 m o r ta l i t y  r a t io  10)7 
1901-1973 m o r ta l i t y  r a t io  713



Tible 2 . ! . — Sunntry of ath le te  longevity studies: Comparisons with control groups (from Stephens et a t . ,  19B4) ,

In v e s t ig a to r  Tear Examined P o p u la tio n  Number Comparison Number F in d in g s  C em ents
P o p u l a t i o n

GreertMsy and 
H lscock (29)

1926 Post-1904 T a le  
U n iv e rs ity  le tte rm e n

686 1905-192} Ta le  
U n iv e rs ity  non- 
te tte rm e n

9 > 2 1 Cent ro ts  favo red

c o n tro ls  631 
■ V  men 93*

A ctua l to  expected 
deaths ( t ) :

D u b lin  (20) 19]2 1870-1905 e a s te rn
American c o lle g e  
le tte rm e n

4,978 1870-1905 e a s te rn
American c o lle g e  (63 
le tte rm e n

38,269 Honors men 
Ic o n tro ls )  
favo red

C e n t ra lly  by 2 
y e a rs—o ve r bo th  
a th le te s  and o th e r 
s tu d e n ts  (n o n s ig ­
n i f i c a n t )

Rook ( 8a) 1941 1860-1300 Cambridge 
U n iv e rs ity  a th le te s

722 1B60-1900 Cambridge 374 (honors)
U n iv e rs ity  honors and 336 (random) 
randan gradua tes

Honors men (con­
t r o ls )  fa vo re d ; 
random group 
(c o n tro ls )  no 
d if fe re n c e

Honors men by 1 .5  
ye a rs— o ve r bo th  
a th le te s  and ocher 
s tud en ts

Montoye 1957 P re-t93B  M ich igan
e t a l .  (56) S ta te  U n iv e rs ity

le tte rm e n

62B Pre-1938 M ich igan
S ta te  U n iv e r s i ty  
s tu d e n ts

563 No d if fe re n c e  ( In  
age a t death)

122 deceased

Montoye 1962
e t a l .  (55)

Pre-1938 M ich igan 
S ta te  U n iv e rs ity  
le tte rm e n

626 P re-1938 M ich igan
S ta te  U n iv e rs e ly  
s tu d e n ts

563 No d if fe re n c e  ( In  206 deceased
age a t dea th)

Montoye (54) 1967 Pre-1938 M ich igan 
S ta te  U n iv e rs ity  
le tte rm e n

628 P re-1938 M ich igan
S la te  U n iv e rs ity  
s tud en ts

563 N ona th le te s
favo red

8y 2 yea rs  (non­
s ig n i f i c a n t )



fab le  2 .Z.--Continued.

In v e s t Ig a to r Year Eaemlned P o p u la tio n Humber Comparison
P o p u la tio n Humber F in d in g s Cooments

Pel fe n b a rg e r 
e t  * 1 .  (63)

1966 I9 H -1 9 5 0  U n iv e rs ity  
o l  P ennsylvan ia  and 
Harvard U n iv e rs ity  
v a r s i t y  a th le te s

6 ] 1921-1950 U n iv e rs ity  
o f P ennsy lvan ia  and 
Harvard U n iv e rs ity  
s tu d e n ts

590 A th le te s  favo red  
( In  co rona ry  
h e a rt dea ths)

M o r ta l i t y  r a t i o * . 6

P a ffe n b a rg e r 
e l  e l .  (6 M

1967 1921-1950 U n iv e rs ity  
o f P ennsylvan ia  and 
Harvard U n iv e rs ity  
v a r s it y  a th le te s

l i e .1921-1950 U n iv e rs ity  
o f  P ennsylvan ia  and 
H arvard U n iv e rs ity  
S tudents

655 A th le te s  favo red  
( In  f a t a l  s tro k e )

M o r ta l i t y  r a t i o * . 6

Polednak end 
Damon U 1*)

1970 1880-1916 H arvard 
U n iv e rs ity  le tte rm e n  
(m ajor a th te le s )

177 1880-1916 Harvard 
U n iv e rs ity  s tu d e n ts  
(m inor and non- 
a th le te s )

275 (m ino r) 
I6J8 (non)

H Inor a th le te s  
favo red

M ajor a th le te s  
s h o rte s t l iv e d

Polednak 
(70 . 71. 72)

1972 1680-1916 Harvard 
U n iv e rs ity  le tte rm e n  
(m a jor a th le te s )

668 18BO -I9I6 H arvard 
U n iv e rs ity  s tu d e n ts  
(m inor and non­
a th le te s )

1501 (m inor) 
6136 (non)

H Inor a th le te s  
and n o n a th le te s  
favo red

By 1-3 years

01 io n  e l  a l ,
(60)

1972 P re -19)8  M ich igan  
S ta te  U n iv e rs ity  
le tte rm e n

628 P re - t9 J ft M ich igan 
S ta te  U n iv e rs ity  
s tud en ts

56) H ona th le te s
favo red

By 1 ,k  yea rs  
(n o n s ig n if ic a n t)

P rou t (76) 1972 1882-1902 H arvard 
and Y ale U n iv e rs ity  
crews

172 IB 62-I902 H arvard 
and Y a le  U n iv e rs ity  
s tud en ts

172 A th le te s  favo red By 6 .2 k -6 .3 5  yea rs  
( s ig n i f ic a n t )

01 ton  e t  a l .  
(61)

1976 P re - l9 J8  M ichigan 
S ta te  U n iv e rs ity  
le tte rm e n

628 P re - I9 j8  H lch loa n  
S ta te  U n iv e rs ity  
s tud en ts

563 H ona th le tes
favo red

By 1.86 years  
(n o n s lg n if ic a n t)
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ath letes and has reported somatotype differences among the d iffe re n t  

sports. In general* the athletes were more mesomorphic. In a study by 

Polednak and Damon (74)* athletes were found to be more mesomorphic and 

endomorphic than nonathletes, In order to  Id en tify  whether a th le tic  

competition or somatotype 1s responsible fo r Increased or decreased 

longevity* a controlled study comparing athletes and nonathletes with  

known somatotypes 1s needed,

Somatotype. M orta lity , and Morbidity 

H is to rica lly * science has had an In te res t 1n classifying  

humans by body structures Hippocrates was the f i r s t  sc ien tis t on

record to develop a system of ra ting  human physique (1* 83). Since his

time 1n ancient Greece* many researchers have attempted to  develop 

useful ra ting  systems. Hie most widely accepted method 1n the United

States was developed by W. K. Sheldon (93). His rating system focuses

on three basic body types—endomorph* mesomorph* and ectomorph— which 

were derived from the three embryologlcal layers— endoderm* mesoderm* 

and ectoderm* respectively. Each Individual 1s rated on a scale from 1 

to 7 In each of the three somatotypes.

Many European researchers have followed the system developed by 

Ernest Kretschmer. He preceded Sheldon and developed a method using 

three body types— pyknic* leptosome ( la te r  called asthenic)* and ath­

le t ic  (47). Hie problem with Kretschmer's system 1s th a t 1t Is  lim ite d  

to  three body types. There 1s no continuous d is tribu tion  of physiques 

as with Sheldon's system. Although the pyknlcs and endomorphs are 

sim ilar* the asthenlcs and ectomorphs are s im ilar* and the a th le tics
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and mesomorphs are sim ilar* these are very d iffe re n t rating  systems and 

cannot be compared d irectly .

In i t ia l ly  the rating of somatotypes was used by psychologists. 

Then 1n 1951 G ertler e t  al. (25* 26) studied 100 patients between 23 

and 40 years of age who had had a myocardial In fa rc tlo a  They found 

th a t the coronary artery disease (CAD) group was predominantly meso­

morphic and contained few ectomorphic subjects (Table 2.3). This was 

followed by a postmortem study conducted by Spain* Bradess* and Huss 

(99). Their subjects Included 111 consecutive deaths of white males 

under the age of 46. Of the 111, 38 had died of sudden myocardial 

In fa rc tlo a  This group of 38 contained 24 mesomorphs* 3 ectomorphs* 3 

endomorphs* and 8 mixed When considering the other 73 who had sudden 

v io len t deaths* a greater degree of CAD was found 1n dominant meso­

morphs These studies seem to  indicate a greater risk  of CAD by meso­

morph s.

Table 2 .3 .— Physical groupings 1n the control group and the coronary 
disease group (From G ertler e t a l.*  1951).

Control Group CAD Group
(%) (36)

Endomorph 29 26
Mesomorph 19 42
Ectomorph 22 7
Others 30 25

Total 1 0 0 1 0 0
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Conversely# Paul e t a l. (67) studied over 2*000 employees of 

the Hawthorne Works of the Western E lec tric  Company and found dominance 

1n the endomorphic component to be s ig n ifican t (p < .01) In coronary 

cases. In the same year (1963)* Spain* Nathan* and G elHs (100) pub­

lished a study on 5*000 white Jewish males between the ages of 36 and 

65. They found endomesomorphs to be three times more lik e ly  to  have 

CAD than ectomorphs. Using subjects from the Framingham Study* Damon 

e t a l. (16) compared 198 men with CAD and 1*427 men without CAD. The 

men with CAD were more endomorphic and mesomorphic. The men without 

CAD were more ectomorphic. These studies tend to  Include endomorphs 

with the mesomorphs fo r Increased risk  of CAD.

In another postmortem study by Spain* Bradess* and Greenblatt 

(98)* mesomorphy* endomorphy* and mixed were a l l  positively  correlated  

with CAD. Only the ectomorphs did not correlate. This study agrees 

with the others th a t ectomorphs are less H ke ly  to suffer from CAD.

A s im ila r  study was conducted on CAD In Germany by Schonfelder 

and Zschoch (88). Using Kretschmer's categories of body structure* 

they found moderate and severe CAD to  be more frequent 1n pyknic 

Individuals than a th le tic  and leptosome Individuals (Table 2.4).

Pyknlcs also suffered more acute In farc ts  and coronary Insufficiency* 

while a th le tic s  and leptosomes survived primary myocardial In farctions  

better than the pyknlcs. This study im plicates Individuals with large  

amounts of body fa t  as more prone to  CAD than Individuals with a large  

muscle mass.



T a b le  2 .4 . --F re quen cy  o f  co rona ry  a th e ro s c le ro s is  and m yocard ia l I n f a r c t io n  o f  th re e  c o n s t i t u t io n  types In  percentage o f  the  to t a l  o f  the  re s p e c tiv e  
groups (From S chon fe ide r a Zschoch, 1967).

leptosome A th le t ic P ykn ic

Hale Female T o ta l Hate Female T o ta l H ale Female T o ta l

Ho. I Ho. X Ho. 1 Ho. t Ho. 7 Ho. 7 Ho. X Ho. X Ho. t

T o ta l number 
o f  cases 12B 100.0 55 100.0 83 100.0 165 100.0 106 100.0 251 100.0 260 100.0 356 100.0 616 100.0

W ith o u t coronary  
a th e ro s c le ro s is

10 7 .8 12 21.8 22 12.0 8 5-5 22 2 0 .7 30 11.9 7 2 .6 46 12.3 51 8 .2

L ig h t  coronary  
a th e ro s c le ro s is 56 0 - 7 33 60 .0 89 68 .6 67 32.6 57 53 .7 106 61.6 95 36 .5 190 53.3 285 66 .2

Heavy co rona ry  
a th e ro s c le ro s is 62 4B.4 10 18.1 72 39-3 90 62 .0 27 25 .6 117 66 .6 158 6 0 .7 122 36.2 280 65 .6

H yoca rd ta l In fa r c ts 20 15.6 3 5 .6 23 12.5 66 30.3 11 10.3 55 21 .9 96 36.1 69 13.7 163 23 .2

Fresh In fa r c ts 2 1.5 1 t.B 3 1.6 11 7 .5 — — l l 6 .3 33 12.6 21 5 .8 56 8 .7

Old In fa r c ts 10 7 .8 2 3 .6 12 6 .5 19 13.1 6 3 .7 23 9.1 36 13.8 13 3 .6 69 7 .9

Hore m ature In fa r c ts 8 6 .2 — — 8 6 .3 16 9 .6 7 6 .6 21 B.3 25 9 .6 15 6.2 60 6 .6

F a ta l In fa r c ts I I 8 .5 1 l.B 12 6 .5 26 17.9 7 6 .6 33 13-1 56 21 .5 36 9 .5 90 14.6

A cute co rona ry  
In s u f f ic ie n c y

1 0 .7 — — 1 0 .5 2 1.3 — — 2 0 .7 6 2 .3 3 0 .8 9 1 .6

C lin ic a l  hyper* 
te n s io n 5 3 .9 7 12.7 12 6 .5 12 8 .2 10 9 .6 22 8 .7 55 21.1 51 16.3 106 12.2
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In  a longevity study, Damon (15) looked at 2,450 previous 

students from Harvard University. He found th a t the men who lived  to  

be 70# 75# or 80 years old were s ig n ifica n tly  less endomorphic (p <

.01) when they were 1n college. These same Individuals were also less 

mesomorphic# but th is  was not s ig n ifican t.

Several studies have been conducted th a t looked a t the 

relationship between serum cholesterol levels and somatotype. Since 

elevated serum cholesterol has been linked to  CAD (38# 39# 84)# these 

studies can be related to  the studies previously mentioned. In 1951 

Tanner (104) studied serum cholesterol and physique. He found serum 

cholesterol levels to  be correlated only to the endomorphic component. 

The serum cholesterol was related by 10.7 mg cholesterol fo r each unit 

rating 1n endomorphy. G ertle r and White (27) studied 97 mesomorphs and 

146 controls. The mesomorphs had more CAD proportionately# and among 

those with CAD mesomorphs had higher plasma cholesterol levels. Sev­

eral years la te r  G ertle r e t a l. (28) found coronary-prone Individuals  

to be more mesomorphic and also to have higher serum cholesterol 

levels. They also found coronary-prone individuals to be older# to be 

shorter# to  have higher uric acid and phospholipid levels# to  have 

higher blood pressures# and to have more mothers and fathers who had 

CAD. In 1967 G ertle r (24) showed an association between mesomorphy and 

elevated serum cholesterol levels. He also showed a relationship  

between mesomorphy and Ischemic heart disease. One Investigation on 

l ip id  metabolism and somatotype was conducted on children 1n
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Czechoslovakia. Among 414 children there were no differences In U p ld  

metabolism between the d iffe ren t somatotypes of boys or g ir ls  C36).

Several studies considered the relationship between physique 

and tuberculosis (3* 8, 22). The ectomorphic component was most 

closely correlated w ith th is  Infectious disease. This was grounds fo r  

Burr and Damon (7) to study the difference 1n eosinophil count with  

d iffe re n t physiques. No s ig n ifican t difference between eosinophil 

count and scmatotype was found.

When considering the morbidity of the d iffe re n t somatotypes# 

S eltzer and Mayer (90) reported th at mesomorphs and endomesomorphs are 

more susceptible to  CADj w hile the ectomorphs are more susceptible to  

tuberculosis. This Is  consistent with previous findings; Other 

relationships are shown 1n Table 2 .5 .

Table 2 .5 .— Somatotypes which are highly associated with selected 
diseases (Adapted frcm Seltzer & Mayer# 1966).

D1sease Scmatotype

Tubercul os1 s Ectomorph
Coronary artery disease Mesomorph and endomesanorph
O steoarthrltl s Endomorph
Rheumatoid a r th r it is Ectomorph and mesomorph
Gall bladder disease Endomorphic mesomorph
Uterus cancer (women) Endomorphic mescmorph
Breast cancer (women) Endomorphic mesomorph
Endometrial cancer (women) Endomorph
Meniere's disease (women) Mesomorph

(men) Endomorphic mesomorph
Obesity Mesomorph and endomorph
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Somatotype cannot be used as a sole predictor fo r m orta lity  or 

morbidity. Evidence Indicates th a t 1t may be useful 1n determining 

potential health problems th a t warrant appropriate Intervention and 

prevention techniques. Tuberculosis 1s not a major health problem 

today; therefore, there 1s not a major health th rea t to ectomorphs. On 

the other hand, CAD 1s a major health problem 1n our society, and the 

mesomorphs and endomorphs should be aware of th e ir  h lgher-rlsk status.

Measures of Body Build 

When considering m orta lity  and morbidity, somatotype 1s fre ­

quently not determined. Somatotyplng large numbers of subjects fo r  

these studies 1s both costly and tim e consuming. Many researchers have 

attempted to  use other measures of body build to predict the longevity 

and cause of death of various groups.

Morris e t a l. (59) compared CAD 1n London bus drivers and 

conductors. They found the more active conductors to have less CAD 

than the more sedentary drivers. In a follow ing study, Morris, Heady, 

and R affle  (58) found the drivers to  have greater waist and chest 

circumferences. Therefore, 1t could be considered that body build may 

have a ro le  1n the Incidence of CAD.

In 1959 the Society of Actuaries (95) presented data on over 

four m illio n  policy holders. They found th a t stocky, muscular men have 

shorter l i f e  expectancies than lean men. A s im ila r Investigation by 

S orlle , Tavla, and Kannel (97) was conducted on subjects 1n the Fram­

ingham Study. Minimum m ortality  was found 1n subjects around average
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weight. Persons weighing more or less than average had an Increased 

mortal1ty.

A couple of studies considered blood cholesterol levels with  

body build. Cerovska (10) examined 159 men and found those with  

elevated trig lyce rid es  to have greater sklnfolds# greater body surface 

area# and greater abdominal circumference. On the other hand# those 

with elevated cholesterol levels had lower body surface area and lower 

fa t - f re e  body mass. Men with both elevated trig lycerid es  and 

cholesterol only had Increased body surface area 1n common. Focusing 

on younger subjects# ages 19 and 20 years of age# Hellstrom (33) showed 

th a t short# heavy Individuals had higher cholesterol levels than ta ll#  

l ig h t Individuals. B juru lf (4) took th is  one step fu rther and looked 

at body build and grade of CAD. The amount of muscle tissue and la b ile  

fa t  were good predictors of the grade of CAD# but skeletal dimensions 

were not.

The common problem with the studies considered so fa r  1n th is  

section 1s th a t they were not presented In a usable# transferable  

format. In other words# they cannot be q u an tita tive ly  compared with 

each other. Therefore# other Indices must be considered.

To find which welght-helght ratios could best be used 1n 

epidemiological studies# Florey (23) compared weight/height# 

weight/height squared (body mass Index CBMI] or Quetelet's Index)# and 

height/cube root of weight (ponderal Index). Using data from the 

Framingham Study, he found that w t/h t2 was the best Index fo r measuring 

adiposity or body shape 1n males. This was followed by wt/ht» and the
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ponderal Index was considered the worst. Despite the fa c t that w t/h t2 

was found to be the best* 1t was s t i l l  rated as a poor measure of 

adiposity. A s im ila r Investigation was conducted by Keys e t a l. <43). 

They evaluated the same three Indices by correlating them with height 

and subcutaneous fa t. Basing th e ir  research on 7*424 healthy men from 

f iv e  d iffe re n t countries* the w t/h t2 was found to  be the best Index.

As 1n the Florey study* the w t/h t was found to  be the next best* with 

the ponderal Index being the poorest. These two studies Indicated th a t 

the w t/h t2 1s the best measure of body shape when only the heights and 

weights are Known.

When considering m ortality* the w t/h t2 was a better predictor 

than re la tiv e  weight. This was reported by Dyer e t a l. (21) a fte r  

studying men of the Chicago People’s Gas Company. Waaler (107) compared 

the w t/h t2 to m orta lity  on a Norwegian population. He found a 

ll-shaped curve where m orta lity  was higher with both low and high w t/h t2 

values. Morbidity was also considered and 1s summarized 1n Table 2.6.

Table 2 .6 .—Diseases which are highly associated with selected body 
characteristics (Adapted from Waaler* 1984).

Low Height Low Weight High Weight

Obstructive Obstructive Cardiovascular disease
lung disease lung disease Cerebrovascular disease

Tuberculosis Tuberculosis Diabetes
Stomach cancer Stomach cancer Colon cancer
Lung cancer Lung cancer
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Two other studies were done using the ponderal Index as a 

predictor of m orta lity . In 1966 Seltzer (69) reported an Increase 1n 

m orta lity  with a decrease 1n ponderal Index. Large Increases 1n 

m orta lity  were found when the ponderal Index was 12.3 or lower* and 

dramatic Increases 1n m orta lity  were noticed when the ponderal Index 

was less than 11.6 (Figure 2.1). Damon (15) measured the ponderal 

index of men 1n college and showed a s ig n ifican tly  (p < .01) greater 

chance of reaching the ages of 70* 75* and 80 1f the ponderal Index was 

higher.
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Figure 2 .1 .--Association of m ortality  ra tio  with ponderal index fo r  
men ages 40 to 49. (From S e ltze r, 1966.)
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When these Indices were used as predictors fo r CAD# l i t t l e  

consistency was found. Klein e t a l. (45) compared weight# wt/ht# 

w t/h t2# wt/ht^ x 10#000# log w t/h t2# average weight# and re la tiv e  

weight. A ll seven measures were considered poor predictors of CAD.

Keys e t a l. (42) considered w t/h t2 and weight as a percentage of the 

Insurance average. These were also not determined good predictors of 

CAD. A s im ila r study was conducted on 792 54-year-old men from Gothen­

burg# Sweden# by Larsson e t a l. (48). Again there was no correlation  

between w t/h t2 and stroke# Ischemic heart disease, or death. However# 

the wa1st-to-h1p circumference ra tio  was s ig n ifica n tly  associated with 

a ll  three. A s im ila r study was conducted on 1#462 women between 38 and 

60 from Gothenburg# Sweden. Lapldus e t a l. (47) found th at w t/h t2 was 

s ig n ifican tly  correlated (p < .05) with myocardial In farction  and ECG 

changes# suggesting Ischemic heart disease. Despite the s ig n ifican t 

correlation# the wa1st-to-h1p circumference ra t io  was a stronger pre­

d ictor than w t/h t2 fo r CAD.

On the other hand# data from the Manitoba Study presented by 

Rabkln# Mathewson# and Hsu (78) showed th at the w t/h t2 was s ig n if i­

cantly associated with the development of a myocardial In farction  (p < 

.05)# sudden death (p < .01)# and coronary In s u ff ic ie n c y  (p < .05). 

Hawthorne and Womersley (32) studied 3»364 men In western Scotland. A 

lin ear relationship between w t/h t2 and the death rate  from CAD was 

found. In Czechoslovakia# Cerovska (11) measured 80 men who were 

admitted fo r diagnosis of myocardial In farction . When men with Ische­

mic heart disease were compared with the men without the disease# two
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differences were noted W t/ht2 x TOO was s ig n ifican tly  (p < .05) 

higher and wt/ht^ x 10f000 was s ig n ifica n tly  (p < .01) higher in men 

without dlseasa

Paffenbarger and associates found the ponderal Index and w t/h t2 

x 1000 to  be useful when predicting CACX When comparing coronary 

descedants with controls of 45,000 past college students# Paffenbarger 

e t al. (63) found a s ig n ifican t difference 1n the ponderal Index of 

each group. Also a larger number of descedants had a ponderal Index 

of 12.8 or less. In 1969 Paffenbarger and W1ng (65) found a 3035 

Increased risk  of CAD 1n men with a ponderal Index below 12.9 when 

studying former students from Harvard University and the University of 

Pennsylvania. Using only the 16,936 Harvard alumni who entered college 

between 1916 and 1950# Paffenbarger e t  al. (62) reported an inverse 

relationship between the w t/h t2 x 1000 and CAD. I f  th is  Index was 

greater than 36, there was a 32* higher risk  of GAEL

Two studies considered the relationship between the ponderal 

index and hypertension. Although Perera and Damon (68) found that 

women with higher ponderal Index values had greater incidences of 

hypertension, no s ig n ifican t differences were found 1n men. Using 

subjects from the Bogalusa Heart Study, Voors e t al. (106) found th a t  

children with higher ponderal Indexes (wt/ht^ was used 1n th is  study) 

had higher systo lic  and d ias to lic  blood pressures.

Paffenbarger and W1ng (66) used the ponderal Index as a pre­

dictor fo r adult-onset diabetes. When weight Increased, the ponderal 

Index decreased and the Incidence of diabetes was greater. In an
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attempt to  look a t In fection  resistance* Burr and Damon (7) found no 

s ig n ifica n t d ifference between eosinophil count and ponderal Index.

The d iffe re n t body-bulld Indices have not been shown to be good 

predictors of m orta lity  and morbidity. The problem of separating body 

mass due to  fa t  from body mass due to muscle Is  a clear problem. 

Idea lly * a lte rn a tive  methods fo r predicting longevity and disease w il l  

be developed.

Hgijht-Pgcremgnl 

The changes 1n the stature of man throughout l i f e  has been a 

topic of research 1n many studies. I t  1s generally f e l t  that humans 

Increase 1n height* maintain peak height fo r some tim e, and then lose 

height. Of the many studies conducted* some were cross-sectional and 

some were longitud inal.

In a 1927 cross-sectional study* Ruger and Stoesslger (82) 

found a decrease 1n height with age. S im ilar results were reported by 

P ett and 0g1lv1e (69), Stoudt* Damon, and McFarland (102), and Stoudt 

e t a l. (103). A review of the Build and Blood Pressure.Study by Brozek 

(5) reported th a t the 1.5 Inch decrease 1n height between the 20-29 age 

group and the 60-69 age group was not to ta lly  due to individual 

decreases In stature but 1n part due to  a generational Increase 1n 

stature. In 1965 Damon (14) commented that "trends 1n aging are best 

determined by longitudinal rather than cross-sectional studies."

T ro tter and Gelser (105) attempted to  separate the age and 

secular factors. Using 855 cadavers they estimated th a t there was a
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1.2 cm decrement over a 20-year period. This was a nonlinear function# 

and the decrement did not begin un til a fte r the age of 30. This study 

was followed by Hertzog# Garn# and Hempy £34)# who tr ie d  to  p a rtitio n  

the effects of secular- and age-associated changes by using t ib ia  

length as a reference. In males they estimated th a t there was a 1.93 

cm decrease In stature between the ages of 35 and 65 and another 1.19 

cm decrease between the ages of 66 and 87. Although these studies 

attempted to  consider the secular changes In height# longitudinal

studies were s t i l l  needed to  ve rify  these points.

Buchl (6) conducted a longitudinal study and found that the 

height decrement began a t age 47. Measuring subjects over the age of 

70# he determined the average l ife t im e  decrement to be 2.9 cm. In  

another study using 44 re tired  B ritis h  servicemen# Lipscomb and Parnell 

(49) found no height decrement by 72 years of aga This investigation  

was supported by a study by Kldera £44)# who did not find any height 

change 1n 100 senior a ir lin e  p ilo ts  between the ages of 30.5 and 50.5. 

However# two la te r  studies agreed with Buchl and did find  some height 

decrement Gsell (30) studied several age groups fo r  10-year periods 

to  find  the average height decrements. He reported a decrement of 6 mm

between ages 30 and 40# 14 mm between ages 40 and 50# and 17 mm between

50 and 60. This 1s equal to 37 mm between 30 and 60 years of age.

Ml a ll e t  al. (52) conducted a longitudinal study on height decrement 1n 

two Welsh communities. The data are presented 1n Table 2.7. The 

height decrement began a fte r  the age of 35 and to ta led  7.1 cm by age 85
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1n one community and 4.6 cm In the other. The decrements to  age 64 

were 3.1 cm and 1.7 cm. Much of the height loss occurred a fte r  age 64.

Table 2.7.— Mean annual height decrements (mm) of males over decades 
from 25 to  85 years 1n two Welsh communities (From M1all 
e t a l . # 1967).

Age In terval Rhondda Fach Vale of Glamorgan

25-34 -0 .28 -0 .40
35-44 0.71 0.16
45-54 1.05 0.52
55-65 1.38 1.01
65-74 1.46 1.49
75-85 2.46 1.43

A fte r completing an aging study using 2»200 healthy male 

veterans# Damon e t a l. (17) concluded th a t the major height decrements 

1n previous studies were due to  a secular trend. Individual shrinkage 

occurs mostly a fte r  the sixth decade of l i f e .  In a review Rossman (81) 

concluded th a t Individual height decrements are encountered a fte r  50 

years of age. The life t im e  loss 1n males can be expected to  average 

2.9  cm.

The evidence on height decrement 1s not clear. I t  appears th a t 

there 1s a major secular trend toward t a l le r  peopla Individual height 

decrements are neglig ib le  u n til the la te r  years# and then small 

decreases can be expected.
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Summary

The longevity of athletes when compared to  nonathletes 1s not 

conclusive. One confounding variab le may be somatotype. Since ath­

letes tend to  have a higher mesomorphic component* these studies may be 

comparing h1gh-mesomorph1c Individuals w ith low-mesomorphic Individu­

als. Therefore* controlling fo r physique may be Important when consid­

ering the athlete/nonathlete longevity question.

Many a lte rnative  measures of physique have been studied. 

Although the wt/ht^ seems to predict longevity the best* none of the 

Indexes has been shown to  be a good predictor. Therefore* the somato- 

typlng of athletes and nonathletes may be necessary fo r these studies.



CHAPTER I I I

RESEARCH METHODS

This Investigation was conducted to  Iden tify  the effec t of 

d iffe re n t body types on m orta lity  and morbidity. Athletes were 

compared with nonathletes to  determine I f  there was a difference 1n 

somatotype. Then the strength of somatotype and athleticism  as 

predictors of longevity was considered* as well as the relationships  

among the various somatotype groups and longevity. Other predictors of 

m ortality  such as weight/height* weight/height squared* weight/height 

cubed* and height/cube root of weight (ponderal Index) were also 

evaluated. Last* the relationships between somatotype-group membership 

and coronary artery disease and cancer were examined.

Source of Data

The subjects fo r th is  study were derived from a pool of male 

students who attended Michigan State University before 1938. A ll males 

who had won a varsity  a th le t ic  le t te r  fo r competition 1n In te rc o lle ­

g iate sports before 1938 were Included as the treatment group (Appendix 

A). The control group consisted of a random sample of previous stu­

dents found In the student directory and matched with the athletes by 

class rank during the year the a th le te  won his f i r s t  le tte r . The mean 

age difference between the two groups was less than .05 year. In 1952

27



28

a to ta l of 2*258 subjects (1*129 athletes* 1,129 controls) were 

selected and sent a questionnaire (Appendix 8). Six hundred twenty- 

f iv e  ath letes and 557 nonathletes returned the f i r s t  questionnaire fo r  

a return rate  of 52.4%. Of th is  group* 67 athletes and 55 nonathletes 

were deceased

A follow-up survey was conducted 1n 1960 (Appendix B). All 

liv in g  respondees from the 1952 survey were mailed questionnaires. The 

return rate was 91.7?* with 514 returns (92.1%) from athletes and 458 

returns (91.4%) from controls The deaths reported were 52 ath letes  

and 32 nonathletes, leaving 888 subjects 1n the study.

The two fo llow ing surveys* 1968 and 1976 (Appendix B), were 

conducted In a s im ila r manner. The return rates were over 90%, with 

128 and 167 deaths reported* respectively. These values are summarized 

1n Table 3.1 along with a l l  other survey data.

In 1984 the most recent survey (Appendix B) was mailed to  the 

457 remaining subjects who were not known to  be deceased Three 

hundred seventy-five surveys were returned* 199 from athletes and 176 

from nonathletes* for a return rate  of 90.4%. From th is  survey* 171 

subjects were found to be deceased* Including 93 ath letes and 78 

nonathletes (Table 3 .1 ) .

Selection of Sample

Due to  the types of questions asked on the d iffe re n t question­

naires* subjects who did not respond to  the 1968 survey had to  be 

deleted because of In s u ffic ie n t In form atloa Subjects who did respond 

to  the 196B questionnaire provided the Information needed to  predict
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Table 3.1.— Overview of the Michigan State Longevity Study (Adapted 
from Olson e t  a l.*  1978).

Athletes Nonathletes Total

1952 Surveyed 1129 1129 2258
Returned 625 557 1182
% Returned 55.4 49.3 52.4
Deceased 67 55 122
Living 558 502 1060

1960 Surveyed 558 502 1060
Returned 514 458 972
% Returned 92.1 91.4 91.7
Deceased 52 32 84
Living 462 426 888

1968 Surveyed 490 452 942
Returned 471 440 911
% Returned 96.1 97.3 96.7
Deceased 66 62 128
Living 405 378 783

1976 Surveyed 392 359 751
Returned 368 333 701
% Returned 93.8 92.8 93.3
Deceased 89 78 167
Living 279 255 534

1984 Surveyed 243 214 457
Returned 220 193 413
% Returned 90.5 90.2 90.4
Deceased 93 78 171
Living 199 176 375
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th e ir  somatotype* such as height* year of birth* weight a t graduation* 

and weights a t  each year of the completed surveys. S u ffic ien t data 

were collected on 767 subjects* and th e ir  somatotypes were predicted by 

the method described la te r. Unfortunately* not a ll of the cause-of- 

death data from the 1985 survey were available fo r analysis. Only two 

groups* coronary artery disease and cancer* were large enough to make 

comparisons.

Determination. of_Somatotypes 

The somatotypes were predicted Independently by three d iffe re n t  

investigators. The estimation of somatotype was made b lin d  None of 

the Investigators knew the a th le t ic  status or whether the subjects were 

a liv e  or deceased when predicting somatotype. A fter the somatotypes 

were determined* a ll three met as a group to come to  a consensus on a 

somatotype for each subject. This system was used to  maximize the  

r e l ia b i l i t y  and o b jec tiv ity  of the method that was developed

The method for predicting somatotypes used data reported by 

Sheldon e t  al. In Atlas of. Hen (94). Forty-s ix  thousand men were 

used as subjects fo r th is  book. Each Individual was somatotyped* and 

age* height* and weight were determined There were 88 d iffe ren t  

somatotypes found For each somatotype a graph was plotted with the 

ponderal Index on the abscissa and age on the ordinate (Figure 3.1). 

These 88 graphs determined by Sheldon e t al. (94) were used to predict 

somatotypes. S im ilar data and graphs were generated fo r each subject 

1n th is  study. Then these data and graphs were compared with those 

presented 1n Atlas of. Men (94).
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SOMATOTYPE 444

17.40
13.4)
13.50
17.55 
17 60 
13.65 17 70 
13.75
12.50
13.55 17. VO 
13.95 
13.00 
1305 
13.10 
13 15 
13.20

4 326 33 38 5 8 6 3A G E  IB 23 46 5 3

Wcfg/if for Age and Height
Height

( indie)0
16 23 28

Age 
33 38 43 48 53 58 63

75 183 192 198 206 212 219 220 220 221 221
74 176 164 190 198 204 210 211 212 212 212
73 169 177 183 190 196 202 203 204 204 204
72 163 170 176 183 189 194 195 195 196 196
71 155 163 168 175 180 185 187 187 187 187
70 149 156 162 168 173 178 179 179 180 180
69 143 150 155 161 166 170 172 172 172 172
68 137 143 148 154 159 163 165 165 165 165
67 131 137 142 147 152 156 157 157 158 158
66 125 131 135 140 145 149 150 150 151 151
65 119 125 129 134 138 142 143 143 144 144
64 114 119 123 128 132 135 137 137 137 137
63 109 114 118 122 126 129 131 131 131 131
62 103 108 112 117 120 123 125 124 124 124
61 99 103 107 111 114 117 119 119 119 119

Figure 3 .1 .— One example of the 86 d iffe re n t graphs and data presented 
1n Atlas of Men. (From Sheldon e t  al.» 1954.)
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Since the data th at were generated by Sheldon e t al. (94) were 

cross-sectional and the data fo r th is  study were longitudinal* the 

Issue of height decrement had to be considered. As Indicated 1n 

Chapter I I *  the decrease In height is  neglig ib le before the age of 60. 

Because the data from th is  study th a t were used to  determine somatotype 

were from the age of 65 or ea rlie r*  the height decrement was not 

considered a problem. Therefore* d irect comparisons were made.

The basis of decision making fo r the determination of somato­

type used the absolute values of ponderal Index a t  specific  ages* the 

slope of the curve* the location of the peak of the curve* and the 

location and degree of the Increase 1n ponderal index a t the la te r  ages 

1f 1t existed. Unfortunately* the longitudinal data necessary to  

va lida te  th is  method of somatotype prediction are not available* How­

ever, subjectively the Investigators f e l t  th a t there was good agreement 

1n th e ir  ratings. In retrospect* th is  aspect of the study would be 

Improved I f  the level of agreement was quantified .

Description of the. S ta tis tic a l Analyses 

The Independent variable considered in th is  study was longev­

ity . A major problem with longevity studies 1s th a t each subject can 

have a d iffe re n t beginning point (b irth ) and d iffe re n t ending point 

(death) 1n the 1 nvestlgatloa Therefore* a t any given tim e 1n the  

study the age of death Is  unknown fo r  many of the subjects. To avoid 

losing the data from those who were not deceased a t the tim e of th is  

study* l i f e  tables were used to  predict age a t death. Therefore* l i f e
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tab le  age was used as the estimate of longevity. The BHDP S ta tis tic a l 

Software (18) was used to  generate the H fe -ta b le  data.

The somatotype rating system th a t was used In most of the 

comparisons was on a scale of 1 to  7 1n each of the three components: 

endomorphy# mesomorphy* and ectomorphy. When I t  was necessary to use 

graphs# the 88 d iffe re n t somatotypes were placed Into one of four 

groups based on Sheldon's orig inal book# The V arie ties  of Human 

Physique (93). The four groups were endomorph# mesomorph# ectomorph# 

and balanced, The other measures of body -type# ponderal index* 

we1ght/height# weight/height squared* and weight/height cubed# were 

compared by th e ir  absolute values.

In the s ta tis tic a l analyses several d iffe re n t comparisons were 

mada To consider the somatotypes of ath letes and nonathletes* t- te s ts  

were used to  compare the differences 1n the degree of each of the three  

components between the two groups. When the e ffe c t of somatotype and 

ath leticism  on longevity was considered# the Cox proportional hazards 

regression method was used This was chosen because survival analysis 

was used To fu rth er consider th is  Issue# analysis of variance was 

used to  compare longevity and the four somatotype groups, Subsequent 

testing  fo r  significance In the ANCVA was pairwise m ultip le  comparisons 

with the Scheffe method T-tests were used to  te s t the correlations of 

the various q u an tita tive  body-type measures with longevity# and a chi- 

square was used to  analyze the cross-tabulation of somatotype group 

with coronary artery disease and cancer. An alpha level of 0.05 was 

required to  obtain s ta tis tic a l significance In a ll comparisons.



CHAPTER IV

RESULTS AND DISCUSSION

The purpose of th is  study was to  evaluate the e ffe c t of d if fe r ­

ent measures of body type of longevity and morbidity. Somatotype and 

other q u an tita tive  variables were evaluated. The primary consideration 

was the role of somatotype 1n athlete/nonathlete longevity studies of 

th is  type. Also* the relationship between the d iffe re n t somatotype 

groups and specific  causes of death* such as coronary artery disease 

and cancer* were examined.

Somatotype and Athlete/Nonathlete Comparison 

Two-sample t - te s ts  (96) were used to compare the degree of 

somatotype 1n each of the three components between athletes and nonath­

le tes . Three hundred n inety-eight athletes were compared with 369 

nonathletes. Figure 4.1 Illu s tra te s  the differences 1n somatotype 

between the two groups. As noted* the athletes were s ig n ific a n tly  (p < 

.05) more mesomorphic and less ectomorphic than the nonathletes. No 

s ig n ifica n t differences were found between the two groups 1n the endo­

morphic component; however* the athletes were s lig h tly  less endo­

morphic. The results showing th a t athletes were more mesomorphic was 

expected since th is  was also found In two other studies (9* 74). How­

ever, the finding th at athletes were less ectomorphic has not been
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previously shown. Because many of the ath lete  subjects fo r th is  study 

were football players* the ectomorphic component may have been diluted. 

Since athletes and nonathletes do not have s im ila r somatotypes* when 

making longevity comparisons between these two groups somatotype should 

be considered.

The Relationship of Somatotype and 
Ath1e t1c1 sm__tQ__Lon_aey_1_ty.

When comparing both somatotype and athlete/nonathlete status 

with longevity* the Cox proportional hazards regression method (13* 18) 

was used. The global ch1-square (13* 18) of th is  analysis indicated 

th at together these variables were good predictors of l i f e  tab le  age (p 

= .001). The e ffec ts  of athlete/nonathlete status were tested by 

elim inating th a t variab le  from the possible predictors. The ch1-square 

tes t (96) using a Wald s ta t is t ic  (18) was not s ig n ifican t (p = .2853). 

"Therefore* somatotype alone Is  a s ig n ifican t contributor fo r predicting  

longevity Irrespective of a th le t ic  status. When a th le t ic  status alone 

was tested using a global ch1-square (13* 18)* no significance (p = 

.1894) was found. This fu rther supports the finding th a t somatotype 1s 

a good predictor of longevity and athlete/nonathlete status 1s not.

L ife  tables were used because subjects entered the study a t 

d iffe re n t times* and the subjects were d iffe re n tia lly  lo s t from the 

study. However* since these subjects were matched 1n the beginning* 

the losses may not be d iffe re n tia l. Therefore* m u ltip le  regression was 

used to  describe these data. The results of th is  analysis Indicated  

significant* positive relationships between l i f e  tab le age and
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mesotnorphy (p = .0210) and l i f e  tab le  age and ectomorphy (p = .0067). 

However, endomorphy was not Indicated as a s ig n ifican t contributor (p = 

.8499). Other analyses showed th a t the endomorphic component corre­

lated  most closely w ith longevity. This 1s contradictory to  the m ulti­

ple regression findings. Subsequent analysis Indicated a high degree 

of 1ntercoll1near1ty between endomorphy and mesomorphy (Table 4.1), 

which helps explain these differences. Because of the 1 ntercol 11 near- 

1ty, stepwise m ultip le  regression cannot be trusted. Further evalua­

tion shows th a t the nonexistence of certain  somatotype groups which 

would be mathematically possible resu lts In a b u ilt - in  negative corre­

la tio n  (Tables 4.2, 4.3, and 4.4). However, when a l l  three somatotype 

variables are entered In to  the Cox model, somatotype 1s a s ig n ifican t 

Indicator of longevity, and I t  accounts fo r approximately 2%  of the 

v a r ia b ility .

Table 4 .1 .— Somatotype correlation matrix.

Endomorph Mesomorph Ectomorph

Endomorph 1.0000
Mesomorph -.8263 1.0000
Ectomorph .3165 -.6322 1.0000

In summary, the Cox proportional hazards regression method 

Indicated th a t athlete/nonathlete status was not s ig n ifican tly  corre­

lated with longevity. On the other hand, somatotype was s ig n ifican tly  

correlated w ith longevity. Therefore, In ath lete/nonathlete longevity 

studies, somatotype should be considered as a s ig n ifican t v a rla b la
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Table 4 .2 .— Two-way cross-tabulation of the degree of endomorphy and 
mesomorphy.

1 2 3

Endomorphy

4 5 6 7

1 0 0 0 1 4 2 0
2 0 0 0 18 47 1 2
3 1 4 6 58 18 2 0

Mesomorphy 4 7 23 67 56 6 0 0
5 22 41 62 44 1 0 X
6 82 55 12 1 0 X X
7 110 13 1 0 X X X

Note: X denotes no such somatotype.

Table 4 .3 .—Two-way cross-tabulation of the degree of endomorphy and 
ectomorphy.

Endomorphy

1 2 3 4 5 6 7

1 50 24 3 6 1 3 1
2 113 44 28 35 18 0 1
3 29 31 51 57 36 2 X

Ectomorphy 4 22 26 54 55 21 X X
5 7 11 12 25 0 X X
6 1 0 0 X X X X
7 0 0 X X X X X

Note: X denotes no such somatotype.
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Table 4 .4 .— Two-way cross-tabulation of the degree of mesomorphy and 
ectomorphy.

1 2 3

Mesomorphy

4 5 6 7

1 0 2 2 1 6 23 54
2 0 13 4 15 50 87 70
3 2 26 24 47 67 40 X

Ectomorphy 4 4 16 40 71 47 X X
5 1 11 18 25 X X X
6 0 0 1 X X X X
7 0 0 X X X X X

Note: X denotes no such somatotype.

Somatotype and Longevity Comparisons 

The athlete/nonathlete data were pooled* and the four somato­

type groups were compared with longevity (Figure 4.2). An analysis 

of variance (96) indicated a s ig n ifican t difference (p = .001) among 

the four somatotype groups of the pooled data. A pairwise m ultip le  

comparison post-hoc of the four groups with the Scheffe method (96) 

showed th at the endomorphs d iffered  (p < .05) from the three other 

groups. The average length of l i f e  fo r endomorphs was less. This 1s 

consistent with a s im ila r investigation by Damon (15)* who studied 

previous Harvard University students. The other comparisons were not 

s ig n ifican t.

The athlete-group data* when analyzed alone* exhibited s im ila r  

results to  the pooled-data results (Figure 4.3). The analysis of 

variance was s ign ifican t (p = .0012). The Scheffe post-hoc (96) also
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showed th a t the endomorphic group had a shorter average l i f e  than the 

other three groups Cp < .05). When considering the other three groups* 

the ectomorphs were the longest lived . The balanced group was second 

longest* and the mesomorphs were th ird . These three groups were very 

close In mean age a t death and were not s ta t is t ic a lly  s ig n ifica n t.

When nonathletes were considered alone* s lig h t differences 1n 

longevity were found among the somatotype groups (Figure 4.4). An 

analysis of variance (96) using nonathlete data only was also s ig n if i­

cant (p = .0308). When pairwise m ultip le  comparisons were made with  

the Scheffe method (96)* only the mesomorphic and endomorphic groups 

varied s ig n ifican tly  (p < .05). The mesomorphs lived  s ig n ifican tly  

longer than the endomorphs. The balanced group had the next highest 

mean age at death* followed by the ectomorphs* but the differences were 

not s ta t is t ic a lly  s ign ifican t.

In conclusion* when considering athletes* the endomorphic group 

had a shorter average l i f e  span than the ectomorphic* mesomorphic* or 

balanced groups. When considering nonathletes* the only s ta t is t ic a lly  

s ig n ifican t difference in average length of l i f e  was between the 

shorter-!1ved endomorphic group and the mesomorphic group.

HeJ.ght_and_We1ght Measures_and_ Longevity Comp ariso n s  

Several measures of body type using height and weight during 

college were used to  make comparisons with longevity. The values 

considered were wt/ht» w t/ht^ , wt/ht^» and ponderal Index. M u ltip le  

correlations (96) were run to  compare these four variables w ith l i f e
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tab le  age using a t - te s t  fo r analysis. When the to ta l group of sub­

je c ts  was considered* w t/h t correlated the best with age a t death* 

followed by w t/h t2* w t/h t3* and ponderal Index. Only w t/h t was found 

to  be a s ig n ifica n t predictor (p = .0105). These results are lis te d  1n 

Table 4.5. Therefore* the best predictor of longevity among these 

variables 1s h t/w t. This 1s an Inverse relationship and 1n general* 

when weight Increases* the h t/w t decreases and expected longevity 

Increases.

Table 4 .5 .—Correlations of height/weight variables with l i f e  tab le  
age of the 738 subjects.

Correlation Significance

w t/h t -.0947 .0105
w t/h t2 -.0549 .1384
w t/h t3 -.0089 .8105
ponderal Index .0055 .8816

When only the ath le te  group was considered* w t/h t was also 

found as the only s ig n ifican t correlate (p = .0075). This was also a 

negative correlation a t -0.1363. The other results are lis te d  In Table 

4.6, which shows w t/h t2 as the second best predictor* ponderal Index as 

th ird  best* and w t/h t3 as the worst. Therefore, the athletes resemble 

the to ta l group when considering h t/w t.

The nonathlete group did not show s im ila r results to  the 

ath le te  and to ta l groups. There were no s ig n ifican t relationships  

between nonathletes and any of the four variables. These results are
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lis te d  1n Table 4.7. Despite the fac t th a t none was significant# w t/h t 

was the best predictor# followed by ponderal Index# w t/h t3# and w t/h t2.

Table 4 .6 .— Correlations of height/weight variables with l i f e  table  
age of the 364 athletes.

Correlation Significance

w t/h t -.1363 .0075
w t/h t2 -.0916 .0730
w t/h t3 -.0331 .5178
ponderal Index .0370 .4692

Table 4 .7 .— Correlations of height/weight variables  
age of the 354 nonathletes.

with l i f e  table

Correlation Significance

w t/h t -.0558 .2955
w t/h t2 -.0088 .8690
w t/h t3 .0333 .5324
ponderal Index -.0419 .4320

Using quan tita tive  variables of height and weight a t college as 

predictors of longevity must be done with caution. The results of th is  

analysis are not consistent with the literatures I t  1s lik e ly  that 

none of these variables are good predictors. No s ig n ifican t d lf fe r -  

ences were found when studying nonathletes. When considering athletes# 

only the w t/h t was s ign ifican t and the correlation was only .1363. 

Therefore* these variables would not be considered good predictors of 

longevity In general.
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Somatotype and Coronary Artery Disease Comparisons 

The four somatotype groups were used to  compare with the p r i­

mary causes of death. To analyze the coronary artery disease (CAD) 

data, a comparison was made between the subjects who had died of CAD 

and the subjects who had died of other causes In each of the somatotype 

groups. The results are Illu s tra te d  1n Figure 4.5. A ll the somatotype 

groups had approximately 50% of the deaths due to  CAD except the ecto­

morphs. Since only f iv e  ectomorphs had a known cause of death# there  

were too few subjects to draw any good conclusions. A chi-square te s t  

(96) was used to  analyze these comparisons. No s ig n ifican t difference  

(p = .6779) was found. Therefore# no single somatotype group was 

determined as being more prone to  CAD than other groups. A lim itin g  

factor 1n th is  comparison could be the low number of subjects (134) who 

had a known cause of death.

Somatotype and Cancer Comparisons 

Cancer was also compared with other causes of death 1n each of 

the four somatotype groups. Figure 4.6 Illu s tra te s  these results.

Using a ch1-square te s t (96) to  analyze the differences 1n these four 

groups# no significance (p = .7194) was found. Cancer was therefore  

not s ig n ifica n tly  more prevalent as a cause of death 1n any one of the 

somatotype groups. Although 1t 1s not significant# the data Indicate  

that the endomorphs are more lik e ly  to die of cancer. The low number 

of subjects (134) 1n th is  comparison was a lim ita tio n  as w ell.
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CHAPTER V

SUMMARY# CONCLUSIONS, AND RECOMMENDATIONS 

Summary.

The purpose of th is  study was to  evaluate the e ffec t of 

d iffe re n t measures of body build on m ortality  and morbidity.

Somatotype# wt/ht# w t / h t w t / h t ? #  and ponderal index were considered.

Seven hundred sixty-seven subjects who had attended Michigan 

State University before 1938 were used fo r th is  study. This group 

consisted of 398 athletes and 369 nonathletes, A somatotype was 

predicted fo r each subject# and the four height/weight measures were 

calculated using height and weight while 1n college.

The analyses Indicated th a t athletes were more mesomorphic and 

less ectomorphic than nonathletes. When longevity was considered# 

ath letic ism  was not a good predictor. Somatotype# however# was a 

s ta t is t ic a lly  s ig n ifican t predictor. The endomorphic group was shorter 

lived  than the other three groups.

When the q u an tita tive  variables were compared# only w t/h t was 

a s ta t is t ic a lly  s ign ifican t predictor of longevity. When nonathletes 

were considered# none of the height/weight variables was s ignificant. 

Only 1n the ath le te  group was h t/w t a s ta t is t ic a lly  s ign ifican t predic­

to r of longevity.

^9
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The relationship of somatotype and coronary artery disease 

(CAD) and cancer was also examined No s ig n ifican t relationships were 

found In these lim ite d  data Unking a specific  somatotype group to  CAD 

or cancer.

Conclusions

1. Athletes were more mesomorphic and less ectomorphic than 

nonathletes.

2. Somatotype 1s a good predictor of longevity* when compared 

with ath letic ism . Therefore* somatotype should be considered 1n 

athlete/nonathlete longevity studies,

3. In general* endomorphs l iv e  s ig n ifican tly  shorter lives.

In ath letes the endomorphs d if fe r  s ig n ifican tly  from mesomorphs* 

ectomorphs* and balanced Individuals. Only the endomorphs and 

mesomorphs d if fe r  1n the nonathlete group.

4. The best height/weight predictor of longevity 1s w t/ht. 

This 1s s ig n ifica n t 1n the a th lete  group but nonsignificant In the 

nonathlete group.

5. There 1s no s ig n ifican t difference among the four somato­

type groups and the likelihood of dying from CAD or cancer.

Recommendations

1. S im ilar studies should determine somatotype a t the 

beginning of the investigation.

2. Follow-up studies should be considered un til a l l  the 

subjects are deceased.
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3. S im ilar studies should be conducted on female athletes and 

nonathl etes.
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APPENDIX A 

BREAKDOWN OF ATHLETE SUBJECTS BY SPORT
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Breakdown of Athlete Subjects by Sport

Sport N

Football 121

Basketball 12

Track/cross country 13*t
Baseball 59
Other 72

Total 398



APPENDIX B

QUESTIONNAIRES 

(1952 ,  I 9 6 0 ,  1968,  1976, 198*4)
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HICHIGAR STATE UNIVERSITY 
D epartm ent o f  H e a l th ,  P h y s ic a l  E d u ca tio n  and R e c re a tio n

FOLLOW-UP STUDY OF LONGEVITY AND MORBIDITY OF 
HALE GRADUATES OF MICHIGAN STATE UNIVERSITY

NAME OF ALUMNUS (P le a s e  p r i n t )  

PRESENT ADDRESS ________________

D ate

MARITAL STATUS (Check one)  H a rr ie d   S in g le   Widowed  D ivorced

PRESENT WEIGHT ______ l b s .  I f  y o u r w e ig h t hoe changed more th a n  15 l b a .
w i th in  th e  l a s t  seven  y e a r s ,  p le a s e  e x p la in

RACE W hite  Negro  O th e r

PRESENT OCCUPATION ______________ From 19 to  19

ANY PREVIOUS FULL TIME OCCUPATIONS:
1. _______________________
2 . __________________
3. _____________________
A . _______ _______

_From 19__  to  19_
_From 19 to  19_
_From 19 to  19_
From 19 to  19

SICKING HABITS:
(P leaB e check o n ly  th o se  w hich ap p ly )

 Smoke  Do n o t smoke
( I f  you do n o t smoke, p le a s e  d i s r e ­
g a rd  th e  rem a in in g  q u e s tio n s  in  t h i s  
s e c t io n )

C i g a r e t t e s :

DRINKING HABITS
(P le a s e  check  o n ly  th o s e  w hich ap p ly )

 D rink   Do n o t d r in k
( I f  you do n o t d r in k ,  p le a s e  d i s r e ­
gard  th e  rem a in in g  q u e s t io n s  in  t h i s  
s e c t io n )

B eer:
1 . Leas th a n  1 /2  pack p e r  day__ 1 .
2 . 1 /2  to  1 pack p e r  day__ 2 .
3 . Over 1 pack  p e r  day__ 3 .

C ig a rs : Wine:
1 . L ess  th a n  3 p e r  day__ 1 .
2 . 3 to  6 p e r  day__
3 . Over 6 p e r  day__ 2 .

3 .

P ip e : Whiskey
1 . L ess  th a n  A bowls p e r  day__ 1 .
2 . A to  10 bow ls p a r  day__ 2.
3 . Over 10 bowls p e r  day___ 3. 

A.
Chew:

1 . L ess th an  1/A pack p e r  day__
2 . 1/A to  3/A pack p e r  day__
3 . Over 3/A pack p e r  day__

O cc as io n a l b o t t l e
1 to  3 b o t t l e s  p e r  day__
Over 3 b o t t l e s  p e r  day__

O cc as io n a l g la s s  o th e r
th a n  f o r  r e l i g i o u s  u se__
D ally  b u t l e e s  th a n  1 /2  
b o t t l e __
Over 1 /2  b o t t l e  p e r  day__

O c c a s io n a l g la s s __
1 to  3 s h o ts  p e r  day__
A to  6 s h o ts  p e r  day__
Over 6 s h o ts  p e r  day__
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LONGEVITY OF BROTHERS AND SISTERS: ( I f  any o f  your b r o th e r s  M id  s i s t e r s
have d ie d  in  th e  p a s t  seven y e a r s ,  p le a s e  f u rn is h  In fo rm a tio n  re q u e s te d )

R e la t io n s h ip  Cause o f  D eath Age a t  D eath

B r o t h e r s ______________________________ _____________________

S i s t e r s

MEDICAL HISTORY: Whet a i lm e n ts  have you had In  th e  l a s t  seven  y e a rs?
(Exam ples: C oronary  T hrom bosis, H igh Blood P re s s u r e ,  C ancer, D ia b e te s ,
TB, e t c . )  ARe a t  O ccu rrence

1 . _______________________________________________
2 .   ___________
3.
I t .  _  _____________________________________________ _________

FAMILY: Do you have any c h i ld r e n ?   Yes  No
( I f  y o u r  answ er I s  y e s , p le a s e  f u r n i s h  In fo rm a tio n  re q u e s te d )

S ons: Number l i v i n g ___ Number d ec ea sed ____
Age and ca u se  o f  d e a th

D a u g h te rs : Number l i v i n g ___  Number deceased^
Age and cause  o f d e a th  __________

NON-VOCATIONAL ACTIVITY RECORD FOR THE PAST YEAR:

1 .  Do you Mow your own lawn? Do o th e r  y a rd  o r  house  m ain tenance? 
( P le a s e  d e s c r ib e )______________________________________________________

2 . Do you  Have a  garden? What do you do I n  c o n n e c tio n  w ith  th is ?

3 . Do you  Do any s i t t i n g  up e x e r c is e s  In  th e  w in te r?
In  th e  su o se r7  How lo n g  does each  s e s s io n  l a s t ?  _ _ _ _ _ _ _ _

When was th e  l a s t  tim e?__________________ The tim e b e fo re  th a t?

4 .  Do you w alk  o r  b ik e  to  work? ________________ How f a r ?  ___________
How o f te n ?  __________________________________________________ ______ __

5 . Do you have any h o b b le s  o r  engage in  o th e r  n o n -v o c a tlo n a l work 
o r  r e c r e a t io n  r e g u la r ly ?  EXCLUDING SPORTS ( P le a s e  l i s t  below ) 
Hobby o r  A c t iv i ty  How O fte n  Do You P a r t i c ip a t e ?
i .  _ _ _ _ _ _ _
b . ____________________________________________________________________

d .
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6 . What s p o r t s  d id  you engage in  r e g u la r l y  d u r in g  th e  p a s t  stu m er 
m onths? (P le a se  u se  th e  l i s t  below  as  a  gu id e )
S p o rt How O ften? When Was th e  L a s t Time? The Time B efore?

a .
b  . _____________________________________________________________________________
c .
d  . _____________________________________________________________________________
e .  ___

7 . What s p o r t s  d id  you engage In  r e g u la r l y  d u r in g  th e  p a s t  w in te r  
m onths? (P le a s e  use  th e  l i s t  below  a s  a  gu ide)
S p o rt How O ften? When Was th e  L as t Time? The Time B efore?

a .   ___________  __________________
b . ______________________ _____________________________________
c .
d  . _____________________________________________________________________________
e . ____________________ _________________________________
£ .    ___________

LIST OF SPORTS ACTIVITIES
A ngling  ( f i s h in g ) I c e  B o a tin g
A rchery J a l  A la i
Badminton J u J i t s u
B a se b a ll Lawn Bowling
B a s k e tb a ll M ountain C lim bing
B ic y c lin g P ad d le  T en n is
B ir l in g Po lo  (h o rse )
B ob-S ledd ing Po lo  (w a te r)
Bowllng Rowing and S c u ll in g
Boxing S a i l in g
Canoeing S h u ff le b o a rd
C odeball S k a tin g  ( I c e )
C r ic k e t S k a tin g  ( r o l l e r )
C ross C ountry S k ee t a n d /o r  T rap S h o o tin g
C u r lin g S k iin g
F encing Snow S hoeing
F ie ld  B a l l Squash R acke ts
F o o tb a ll Swimming
G olf T ab le  T enn is
G ym nastics T en n is
H andball T ra ck  and F ie ld
H ik ing T rap p in g
Hockey ( f i e l d ) V o lle y  B a ll
Hockey ( I c e ) W alking C o m p etitiv e
H orseback  R id in g W eight L i f t i n g
H orseshoe P i tc h in g W re s tl ln g
H unting
H u rlin g
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Serial No-----
SECOND FOLLOW-UP OF THE LONGEVITY 

AND M ORBIDITY OF MALE GRADUATES OF  M ICHIG AN STATE UNIVERSITY
Namenf Alumnm. Date___
Street C ity    State______ ________

PERSONAL INFORMATION
1. Have there been any change* in your marital statu* since 1960 (our previous follow up)?

Yes □  No □
{ I f  yes to question 1, answer A; i f  no. move on to question Si

A. Please Explain ----  --------

2. Present weight lbs. A. Have you lost 15 lbs. or more since I960:1 Yes 0  N o 0
( I f  yes to question A, answer I and 2; i f  no, move on to question 3]

1. How many times did you lose this much weight? 1-2 times 0  3 or more times 0
2. Any specific reason for these weight fluctuations?

3. Height (in tn rW t
4. Which o f these body type classification do you feel is closest to your body build?

Stocky 0  Medium 0  Slender 0

O C C U P A T IO N A L  IN F O R M A T IO N

5. Are you presently working {Job or self employed)? Y’es 0  No 0  
( I f  no, answer A; i f  yes, move on to  question 6j

A. Have you had a Job or been self employed at any time since 1960? Yes 0  No 0  
( I f  no, skip to question 7; if  yes, move on to question 6)

6. Answer the following questions about your present occupation or the last Job you have had since I960.
A. What kind o f work I for example, engineer, teacher, A tv in ri
B. About how much time on the Job is spent sitting?

Practically all 0  More than ha lf 0  About ha lf 0  Almost none 0
C. About how much time on the Job is spent walking'11

Practically a ll 0  More than half 0  About h a l f 0  Almost none 0
D. About how much walking getting to and from your job? Blocks M ite s_____
E. What type of transportation do you use to and from your Job (check a ll that apply)

Subway 0  B u s 0  C a r 0  Bicycle 0  Others (Please describe)_____________________
F . How often do you have to lift heavy weights or carry heavy things on the job?

Frequently O  Sometimes 0  Very- Infrequently lor never) 0
C. How many hours a week do you work on your Job?  (Hours per week)
H. How much tension in  your job? Great Deal 0  Some 0  Very' L itt le  0  None 0
I . Any responsibility for supervising other workers on the Job? Yes O  No 0  

( I f  yes, answer L  i f  no, move on to J)

1, About how- many on the average do you supervise?______

J. When did you start on this job? Year
K. Just before this Job were you doing the same type of work?

Yes, did the same type of work 0 .  I was on that job ____years. No, this was my first job 0 .
No, did different type of work 0 .  I f  you check this item, please answer the following questions. 
1.2. 3. and 4:

1. How long did you do this different type of work? — . years.
2. What kind o f work was it?
3. On this job d id  you spend more or less time sitting than your present Job?

More Q  Less Q  S am e 0
4. Was there more or less walking on this earlier Job than on your present (or last) Job?

Mote 0  Less 0  S a n ir0



61*

LEISURE T IM E  ACTTVTTIES
7. How often do you do the following* (For each Activity listed, please chccL whethei you do It frequently, 

sometimes, or very Infrequently.)
Frequently Sometimes Very Infrequently

(Or Never)

A. Take walk in good weather o □ □
B, Work around the house or apartment □ □ 0

(painting, repairing, etc.)
C. Cardening in spring or summer □ D 0
D. Take part in sports during season 0 □ □
E. I f  you ta le  part In sports, please indicate what kind of sports and frequency either by the week or year.

SPORT
□  A n g lin g  * /W n n c f
□  Archer)
G  Badminton
□  BdwtwII 
G  E U tk r lb jI l
□  Bicycling
□ Bub-SInMing
G  Bo* ling lefcdudeUw nbow liinheieT 
G  BotinR
□  C antw ihB  
G C o d rb a ll
□  Cricket
G  Cross Country 
G  C urling 
Q  Fencing 
Q  Football 
D  G olf 
D  G ym rw ilic *
G H a n d b a ll 
G  H ik in g  
G Hoikefc ihe ld- 
G  Hi»ckr> l ir r J
G H'tkeb-tL hiding 
Q  Hnneslme P itch in g  
C Hunting 
Q  h r  Boa ting
□  ja i  A U i

F iequr ncy 
Pei Wk Oi Per Yi, SPORT

□  Judo
Q Lawn Boiling
□  M ountain C lim bing
□  Paddlr T rn n li 
G  Polo Ihorstf 
G  Poto iM'nlerl
□  Rowing 6  Sculling 
G  ShuHlrboard
O  Skating lice*
G  Skating tro lled  
G  Skiing 
G  Snow Shoeing 
G  Squash Racket*
G  Sw'lninung 
C  T a b lr T f  nn ii 
G  Tenniv 
Q  Trark &  Field 
D  Trapping 
O  Volleyball 
D  Weight L iltin g
O  Wrestling

Frequency 
PerW k or Pet Yf.

□ . □ . 
D - □ .

Other*.

F. Have you been using an exercise plan at any time during or since I960' 
Ilfyes  to question F, answer I  and 2: I f  no. answer question C)

Yes □  No □

1. Please check how often you used this plan. Frequently □  Sometimes Q  Very infrequently Q

2. Cive a brief explanation of the exercises and amounts of time spent.

C. Up t i l l  the time you graduated from high school did you live mostly on the fa rm ? 0  How many 
years'1 Or did you live in the city? 0  How many years?   _

D IE T  RECALL
8. List the thing* you ate and drank yesterda) fthix should preferably be a wreh day) When possible, give 

the specific name of the item, e.g., Fresca oi Coca Cola, rather than soft drink: McDonald s hamburger, 
whole m ilk, skim milk, haU and half, rathei than just m ilk. Indicate the amount you ate or drank in 
terms of cups (200 m l), tablespoons, teaspoons, ounces, numbers and approximate size, e.g.. small, large, 
medium for fruits, vegetables, etc.
You may list meats either in ounces or size o f pieces: one hamburger patty (3" diameter a 1" th ick i 
weighs 3 oz.; an average serving of steak 13" x 3 " x Vi” ) weighs 3 oz. Be sure to include everything you 
ate or drank yesterday — candy, liquor, coffer (list sugar and cream, i f  used), popcorn, potato chips, etc., 
as well as yuut regular meals. To help you estimate sizes, a rule is marked of! on the edge of this pagr.

15546
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BrtaW ait

Item
Amount or

filJr

Lunch
Amount oi 

Sue

DinT.tr

Urn-
Amount or 

Sl2F

Mormnc Snarls

I l f  m
Amount or

Afternoon Snark*

Item
Amount oi 

Sizt

Evening Snack*

Item .
Amount or 

S in

A. Check date o f diet record. S u n .0  M o n .0  Tues. 0  W e d .0  T hu rs .Q  F r i . 0  Sal, 0  
£ . D id  yesterday's meals Include any special or unusual event, e.g., party, birthday, anniversary, picnic, 

etc.? Yes 0  N o 0  
1. I f  yes, what was It?

C. Does the abovr represent jour usual day’s food intake? Yes 0  No 0  
1. I f  no, how did It differ from your usual in t a k e ’-1

D. Check the column which indicates the approximate frequency w ith  which you consume each food.

Fun il n-.K U rrL U Never
W h n l*  m i l l
C ream  or h a lf and h a lf
I re  cream  nnt Ice m i l t
C h r r t t  lo t  1*1 than  co ttag e '
B u tte r
M argarine
Sour cream
Salad r i r t t i in g *  •nnt \ t r *  c a lo r ic
Ek '
t i t a i y
Fa l ■rrwinrt meal
F o rt
Veal
F re n ch -fr ird  p o ta to * !
F ried  m eat. Ine rt pn tn loe*. etc,
O ther d re t^ fa r In e d  I ihkU

Ford D a ih ppi,K Ni i r r
F l i l i  .

Cream or rtitM tr? me*
Cream pud tim t*
Suaar to r ^ i t t . I t i.  et<
Sugar on cereal
Sugar on fru it* vegeiabtes
Fro ited  caVr*. b row m rv 

tweet ro ll*  etc
Soft d rink* 1 other than 

low or non-catnrir1
H on n
Jelh . |am, p re te rit**  marmalade
5 v ru i*  ion p a n k ile "  a i f f l n .  r k . t

S w rrtrned  fru it Juicet. ly r tfp v  r t r

9. Do you drink coffee? Yes 0  No 0  ( If  yes, answer question a; i f  no, go on to question 10) 

A. What is the average number o f cups per day? 1-3 0  4-6 0  7-9 0  more 0  .

SMOKING HABITS
10. Do you smoke at the present time? Yrs 0  No 0  ( I f  yes to question 10, answer A and Bi

A. About how old were you when you first began to smoke? „ Y u  nld.
B. What I t  the average number of cigarettes 

(continue on to question 111
c ig a rs plficflllt. you smoke per da).

( I f  no to question 10, answer C)

C. D id you ever smoke regularly^ Yes 0  No 0

(If yes to C, answer 1, 2, and 3, i f  no. move on to question 111
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1. About how old were you when you darted smoking? _ Vrs flirt
2. About how old w o t  you whe n you stopped smokingv . Y n  old
3. When you were smoking. what was the average number o f cigarettes cigars pipeful*

that you smoked per day?

D M K K IN C  HABITS
11. Do you drink at the present time? Yes Q  No □  

( I f  yes to question 1). answer At

A. Please rheck the amounts you usually drink.
Beri W u if W hlsLt} igin. r t i  l

0  0cc4Muiu1 b n ll lr  0  O vU '-km -t p liA \ otb*r l lu n  fnr religious m r  0  O rf^ iid T u I g t***
n  1 lo 3  per 0  D jiiI) hut tr%% l l^ n  i .  bottle p 3  h* 6 ibut% p f i  d *)
0  ovrr 3 bo ltks  p r i r i j j  0  U%n *, bold* per dd> * 0  o%rr 6 thut* per d ^ j

____________________(continue on to question 12>

( I f  no to question 11, answer B)

B« D id  you ever drink regularly? Yes □  No Q

(If yes to question B, answer 1 and 2: i f  no, go on to question 12>

1. Please give the number o f years that you drank regularly before you quit Y t i . ,  and w h y

v o n  n u l l

2 . Please check the amounts you usually drank.
Ben t t im WhisVf) »,in. e tr.i

□  Occasional bo llle □  O rcaiinna! f la w  D lhrt than for iclnUnus u *t □  Occasional alas*
Q  1 tv 3 b o l l lr ,  per da) L }  D a l!) , bill I f * '  lhah b o lltr L J 3  Iti 6 shot' per da*
D  <n f t  3 butt If*  |t fr  das Q D i n  \  b n ii lf  |wr d j) Cjoscr 6 shot, per rla)

HEREDITARY HISTORY
12. I f  there are any changes in this history since I960, w ill you please bring this information up to date, and 

make any additions or corrections in the data listed below.

RELATIONSHIP I f  Living I f  Dereased
Ace Ailment, i f  any Age at Death 1 Cause o f Death

Father 1
Mother
Biothcrs

Sisters

A, ynthgf'fcfw iipaH nii---------------------------------------------------------------------------------------- ----

M E D IC A L  HISTORY
13. I f  you have had any o f these diseases since 1960, w ill you please bring this information up to date. 

Make any correction or addition in  the data we listed below.

Agr.il A»r ytiii Mill Art you lAing
A»)ni'-iii Onvrl troLiblril u illi nivdurfticn in

fhi'rniirithiiH'' trr*ffivnr Bn i t 4

Hlfcli  B L# *d  W r S M I It  
Al lglH.t  I 'M t ( t m  
SItuLi lO irh id l ThnnHt^'*!*- 
I l t . i r l  A t l r f i l  (  o m r i . n t  
Hhruruilu H u if  
f^lH t-(
D i i i h  I t  %

Tlibr-n i■ liioi\ 
ri1 n
l,i%■ i Ailim nr 
Aitln i t«<k 
r.itut 
i i t l n  r

 ̂f '
“1 3
D -i
d

f

]
j
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Serial N»

T H IR D  FOLLOW-UP OF TH E  LO N G EVITY  
AN D  M O RBID ITY  OF M A LE  GRADUATES OF M IC H IG AN  STATE U N IVER SITY

Name of A lum nus .__________________________________________________ Date_____________

Street_______________________________— C ity ------------------------------------------ S tate____________

Social Security Num ber__________________________

P E R S O N A L  IN F O R M A T IO N
1. Have there been anv changes in  your m arita l status since 1968 (our previous follow-up)? 
Yes □  No □
( I f  yes to question 1, answer A : i f  no, move on to question 2)

A. Please E xp la in ____________________________________________________ ____________

2. Present w eight lbs. A . Have you lost 15 lbs. or more since 1968? Ye6 □  No □

O C C U P A T IO N A L  IN F O R M A T IO N
3. Are you presently w orking (job or self employed)? Yee □  No D 
( I f  no, answer A ; i f  yes, move on to question 4)

A . Have you had a job  or been self employed at any tim e since 1968? Yes □  No O 
( I f  no, skip to question 5; i f  yes, move on to question 4)

4. Is th is the same job you reported on the 1968 questionnaire? Yes P  No D 
( I f  yes, move on to question 5; i f  no, answer the fo llow ing questions A  through J.
A. What k ind o f work (for example, engineer, teacher, doctor)__________________________________
B. About how much tim e on the job  is  spent sitting? '
P ractica lly a ll □  More than h a lf □  About h a lf □  A lm ost none □
C. About how- much lim e on the job is spent walking?
Practica lly a ll □  More than h a lf P  About h a lf □  AlmoBt none □
D. Do you ever w alk to or from work? Yes □  No P
I f  yes, how fa r do you walk? B locks-------------- M iles_How m any times a year________
Do you ever bicycle to and from work? Yes P  No Q  I f  yes, how fa r do you cycle (both ways)?
Blocks M iles Number o f times per year_____________________________________________
E. What type o f transportation do you use to and from your job (check a ll tha t apply)?

Subway□  Bus □  C a rP  Bicycle □  W alking P  Others (Please describe)_____________________
F. How often do you have to  l i f t  heavy weights or cany heavy thingB on the job?
Frequently □  Sometimes P  Very infrequently (or never) □
G. How many hours a week do you work on your job? (Hours per week)
H. How-much tension in  your job? Great deal P  Some □  Very little  P  N oneP
I. Any responsibility for supervising other w-orkers on the job? Yes □  N oP  
( I f  yes, answer 1; i f  no, move on to j )

I 1 Ahniil h n w  m a n y  o n  th e  nyernpe rin  vnu mipervmpV

J, When did you sta rt on th is  job? Year_________

L E IS U R E  T IM E  A C T IV IT IE S
5. How many hours a m onth do you do the following activities and which months? (List 
number of hours involved in each ac tiv ity  under the m onlh lM  you participate. Leave 
blank where not involved.)
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i  i  £ I  1 £ - i t  x  $ £t  u.  I  <  X  - > - ) < M  O Z Q

Fishing -  bank. bool, ice 
Fishing - wading 
Archery, target 
Badminton 
Baseball -  herd, soil 
Baskolball 
Bicycling • pleasure
Tobagganing. sleoding_______
Bowling. Including lawn 
Canoeing or rowing 
Jogging
Curling---------------------------------
Fencing
Gardening
Lawn mowing • riding 
Lawn mowing - power mower— 
Lawn mowing • hand mower 
Snow shoveling 
Goll -  walking
Golf -  power c a rt_____________
Handball, including paddiebali, 

racket and squash 
Walking •  back packing
Walking -  croas country______
Walking -  mountain climbing 
Walking -  pleasure 
Home workshop (carpentry}
Horseback rid in g ____________
Horaeshoe ptlching 
Hunting • bow and gun 
Sailing -  ice and water 
Judo, including karate 
Paddle tennis 
Rowing, skulling 
Shullleboard (not hand)
Skating -  ice, roller-------------------
Skiing • downhill 
Skiing - cross country 
Skiing •  water 
Snowthoei ng 
Dancing -  ballroom 
Dancing - square 
Swimming -  pleasure
Swimming • exercise — __
Table tennis 
Tennis -  singles 
Tennis • doubles 
Volleyball —
W eight lilting 
Calisthenics - home 
Calisthenics - Health C lub—  
Others;



6. I f  you hove been routinely exercising under a home exercise plan or Health Club plan (commercial, 
Y.M.C.A., A th le tic  Club, etc.) answer the fo llow ing questions:
A . Number o f hours per m on th  .which monthB (circle); Jan., Feb., Mar., Apr., May. June, July,
Aug., Sept., Oct., Nov., Dec.
B. W hat type o f exercises?_____________________________________________________________________

D IE T  R E C A L L
7. L is t the th ings you ate and drank yesterday (th is should preferably be a week day). When possible, give 
the specific name o f the item, e.g.. Fresco or Coca Cola, rather than soft d rink ; McDonald's hamburger, 
whole m ilk , skim m ilk , h a lf and ha lf, ra ther than just m ilk . Indicate the amount you ate or drank in terms 
o f cups (200 ml), tablespoons, teaspoons, ounces, numbers and approximate sire, e.g., small,large, medium 
for fru its , vegetables, etc.

You m ay lis t meats either in  ounces or size o f pieces: one hamburger pa tty  (3" diameter x 1”  th ick) 
weighs 3 oz.; an average serving o f Bteak (3" k 3" x ’/ / ’) weighs 3 oz. Be Bure to include everything you a te or 
d rank yesterday — candy, liquor, coffee (lis t sugar and cream, i f  used), popcorn, potato chips, etc., as well as 
your regular meals. To help you estimate sizes, a rule is marked o ff on the edge o f th is  page.

Breakfast Morning Snacks

Item
Amount or 

Size Item
Amount or 

Size

Lunch Afternoon Snacks

Mem
Amount or 

Size Item
Amount or 

Size

Dinner Evening Snacks

Item
Amount or 

Size Item
Amount or 

Size

A. Check date o f diet record: Sun. □  M o n .D  Tues. D Wed. □  Thurs. □  Fri. □  S n t.D
B. D id  yesterday’s meals include any special o r  unusual event, e.g., pa rty , b irthday, anniversary, picnic, 
etc.? Yes □  No □  1. I f  yes, w hat was i t ? _________________________________________________
C. Does the above represent your usual day's food intake? Yes □  No □
1. I f  no, how did i t  d iffe r from  your usual intake?_________________________________________.___ __
D. Check the column which indicates the approximate frequency w ith  which you consume each food.

Food Daily' Weekly Never Food Dally Weekly Never
W hole milk Fish
Cream or half and hall Beet
Ice cream  (not ice milk) Cream or custard pies
Cheese (other than cottage) Cream puddings
Butter Sugar: In collee. tea. etc
Margarine Sugar on cereal
Sour cream Sugar on fruits, vegetables
Salad dressings (not low calorie) Frosted cakes, brownies.
Eggs aweet rolls, etc
Gravy Soft drinks (other than
Fat around meBt low or non-calorie)
Pork Honey
Veal Jelly, jam. preserves, marmalade
French-lneo potatoes Syrups ion pancakes, waffles etc.)
Fried meat fried potatoes, etc Molasses
Other deep-fat tried loods Sweetened (run imces, syrups etc
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E. Do you d rink  coffee? Yet □  No O  ( I f  ye6, answer question A , i f  no. go on to question B)
A. What is  the average number o f cups per day? 1-3 □  4-6 D  7-9 D  m oreD

S M O K IN G  H A B IT S
8. I)o you amoke at the present time? Yes □  N o D  ( I f  yes to question 8 answer A and B; i f  no. 
answer C ) _______________________________________ __________ ______ __

A. What is the average number o f cigarettes , cigars _ ,  and/or p ipefulls —  you smoke per day'.’j
B. Have you Btopped at any time between 1968 and now? Yes □  N o D  I f  yet. how long did 
you stop ?________________________  |

C. D id you smoke regularly any tim e between 1968and now? YesD N o D  I f  no, go on to question 9,> 
I f  yes, how long?________How m any cigarettes   cigars   p ipefu lU  did you smoke per day?]

D R IN K IN G  H A B IT S
9. Do you d rink  alcoholic beverages at the present time? Y esD  N o D  ( I f  yes to question 9, answer
A  and B: i f  no, answer C ) ________________ ‘______________________ _________

A. Please check the amounts you usually d rink.
Beer Wins

D  Occasional botlle D  Occasional glass other man tor religious use
□  1 to 3 bottles per day □  Daily, but lass man Vt bottle
□  over 3 bottles per day D  Over Vi bottle per day

B. Had you stopped d rink ing  at any time between 1966 and now? YesD  N o D  I f  no, go on to 
question 10. I f  yes, fo r how long a period d id you stop?_______________________

Liquor
D  Occasional glass 
D  3 to 6 snots per day 
D  over 6 shots per day

C. D id you drink regularly a t any tim e between 1966 and now? Y esD  N o D
I f  no, goon to question 10. I f  yes, fo r how long a period did you d rink? . 
How much?(Please check the amounts.)

Bser Wine
D  Occasional bottle D  Occasional glass other than lor religious use
D 1 tfi.? bottles per day D  Daily, but less then v, bottle
D  over 3 bottles per day O  Over Is bottle per day

Liquor
□  Occasional glass
□  3 to 6 shots per day
□  over 6 shots per day

H E R E D IT A R Y  H IS T O R Y
10. As o f 1966, the indiv iduals listed were s till alive. W ill you please b ring  th is  in form ation up-to-date.

RELATIONSHIP It Livino II Deceased
Ape Ailment, it any Age at Death 1 Cause o' Deem

.

A. Father's occupation (when w ork ing )__________________________________ ________
M E D IC A L  H IS T O R Y
11. In  1966 you indicated you had the fo llow ing conditions. W ill you please b ring  this 
in fo rm ation  up-to-date. Make any correction or addition in  the data we listed below .

Are you still Are you taking
Ailment Age at troubled with medication or

Onset this condition? treatment for It?

Yes No Yes Ho
High Blond Pressure D D D D
Angina Pectoris D D D D
Stroke (Cerebral Thrombosis) D D D □
Heart Attack (Coronary Thrombosis) n D D □
Rheumatic Heart Disease D D □ D
r.nnrnr D □ D D
Diabetes .  .. D □ D D
Tuberculosis n D D D
Ulcer _ . D □ D □
f iver Ailment n □ D D
Arthritis n D D □
Rout □ D D □
Rthei □ D D D
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S eria l No.

F O l'H T H  F O L L O W -IT  OF TH E LO N G E V ITY
a n d  M o t m i n r n  o i  m a l e  c h a d l a t e s  o f  M i c h i g a n  s t a t e  i w i v E n s m

Name o f A lum nus    „_________________________________ D ate____________

Street________________________________ C ity _________________________ S tate____________

Social Security N um ber____________________________

P E R S O N A L  IN F O R M A T IO N
1. H ate there hern an> chance,' in your m arita l status, since 1976 (our previous follow-up)? 
Yes □  No □
( I f  yes to question 1. answer A : i f  no, move on to question 2)

A. PleaBe E xp la in________________________________________________________________

2. Present w eight lbs. Have you lost 15 Ihs. or more since 1976? Yes □  No □

O C C U P A T IO N A L  IN F O R M A T IO N
3. Are you presently w orking (job or self employed)? Yes □  No □
( I f  no, answer A; i f  yes, move on to  question 4)

A. Have you had a job or been self employed at any time since 1976? YesD  N o D  
I l f  no, answer A: if  yes. more on to question 4)

4. Is this the same job you reported on the 1976 questionnaire? Y’es D  No D  
( I f  yes, move on to question 5; i f  no, answer the follow ing questions A  through J.
A. What kind o f work (for example, engineer, teacher, doctor)__________________________________
B. About how much tim e on the job is spent sitting?
Practically a ll D More than h a lf □  About h a lf D  A lm ost none D
C. About how much time on the job is spent walking?
Practically all D More than ha lf D  About h a lf D  A lm ost none D
D. Do you ever walk to or from work? Yes D  No D
I f  yes, how fa r do you walk? B locks _M 'les How m any times a year______________
Do you ever bicycle to and from work? Yes D  No D  I f  yea, how fa r do you cycle (both waysi?
Blocks M iles Number o f timeB per year_____________________________________________
E. What type o f transportation do you use to and from your job (check a ll tha t apply)?

S ubw ayD  BueD  C a rD  B icyc leO  W alking O Others (Pleasedescribe)_____________________
F. How often do you have to l i f t  heavy weights or carry heavy things on the job?
Frequently D  Sometimes D  Very infrequently (or never) D
G. How many hours a week do you work on your job? (Hours per week)
H. How much tension in your job? Great deal D  Some □  Very lit tle  D  NoneD
I. Any responsibility for supervising other workers on the job? Yes □  N oD  
( I f  yes. answer 1; i f  no, move on to J)
I------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
' ). About how many on the average do you supervise? ________

J. When did you start on IhtB job? Year_________

L E IS U R E  T IM E  A C T IV IT IE S
a. How m any bourn a m on th  Ho you do the fo llow ing  ac tiv itie s  and w h ich  m onths? i l j s t  
number o f hours invo lved in  each a c t iv ity  under the m nnth ie) you partic ipa te . J*-nve 
blwnk w here not Involved I
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A C T IV IT Y *
2 t  t  I-1 ^ J *  *  I  £«  to O Z  Q

Fishing -  bark. boat, ice 
Fishing * wading 
Archery, target 
Badminton_____________
Baseball - hard, soft 
Basketball 
Bicycling - pleasure 
Tobaggamng, »i»riHinp 
Bowling, including lawn 
Canoeing or rowing 
Jogging
C urling______________________
Fencing
Gardening
Lawn mowing -  riding 
Lawn mowing -  power m ower. 
Lawn mowing - hand mower 
Snow shoveling 
Golt -  walking
Golt -  power c a r t____________
Handball, including paddleball, 

racket and squash 
Walking • back packing
Walking * cross country_______
Walking • mountain climbing 
Walking • pleasure 
Home workshop (carpentry) 
Horseback riding _ _ _ _ _ _ _ _
Horseshoe pitching 
Hunting • bow and gun 
Sailing -  ice and water 
Judo, including karate _  
Paddle tennis 
Rowing, skulling 
Shullleboard (not hand)
Skating - ice, roller_____
Skiing • downhill 
Skiing •  cross country 
Skiing • water 
Snowshoeing 
Dancing -  ballroom  
Dancing • square 
Swimming • pleasure
Swimming -  exercise___
Table tennis 
Tennis •  singles 
Tennis * doubles 
Volleyball______________
Weight lilting 
Calisthenics • home 
Calisthenics • Health C lu b . 
Others.



6. I f  you have been routinely exercising under a home exercise plan or Health Club plan {commercial, 
Y.M.C.A., A th le tic  Club, etc.) answer the fo llow ing questions:
A. Number o f hours per m onth  .which months (circle). Jan., Feb., Mar., Apr., May, June, July,
Aug., Sept., u c i., Nov., Dec.
B. What type o f exercises?__________________________________________________________ _

D IE T  R E C A L L
7. L is t the th ings you ale and drank yesterday (th is should preferably be a week day i. When possible, give 
the specific name o f the item, e.g.. Fresco or Coca Cola, rather than soft d rink ; McDonald's hamburger; 
whole m ilk , skim m ilk , h a lf and ha lf, rather than jus t m ilk . Indicate the amount you ate or drunk in terms 
o f cups (200 m il, tablespoons, teaspoons, ounces, numbers and approximate size,e.g..small,large,medium 
for fru it6, vegetables, etc.

You may lis t meats either in ounces or size o f pieces: one hamburger pa tty  <3" diameter x 1" thick) 
weighs 3 oz,; an average serving o f steak (3“ x 3’ ’ x Vi” ) weighs3 oz, Beaure to include everything you ate or 
drank yesterday — candy, liquor, coffee (lis t sugar and cream, i f  used), popcorn, potato chips, etc., as well as 
your regular meals. To help you estimate sizes, a rule is marked o ff on the edge o f th is page.

Breakfast Morning Snacks

Item
Amount oi 

Sire Item
Amount or 

S izp

Lunch Afternoon Snacks

Item
Amount or 

Size Item
Amount or 

Size

Dinner Evening Snacks

item
Amount or 

Size Item
Amount or 

Size

A. Check date o f diet record: Sun. □ Mon. □ Tues. □  Wed. □  Thurs. O  Fri. C Sat. □
B. D id yesterday’s meals include any special or unusual event, e.g., party, b irthday, anniversary, picnic, 
etc.? Y esD  N o D  1. I f  yes, what was i t? ________________________________________________
C. Does the above represent your usual day's food intake? Yes D  No □
1. I f  no, how did it  d iffe r from your usual intake?____________________________________________ —
D. Check the column which indicates the approximate frequency w ith  which you consume each food.

Food Dally' Weekly Never Food Dally'W eekly Never
Wnole milk Fish
Cream or halt and nail Beef
Ice cream (not ice milk) Cream or custard pies
Cneese lottier men collage) Cream puddings
Butler Suga' m cotfee. tea. elc
Margarine Sugar on cereal
Sour cream Sugar on fruits vegetables
Salad dressings (not low calorie! Frosted cakes, brownies.
Eggs sweet rolls, etc
Gravy Soil drinks lotnpt than 1
Fat around meat low or non-calorie)
Pork Honey
Veal Jelly. iam, preserves marmalade 1

r
French-tried potatoes Syiups (on pancakes wattles, elc 1
Fried meal, tried potatoes, etc Molasses i
Other deep-lat fried looos Sweetened truit ruices Syrups elc i
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E- Do you d rink coffee? Yes □  No □  ( I f  yes, answer queslionA; i f  no, go on to question fit 
A . What is  the overage number o f cups per day? 1-3 □  4-6 □  7-9 □  more □

S M O K IN G  H A B IT S
8. Do you smoke a t the present time? Yes D  No □  ( I f  yes to question 8 answer A  and B ; i f  no, 
answer C )___________________________________________________________________________________

A. W hat is the average number o f cigarettes .c ig a rs    and /o r pipefulle you smoke per day?j
B. Have you stopped at any tim e between 1976 and now? Yes □  No D  I f  yes, how long did, 
you s to p ? _______________________  {

C. D i d  you smoke regularly any time between 1976 and now? YcbO N oD  I f  no, go on to question 9.j 
I f  yes, how long? How many cigarettes___ .c iga rs___ .pipefu lle  did you smoke per day?(

D R IN K IN G  H A B IT S
9. Do you d rink alcoholic beverages at the present time? YeB □  N o D  (Ifyes to question 9. answer 
A  and B: i f  no, answer C)_______________________________________ ________________

A. Please check the amounts you usually d rink, 
fleet Wins

D  Occasional bottle □  Occasional glass other than tor religious use
□  1 to 3 bottles per day □  Daily, but Is is  than % bottle
□  over 3 boitles per day □  Over H bottle per day

B. Had you stopped drink ing  at any time between 1976 and now? Yes □  N oD  I f  no, go on to 
question 10. I f  yes, fo r how long a period did you stop?_______________________

Liquor 
D Occasional glass 
D  3 to 6 snots per day 
D  over e snots per day

C, D id  you drink regularly at any tim e between 1976 and now? Yes D  N o D
I f  no. goon to question 10. I f  yes, fo r bow long a period did you drink? . 
How much? (Please check the amounts.) 

fleer Wins
D  Occasions! bottle □  Occasions! glass other than tor religious use
□  1 to 3 bottles per day O  Dally, but less than Vt bottle
D  over 3 bottles per day D  Over 'A bottle per day

Liquor 
O  Occasional glass 
D  3 to G shots per day 
D over  6 shots per day

H E R E D IT A R Y  H IS T O R Y
10. As o f 1976, the individuals listed were still alive. W ill you please bring this inform ation up-to-date.

RELATIONSHIP
It Living It Deceased

Aoe Ailment. It any Age at Deain Cause ot Death

A. Father's occupation (when w ork ing ! _________________________________________ __
M E D IC A L  H IS T O R Y
I t .  In  1976 you indicated you had the following conditions. W ill you please bring this inform ation 
up-to-date. Make any correction or addition in the data we listed below.________________________

A rt you still Are you taking
AUment Age at troubled wllh medication or

Onset this condition?  treatment for It7
Yes No Yes No

High Blood Pressure □ D □ D
Angina Pectnris a D □ D
Stroke (Cerebral Thrombosis) a D D D
Heart Attack (Dnrnnary Thrombosis) □ D □ U
Rheumatic Heart Disease D D D D
Cancer □ D D D
pinhe lei n D D □
Tuberculosis □ D D D
timer . n D D D
l.lyer Ailment D D D D
Arlhrilis D D D □
rtnul D D D D
Other n □ D D
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Two-samr- l e  l - t a s t s

VARIABLE ATHLETE YES NO

4 . HEAN 6 8 . 2 0 4 7 0 . 1 6 7
AOEDX OAR 1 7 8 . 3 0 1 9 0 . 0 7
( TOT AL - 11 93 . '  N 2 7 4 2 2 7

1 0 . MEAN 2 . 6 5 5 8 2 . ' 7 5 6 1
ENPD VAR 1 . 9 0 B 9 2 . 0 5 4 5
( TOTAL* 1 1 B 3 )  N 3 9 0 3 6 9

1 1 . MEAN 4 . 9 6 9 8 4 . 5 6 9 1
HCSO VAR 2 . 3 9 7 1 2 . 3 4 9 2
( TOT AL - 1 1 8 3 )  N 3 9 9 3 6 9

1 2 . MEAN 2 . 6 6 3 3 3 . 0 2 7 1
ECTO VAR 1 , 2 0 6 3 1 , 2 8 7 3
( TOTAL= 1 1 8 3 )  N 3 9 8 3 6 9

TEST S T A T I S T I C DF S I G N 1 F

T = - 1 . 6 1 4 1  4 9 ?  . 1 0 7 1
F=  1 . 0 6 6 0  2 2 6  . 2 7 3  . 3 0 6 3
F R 0 B ( 1 S T  MEANC2NH ! BATA?= . 9 4 5 5

T = - . 9 8 6 7 8  7 6 5  . 3 2 4 1
F -  1 . 0 7 6 3  3 6 8 . 3 9 7  . 2 3 6 0
PROB(1ST MF„AHi2ND !BATA>= . 8 3 7 3

T=  3 . 5 9 9 0  7 6 5  . 0 0 0 3
F=  1 . 0 2 0 4  3 9 7 . 3 6 8  . 4 2 2 3
PROB( 1 S T  MEAN!'' 2ND t BAT A>= . 9 9 9 8

T = - 4 . 5 1 1 0  7 6 5  . 0 0 0 0
F = 1 , 0 6 7 2  3 6 8 . 3 9 7  . 2 6 2 2
P R O B ( 1ST MEAN<2ND ! DATA > * 1 . 0 0 0 0
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d e s c r i p t i v e  s t a t i s t i c s  f o r  f i x e d  c o v a r i a t e s

VARIABLE  
Nil. N A M E MINIMUM MAXIMUM MEAN

STANDARD 
D E V I A T I O N  SKEWNESS KURTOSIS

1 ATHYN
2 ENi'iri
3 Ml'SO 
*  ECTU

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0

2 , 0 0 0 0
7 . 0 0 0 0
7 . 0 0 0 0
6 . 0 0 0 0

1 . 4 0 1 1  
2 . 7 0 4 0  
4 . 7 7 7 1  
2 . 8 3 8 3

0 . 5 0 0 0  
1 . 4 0 6 7  
1 . 5 5 2 7  
1.1277

0 , 0 8
0 . 2 4

- 0 . 2 7
0.16

1 . 00  
1 . 9 3  
2 . 1 7  
2 . 2 0

irAiii:

STATUS CODE FREQUENCIES

TOTAL HEAD LOST 1 LOST
7 6 7  3 1 0  3 5 7  92

BMDP2L HYPOTHESIS 3 - D

PERCENT
CENSORED
0 . 5 0 5 4

INDEPENDENT  
1 ATHYN

VARIABLES
2  ENDO 3 MESO 4 ECTO

LOG L IK E L IH O O D  -  - 1 7 4 4 . 5 4 3 7  
Gl UDAL CHI-SQUARE = 2 4 . 4 7  D . F . =  4 P - VALUE = 0 . 0 0 0 1

VARIABLE C O E F F I C I E N T
STANDARD

ERROR C O E F F . / S . E . E X P ( COEFF.1

1 ATHYN
2 ENDt)
3 MESO 
*« EC 10

* 0 . 1 2 3 3  
0 . 0 0 9 8  

- 0 . 1 7 5 1  
- 0 . 2 8 6 7

0 . 1 1 5 4  
0 . 0 8 3 1  
0 . 0 9 2 7  
0 . 0 7 4 6

- 1 . 0 6 0 5  
O.llBl

- 1 . B S 8 7  
- 3 . 0 4 2 4

0 , 8 0 4 0  
1 . 0 0 9 9  
0 . 8 3 9 3  
0 . 7 5 0 7

» * *  EFFECTS TESTED * * *  
1 ATHYN

S T A T I S T I C  CH I -SQUARE D . F ,  P-VALUE
WALD 1 . 1 4  1 0 . 2 0 5 3

IPAfrC 5 BMDP2L HYPOTHESIS  3 - D
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nCbCCD T I V l  S l f i T J E T I C S  FOR F I X E D  COVARIATES

Vm K 1APLL STANDARD
NO. N 11 ,, f  H INI r tUrt  MAXIhUN MEAN D E V I A T I O N  SKCUNES5 KJ RTOSIS

; n I I IYN 1 . 0 0 0 0  2 . 0 0 0 0  1.41111 0 . 5 0 0 0  0 . 0 8  1 , 0 0

STA I US COPE FREOUENCIES
PERCENT

H1TAL DEAD LOST 1 LOST 2 CENSORED
7 6 7  3 1 8  3 5 7  9 2  0 .5 1 I5 4

XiV.UL 4 HMDP2L H rP O IH E C iIS  3 - R

1 NDhl 'ENDEN I VAFil ADLES 
1 ATHYN

LOt> L IK EL  IHOHD = - 1 7 5 5 . 2 9 2 4
GLOBAL CHI-SUI IAKE = 1 . 7 2  D . F . =  1 P -VAL UE = 0 . 1 8 9 4

STANDARD
VARIABLE C O E F F I C I E N T  ERROR C O E F F . / S . E .  EX'Pf COEFF.  )

1 ATHYN - 0 . 1 4 8 7  0 . 1 1 3 4  - 1 . 3 1 1 3  0 . 0 6 1 5
1PAGE 5 BMDP2L HYPOTHESIS 3 - B
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I. 'H i. ' , . ;  ! i . ' •
i i i i -'1 J‘ >'i V-

U r i i v :  i i f l r  1 - w .t j  A N O V A

A l . r i L l S l C  (.1! V A R IA N U  LH 77  . L 3 F f  1 At*! f ! -  7<,7 OUT t’F

50UPi .c OF SUM t ir  BCRS ht'AN SET F -STAT

PETWCEf* 3 1 5 4 0 . 8 5 1 3 . 6 0  7 . 7 3
W I T H I N 7 6 3 5 4 1 4 8 . 7 0 . 9 6 7
TOTAL 7 6 6 5 5 6 B 9 . ( RANSOM EFFECTS

E J A -  , 1 6 6 3 E7A~SWF'= . 0 2 7 7  (VAR DCJHV = 3 . 1 2 2 0  7.VAR

SDMAT N MEAN VARIANCE STU PEV

ENPO 121 7 2 . 3 3 1 7 0 . 0 2 3 B • 3 6 8 0
MESO 40 3 7 6 . 3 0 2 6 9 . 9 8 7 0 . 3 6 5 C
ECTO L l 7 2 . 3 1 J 8 1 . 0 5 3 9 . 0 0 2 9
PALANC 102 7 5 . 8 6 3 7 0 . 7 7 3 8 . 4 1 2 7

GRANIi 7 6 7 7 2 . 5 3 8 7 2 . 7 0 1 8 . 5 2 6 5

F’AIRWl  SL MULTIPLE c c m r  a r i s o n SCHEFFE AL
£17 RAT A P I  FT F - S T  AT S 1GN1F L L V - * 9 5 0 0

EMIiD
KCSD _3 . 9 7 1 7 2 1 . 5 0 8 . 0 0 0 0  2 . 3 9 9 4
EC TO _2 . 9 8 0 0 5 . 0 7 7 9 . 0 2 4 5  3 . 7 0 6 2
HALANt: - 3 . 5 3 2 2 9 . 7 2 9 9 . 0 0 1 9  3 . 1 7 2 6

MESO
ECTO 99 0 P 0 . 7 4 9 2 0 . 3 8 7 0  3 . 2 0 7 1
PALANC • 4 3 9 5 3 , m c  '.r,f .. f .. kl . 6 3 2 2  2 . 5 7 1 9

EETU
PAL ARC —. 5 5 1 2 7 . 1 6 3 4 6 . 6 8 6 1  3 . 8 2 0 2

t i t

. 0 0 0 1
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v*?."' s>vi4  c * C 3 t i  c o m d -a l l I 'a irs  u n . i  .9!.

U i. j v e t  j  etc- 1 -w<r.s ( V U \ ' ( ,  CAGES-ATH.  LTE IYF  5

a n a l y s i s  u r  v a r i a n c e  n r  7 2 . l i f e t a g e  

s o u r c e  i t  sun c r  s d f .s

BETWEEN 3  1 0 4 4 . 0
I ' H H I N  3 9 4  2 5 5 0 ? .
TOTAL 3 9 ?  2 6 5 5 1 .

E T A -  . 1 9 8 3  E T A - S G R -  . 0 3 9 3  (VAR

H~ 3 VI: RUT CT 3VEI

hi AN SUN F - S T  A T I  E U  C: S I G N I F

348 .0 0  5 . 3 7 5 3  .0012
6 4 . 7 4 0
(RANDOM EFFECTS S T A T I S T I C S )  

COMP- 4 . 3 9 2 9  7.VAF< AMONG= 6 . 3 S )

SOMAT N MEAN VARIANCE STD DEV

ENI'O 5 8 7 1 . 6 2 1 5 9 , 6 0 8 7 . 7 2 0 6
MESD 2 7 5 7 6 . 0 5 5 6 5 . 0 6 9 8 , 1 1 6 0
ECTO 2 0 7 6 . 8 5 0 4 7 , 8 1 8 6 . 9 1 5 1
DALANC 45 7 6 . 5 5 6 ‘ 7 1 . 6 6 2 - 0 . 4  6 5 3

GRAND 3 9 8 7 5 . 5 0 5 66 .BEI0 E i 1 7 8 0

F’f i lRU ' ISC MU LT IP LE  COMPARISON SCHEFFE ALLOWANCES
STRATA M F F F-STAT S I G N I F LEV= . 9'

ENI'O
MESO - 4 , 4 3 3 9 1 4 . 5 4 5 . 0 0 0 2 3 . 2 6 4 1
ECTO - 5 . 2 2 9 3 6 . 2 8 1 7 . 03  26 5 .  0'»> 9
RALANC - 4 . 9 3 4 9 9 . 5 3 2 0 . 0 0 2 2 4 . 4 B 7 ?

MESO
ECTO - . 7 9 5 4 5 . 1 0 2 2 2 . 66 -  7 5 . 3 3 I D
DALANC - . 5 0 1 0 1 . 1 4 9 9 4 . 6 9  8 2 3 . 6 3 2 V

ECTO
BrtLANC . 3 9 4 4 4 . 1 8 5 4 2  - 1 . 0 9 ]  8 6 .  O'*) 0
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L i 11': .. : i■">
V .K  V j , \  7 7  D l  I ~'.I. T  i . i i '  i • (. '  l ' A I L :  I i 01 I . ' / I .

U i . i v s r i & t D  i -  wiM- ■vn'.-r. t r i : :< r'i

a n a l j ' B i d  o r  v a r i a n c e  D r  7 2 . l j n . t a : ; : : '  t- = o u :  or 3 6  9  

SOURCE rr  BUM pr B5R? M T A t '  S t r  r - f 7 A T i r . T J C  S lf .N jr

b i t t u c c n  3  700.31 333 . 2 . 9 9 6 4  .0308
U11 T H I N  3 6 5  2 B 4 3 6 .  7 7 . 9 0 7
T O T A L  3 6 0  2 9 1 3 6 .  (R A N D O M  E F F E C T S  S T A T I S T I C S /

E T A e  . 1 5 5 0  C T A -S n fv =  . 0 2 4 0  (O A R  COMF =  2 . 0 4 9 7  X U A R  -A hO Nris. 2 . 5 6  >

5DMAT N MEAN VAR IANCE STD BED

ENRO 6 3 7 2 . 9 8 4 7 9 . 0 2 2 6 , 9 3 4 3
MESO 2 0 8 7 6 . 6 3 0 7 5 . 5 0 7 8 . 6 9 4  3
ECTO 41 7 4 . 5 6 1 9 7 . 1 0 2 9 . B 5 4 1
BALANC S7 7 5 . 3 1 6 7 0 . 6 4 8 8 . 4 0 5 3

GRAND 3 6 9 7 5 . 5 7 5 7 9 . 1 7 4 8 . 6 9 8 0

F 'AIRWISE MUL TIPLE CDM 'ARIS ON SCHEFTC ALLOWANCES
STRATA BIFF F - 5 T A T S I G N I F L F U - , 9

ENDD
MESO - 3 . 6 4 5 7 6 . 2 4 9 3 . 0 0 4 3 3 . 5 6 5 0
ECTO - 1 , 5 7 6 0 . 7 9 2 6 6 . 3 7 3 9 4 . 9 7 4 2
PALANC - 7 . 3 3 1 7 2 . 0 8 S 3 . 1 4 9 3 4 . 5 7 , 1 6

MESO
ECTO 2 . 0 6 D P 1 . 6 0  3 6 . 1 7 1 0 4 . 2 3 5 9
DAI. ANC 3 . 2 1 4 0 . 9 9 1 5 6 . 3 2 0 0 3 .  706  2

ECTO
BALANC - . 7 5 4 8 3 . 1 7 4 4 0 . 6 7 6 5 5 . 0 7 6 4
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*Vit'J M1*1-1 hCf.H 6111 M ;v N CiflOL 1 - Li 1 tV) ElutJlF

72. L HTT.MiC 
7 V . H I !■ t 3l-iU 1

vr.^rii
12.943

0. 5■'.-.4 
, 41:31(0
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80.ui In 111 2

75.4Hi 
.32640 -1

fcl. 576 4 
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0.5764 
* 5 3 767. -4

729 - . ( ‘009 -.23991 • 010 5
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17.,J43 
.32540 -1

.40300 

.351IV
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lit . Li If 11M

17.V43
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.40300 

.25006
72V -.7870 -34.400 0.
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u2 . U 1 b i 11 1 is

17 . ‘Mi! 
.46755 “3

. 411300 
* 63 f'itS ~4

-TJV - . 7V75 -21.4 . 56 0.

50. UTLM II12
51.UlLn'Hl

.3254 0 -1 
2.2677

,3511V
.25006

72V .9463 70.147 0.

uo.uumnG
U2.WlbUtT3

.32540 -1 

.46755 -3
.3511V
.53766

_ ■) 
-4

729 ,9444 77.447 0.

gj . ui i-vhi 
02. L‘ 1 [iHlfi

2.2677 
.46755 -3

.75006

.53766 - 4
720 . 7050 34.253 0.
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p
9  r t f L  i : ‘i 1*1 IcAIA VAFi -72*  7 9 - 8 2  STRAT=V2>  
- h i  Sis-ifi 4 0 , , 16  Cor  r p l ; .  L j c.n <1!? ATHL F.TE 1 YES
- Vt'tk’1 rii'-l. r MiirtfJ ST te l»fV N cok -iv T - S T 0 1 s i  Gin r
0 72  < L 11 L I  AElt 7 5 . 4 U 4 8 . 3 2 0 9 3B4 . 0 3 7 0 . 7 2 4 0 5 . 4 6 9 2
V 7 M H I 1 . Y 3 K U I 1 2 . D 4 } . 4 0 6 7 6

'i . l k  r rii i i i 7 0 .  *10*1 8 . 3 2 0 7 384 - . 0 9 1 6 - 1 . 7 9  78 . 0 7 3 0
9 C<i' . lJ) l :>HT2 . 3 3 3 7 0  -  1 . 3 4 / 0 0 _ 't

0 72  . 1 I t  I  7 rilil: 7 0 .  404 E!. 3 2 0 7 3114 - , 1 3 6 3 - 2 . 6 8 8  7 . 0 0 7 0
V 8 l  . U 1 li T 111 2 . 3 3 2 0 . 2 6 4 7 3
y 7.? . L It ' t ' 7 0 .  4114 0 . 370V 3ti4 - . 0 3 3 1 — . G't 728 ,5 1  '0
y El l - ' .UTHt inJ . 4 7 0 1 3  - 3 . 0 1 3 1 4 - 4
0 ; y . n r  i .y 3 k u  i 1 2 . 2 4 3 . 4  06  76 3114 - . 9 3 2 7 - 0 0 . 5 3 3 0 .
tj « o .  un i :Yin j . 3 3 3 7 0  - 1 . 3 4 7 0 0
V V‘7 . l lT6Y3 l , tJ l 1 2 . 2 4 3 . 4 0 6 7 6 3 8 4 - . 7 7 1 6 - 2 3 . 7 0 4 . 0 0 0 0
V Lii . u i b r i n 2 . 3 3 2 0 . 2 6 4 7 3
0 Vp.H' IHYJt iUT 1 7 . 0 4 3 . 4 0 6 7 6 3fJ4 - . 9 9 5 4 - 2 0 3 . 3 6 0 ,
y 0 2 . U I  M i l l  3 • 4 Vt l l  3 - 3 . 0 1 3 1 4
u 8 0 . 8 1  M i l l  2 . 3 3 3 7 0  - 1 . 3 4 7 0 0 . n 30 4 . 9 4 7 1 5 7 . 7 0 2 0 .
9 o i  . u r i i n i i 2 . 3 3 2 0 . 2 6 4 7 3
0 U O . U l l i Y H i : 1 . 3 3 3 7 0  - 1 . 347EI0 -  r* 3 8 1 . 9 3 9 0 5 3 . 5 9 1 0 .
9 o j , u i i i i ' n r : i . 4 7 0 1 2  - 3 . 0 1 3 1 4 - A
0 o i  . u r i n ' i n 2 . 3 3 2 0 . 7 6 4 7 3 3tl4 . 7 8 0 1 24 .3611 0 .
Y 8 7 , u t m m 3 . 4 7 0 1 3  - 3 . 0 1 3 1 4 - A
- n j £ 1J , 2 6 1 C, L u 1 ( c-1 ii 1 1 cj n • 2' Y iTHlXl  E 1 MCI
- L'.M: I i i i  I 1 UL'riit f; i u  ru:v N OiJKL T - 5 1 AT S l i N l I
£< , 2 , 1. n  tn  .'iLL 7 0 .  003. n . 9 4 2 3 30 4 - . 0 4 1 9 —, 786c .0 . 4 3 2 0
y / * ; .  it j j i r . i K u r 1 3 . 0 3 4 . 0 0 9 2 *
0 , ' • , 1  I f  H A L L 7 0 . 0 0 0 U . 9 4 2 3 35 4 -  . 0 0 0 5 - . 1 6 0 1 0 . 6 6 9 0
9 C»,WTt tYHT2 , 3 1 7 3 2  - 1 , 3 4 3 7 7 ■“2
0 7 2 , L I t  IT.M.E 7 0 . 5 5 6 8 . 9 4 2 3 254 • ' . 0 5 5 8 - 1 . 0 4 7 8 ,2951 ,
9 e i . u T K v i n 2 . 20 1 ( ' . . 2 3 4 6 9
V 7 2 .  L IF E T A U L 7 0 . 0 0 6 8 . 9 4 2 3 30 4 . 0 3 3 3 . 6 2 4 8 9 . 5 3 2 4
9 0 2 , u r n Y t n  i . 4 0 0 2 1  - 3 . 5 7 4 1 1 - 4
u ?v .nTt<r:fK-uT 1 3 . 0 3 4 . 5 0 9 2 6 3 5 4 - . 9 5 1 2 - 5 7 . 0 4 1 0 .
V 0 0 , U I bY  HT2 , 3 1 7 3 0  - 1 . 3 4 3 7 7 _ ri r-

0 Y3KU1 1 3 . 0 3 4 , 5 0 9 2 6 3 0 4 - . 7B 37 - 2 3 . 6 7 0 . 0 0 0 0
V U)  , U t U f H T 2 . 2 0 1 6 , 2 3 4 6 9
0 7'7. Il l 8 Y3KUT 1 3 . 0 3 4 , 5 0 9 2 6 3 5 4 - . 9 0 0 2 - 1 2 0 . 7 9 0 ,
9 0 7 .  WTO r l l t  3 . 4 0 0 2 1  - 3 . 0 7 4 1 1 - 4
0 8 0 . W I K V H T 2 . 3 1  7 3 El “ 1 . 3 4 3 7 7 ..'j 3 5 4 . 9 3 1 0 4 7 . 8 5 1 0 .
9 G l . U l l s Y U T 2 . 2 0 1 6 , 2 3 4 6 9

E k - . u r M H K ' . 3 1 7 3 0  - 1 . 3 4 3 7  7 30 4 , 9 4 6 7 5 5 . 1 1 4 0 .
o £12 . UI  PYIFI 3 . 4 0 0 2 1  - 3 . 5 7 4 1 1 - 4
0 01 . U 1 L Y I I 1 2 . 2 0 1 6 . 2 3 4 6 9 35 4 . 7 6 4 1 2'> f 2 2 2 . 0 0 0 0
V 0 2 .  U1 M i l l  3 . 4 0 0 2 1  - 3 . 5 7 4 1 1 - 4
- .1 1NJ 51 i
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C O IM l.u H f-J

' fTUOJuV V - 1 4 , 5  7 C = V 5 7 ! 1 r 2 * V 1 4  O - L D L X r T L 5 1 S

Tuow^u C r o a s - T s t i u l  D t  i o n  CASE.S=CVI0<76 ! YES r 01 HLTiX* C0hA7  

5 7 .  14 .S0MAT
CVOX 74 ENUG hESO ECTO 6ALANC

N=
TOTAL=

c o l :;

134
134 21 on 5 20

re s
COL%

72
5 3 . 7

11
5 2 . 4

47
5 3 . 4

4
BO. 0

10
5 0 , 0

0  TMfvliX 
CUL/i

62
4 6 , 3

10
4 7 . 6

41
4 6 . 6

1
2 0 , 0

10
5 0 . 0

TESTS OF INHEPHNBLNCr S T A T I 5 T I C  S I G N I F  0F = 3 N= 134

hAXJMUM L IK EL IH O O D  1 . 4 3 7 5  . 4 5 0 7  CRAHFR'S P H J -
CHI - SD UAR E 1 . 5 1 0 7  . 4 7 7 9  FONT 1NGL fJCY COErF=

C o n .n .a n d
9TU0UAY V - 1 4 . 5 8  C = V 5 B J 1 » 2 * V 1 4 0=C0 L7 . . 1 EOT5

T u o u 3 u  Ci o & s - l a b u l a t i o r i  Cf .SE5=LALiX76: YE; ; r fJ tHLl 'X* f : imAT  

5 8 ,  1 4 . SOhAT
CAuX76 ENLIQ HESQ ECTO BALANC

H -
T UTAL = 

COLX

134
134 21 8 8 5 2 0

YES 
COL %

32
2 3 . 9

7
3 3 . 3

17  
2 1 . 6

1
2 0 , 0

5
2 5 . 0

U1 HRliX
c o l ;:

107  
7 6 .  1

14
6 6 . 7

67
7 8 . 4

4
8 0 . 0

15  
7 5 .  0

I f  S I S  OF INHLFLNHLNCt  S T A T I S T I C  S1GM1F OF-  3 N= 134

. 1 0 4 5  

. 1 0 5 9

FiAXJ hlJrt L IK EL IH O O D  
CHI-SQUARE

1 . 2 7 2 4  
1 . 3 4 1 3

. 7 3 5 7  CRAMFR'S F H I =  . 1 0 0 0

. 7 1 9 4  C 0 N 1 1 NGETNCY CtJEFF= . 0 9 9 4
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