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

Bradiey Ray Allan Wilson

The purpose of this study was to evaluate the effect of differ-
ent measures of body build on mortality and morbidity. Somatotype
wt/hts wt/ht? (body mass index), wt/ht3, and ht/3f'_w—'E'(pondera‘l 1ndex)
were considered,

Seven hundred sixty-seven subjects who had attended Michigan
State University before 1938 were used for this study. This group
consisted of 398 athletes and 369 nonathletes. A somatotype was
predicted for each subject, and the four height/weight measures were
calculated using height and weight while in college.

The analyses indicated that athletes were more mesomorphic and
lTess ectomorphic than nonathletes. When longevity was considered,
athleticism was not a good predictorn Somatotype, however, was a
statistically significant predictor. The endomorphic group was shorter
1ived than the other three groups.

When the quantitative varfables were compared, only wt/ht was

a statistically significant predictor of longevity. When nonathletes



Bradley Ray Allan Wilson

were considered, none of the helight/weight variables was significant.
Only in the athlete group was ht/wt a statistically significant predic-
tor of longevity.

The relationship of somatotype and coronary artery disease
(CAD)} and cancer was also examined, No significant relationships were
found fn these 1imited data 1inking a specific somatotype group to CAD

orr cancer.
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CHAPTER 1

THE PROBLEM

Studies that have investigated the effects of somatotype on
mortalfty and morbidity have been 1imited 1n number and scope. Only
one previous study (15) has considered somatotype and Tongevity in
detail. It showed that men who 1ived to be 70, 75, or 80 years old
were significantly less endomorphic (p < .01) when they were 1n
college.

Several studies have been conducted that focused on somatotype
and cause of death {16, 25, 67, 88, 90, 98, 99, 100), but these have
been primar{ly 1imited to coronary artery disease (CAD), One investi-
gation indicated the endomorphs as more likely to have CAD {67). Meso-
morphs were more highly correlated with CAD in two studies (25, 99),
and both endomorphs and mesomorphs were found to be at higher risk of
CAD 1n three studies (16, 98, 100). Therefore, the somatotype which is
most closely 1inked to CAD has not been clearly {indicated at this time.

Somatotype 1s also a major consideration in the long 1i1st of
athlete/nonathlete longevity studies. The reports from the three major
studies have found {nconsistent results. Paffenbarger et al. (63, 64)
found that athletes were favored for longevity when they studied pre-

vious students from the University of Pennsylvania and Harvard



University. However, Polednak and Damon (74) and Polednak (70, 71, 72}
found that major athletes were shortest 1ived when studying previous
students from Harvard University. In the third major study, invelving
previous Michigan State University students, Montoye, VYan Huss, and
Nevai (55), Montoye et al. {(56), Montoye (53), Olson et atl. (61}, and
01son (60} found no significant differences between the longevity of
athletes and nonathletes., Since athletes tend to be more mesomorphic
(9, 74}, somatotype could have been the confounding varfable in these
studies (91, 92},

Several studies have been conducted to determine the best measure
of body composition to use to predict longevity. One study determined
that the body mass index, wt/ht? was a better predictor of mortality
than relative weight (21). Two other studies found that mortality was
higher at the upper and lower extremes of the indexes considered. One
study used the ponderal index {(89), and the other used wt/ht? (107).

When body composition indexes were used to predict CAD, 1ittle
consistency was found. Three studies using male subjects found no good
predictors of CAD (42, 45, 48). However, three other studies found
wt/ht? to be associated with the development of CAD (11, 32, 78). 1In
several studies conducted by Paffenbarger and associates, relationships
between CAD and ponderal index (63, .65) and wt/htZ x 1000 (62) were
found, Two problems existed. First, these studies were not compared
with somatotype to determine 1f somatotype was a better method.

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

predictor of Tongevity.



Statement of the Problem
The purpose of this study was to determine the effects of

somatotype on mortality 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 calculate a ponderal index at
each age the information was available for each subject. The ponderal
indexes and ages for each fndividual were compared with the set of 88
somatotype weight-gain patterns presented in the Atlas of Men by
Sheldon, Dupertuis, and McDermott (94) to arrive at a somatotype rating
for that individual. Other measures of body composition were also
calculated for comparison with somatotype.

This study was conducted in order to provide more information
about the following 1ssues:

1. Which somatotype grouping has the greatest mortality?

2. Which somatotype groupings are correlated with the
different causes of death?

3. Does athletic status account for significant varifation in
longevity when considered with somatotype?

4. Which measure of body composition or body structure is the

best predictor of mortality?

Significance of the Study
The results of this study provide insights into potential

health problems of individuals based on their somatotype and body



composition. This information may help individuals determine and
target behaviors that they will need to modify 1n order to prevent and
intervene in specific health risks. It also identifies the value of
other measurements of body composition 1n {denti{fying risks. By
determining the role of somatotype in longevity, this investigation
adds information to the pool of knowledge relating to the athlete/

nenathlete Tongevity studies.

Limitations of the Study

1. In the original survey in 1952 there was a large number of
nonrespondents, which is a pessible bias 1n the data.

2. The subjects were 1imited to male students who attended
Michigan State University before 1938, Many of these individuals came
from agricultural backgrounds, which is a source of bias.

3. Any subjects who died of war or catastrophic causes were
deleted from the study.

4. The validity of the responses in a mafled questionnaire 1is
a potential source of bias,

5. Because of the need for specific information, only subjects
responding to the 1968 questionnaire were considered.

6. The method of classifying somatotypes has not been

validated.



CHAPTER 11

REVIEW OF LITERATURE

The major purpose of this study 1s to determine whether
somatotype can be correlated with mortaiity or morbidity. Since the
population that was tested consisted of athletes and nonathlete con-
trols who graduated from Michigan State University, the first section
is a summary of athlete longevity studies., Section two focuses on
somatotype and mortality and somatotype and morbidity. Due to the
difficulty of determining somatotypes, section three considers alterna-
tive methods of rating body structure or body composition.

Because of the 1imited data avafilable from this longitudinal
study, the reported height in 1960 must be used for the ages from Z3 to
63. Therefore, a summary of height-decrement studies 1s 1ncluded 1n

section four.

Yhe Longevity of Athletes

Many studies have been conducted that investigated whether or
not participation in athletics increases the length of 1ife. Two good
reviews of these studles are available and were written by Polednak
(73) and Stephens et al. (1071). Although many controlled studies have
been completed, the evidence is not clear whether athletes or non-

athlete controls have a favored longevity.



In the review presented by Stephens et al. (107), a summary of
athlete longevity studies compared with population data was outlined
(Table 2.1). Of the 17 studies, 16 favored greater athlete longevity.
However, these studies were criticized for not using adequate control
groups, Table 2.2 summarizes the athlete longevity studies conducted
with control groups Of these 15 reports, athletes were favored in
three.

Four major studies utilizing control subjects have been
reported The 1n{itial investigation by Rook (80) in 1941 showed that
honors men 1ived 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 et al. (56),
Montoye (53), Olson et al. (61), and Olson (60) found no significant
differences between athletes and ncnathletes. In general, nonathletes
were favored but the differences were not significant. Paffenbarger et
al, (63, 64) studied students and varsity athletes who attended the
University of Pennsylvania and Harvard Unfversity between 1921 and
1950. These studies favored athletes for 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 athletes were found to be the shortest 1ived These thres
studies all found different conclusions

In response to these athlete/nonathiete studies, Sheehan (97,
92) proposed that the major difference may be due to somatotype and not

athletic competition Carter (9) reviewed the different somatotypes of



Table 2.V .--Summary of athlete longevity studles: Comparisons with population data (From Stephens et al., 19B4),

Investigator Year Examined Population Number Comparlison Population Findings Comments

Morgan (57) 1873 1829-1859 Oxford and 251 Or, Farr's tralish Life Athletes favored By 2.0 years
Cambridge University Tables
carsmen

Meyian {51} 190k 1852-1892 Harvard 152 Standard mortality tables Athletes favored 8y 2.88 years
Unlversity oarsmen

Galnes and 1906 Pre-1905 Yale Unfversity Unspecified Insurance tables Athletes favored Mortallty ratio A9%

Munter (37) athietes

Anderson (2) 1916 t855-1905 Yale aod Actuarial Soclety Table Athletes favored AST mortality ratio 522
University athletes {AST) and American Table AT mortality ratio 462

(a1}

HiIt {35) 1927 1800-1888 Brivish cricket 3,624 Engllsh Life Table Ho. & Athtetes favared Slgniflcant at all sges, ali

players and comparlsons
English Life Table No. 8

bublin (19} 1928 1830-1505 athlates from h.976 Medico-Actuarial Table Athletes favored  MA mortallty ratlo 93.2%
10 eastern American {MA) and American Men AMTH mortality retio 91.5%
colleges Table of Mortaiity {AMIn}

fleed and 1931 1901 {in service)=-1916 Unspecifled American Ken Table of Athletes favored By .25-1,25 years

Love (79} {commissioned before} {Total Martality and West Point
West Poing Milltary Study offlcers
Academy offlcers weh 991)

r 1937 Ormand Coliege 100 Austratisn Ynsurance Table Athletes favared Rortallity ratio 75.41

0'Sullivan and
Hughes (12)

(Australla oaramen)

an



Table 2.1.--fontlnued.

Investigator

Year

Exsmined Poputation

Number

Comparison Population

Findings

Comments

Hartiey and
Liewellyn (31}

wakefield (108}

Schmid {85)

Poreroy and
white {75)

Karvonen {AQ}

Pyorals et al.
(71}

Schnohr
(86, B7)

Karvonen
et al. (h1)

Metropolitan
Life (50}

193%

1111

1952

1958

1959

1967

1971
1972

1974

1375

1879-1928 Oxford and
Cambridge University
ocarsmen

1911-1935 tndiana high
school basketball players

1661-1800 Crechosio-
vakisn athletes

1900~-1930 Harvard
University football
lettermen

Pre~1330 Finnish
champion sklers

Flnnish long distance
runners gnd skiers

1BR0-191D Danish
champlon athletes

Finnltsh champion sklers
born 18k5-1910

1876-1973 major league
baseball players

767

2,919

hoo

L1}

388

23

297

356

6,753

& standsrd mortal ity tables

{“"'- le xom + Ao “)

UnTted States Bureau of
Census 1ife tables

General population
nonathletes

1340 genera)l Massachusetts
population and other
Harvard graduvates

1931=-1940 and 1951-195%
general male Finnlsh
population and 1949-1953
Insurance poputation

Randomiy selected Finnish

population

General male population

General male populatfon

General populatlon (white
males} of the inlted States

Athletes favored

Athletes favored

Athletes favored

Unspecifled

Athletes favored

Athletes favored

Athletes favored

Athletes favored

Athletes favored

Period 1 rortallty ratio B7.8?
Period 2 mortality ratio 76.7%
Period } mortality ratio 85.1%
Period & mortality ratio 93.5%

Mortality ratio 67.9%

By B.66-1.A4 years

Athlete-population compariszon
not possible; coronary group
enguged in less vigorous and
habitual excrelise

By 5-7 years over 1931-1940;
smaptler differences over 1951«
1953; nanslgnificant d1fferences
with Insurance population

Have a hlgher degree of
activity; mortality ratlo-
comparison not made

Hortc!lfy ratio to age 50, &13;
mortallty ratio post age 50,
1o8-1092

fy 3~k years

t876-1900 mortolity ratio 1032
1901-1973 mortality ratio 713




Table 2.2.--Summary of athlete longevity studles: Comparlsons with control groups {(From Stephens et al., 198k},

Investigator

Year

Examined Populstlon

Number

Comparison
Population

Number

Findings

Comments

Greenwsy and
Hiscock {29)

bublin {20)

Rock {8a}

Montoye

et al. (56)

Montoye
et al. (55}

Montoye (54}

1926

1932

1941

1957

1962

1967

Post~1904 Yale
University lettermen

1870-1905 eastern
Amerlcan coltlege
lettermen

1860~1900 Cambridge
University athletes

Pre-1938 Kichigan
State Unlversity
lettermen

Pre=1938 Michigan
State University
lettermen

Pre-1938 Michigan
State University
lettermen

€86

b, 976

2

628

628

628

1505-1923 Yale
Unlversity non-
tertermen

1870-1905 eastern
American college (B}
tettermen

1B60-1900 Cambridge
University honors and
random graduates

Pre-1938 Wichigan
State University
students

Pre=1938 Michigan
State Universtly
students

Pre=1938 Michligan
State University
students

9,821

38,269

376 (honors}
136 (random)

563

563

563

Controls favored

controls B33
"' men 933

Honars men
[controls)
favored

Honors men (con-
trols) favored;
random group
{controls} no
diffecrence

o difference {in
age at death)

Ro difference (In
age at death)

Nonathletes
favored

Actual to expected
deaths (t}:

Generally by 2
years--aver both
athietes and other
students [nonsig-
nificant)

Honors men by 1.5
yesrs--over both
athletes and other
students

122 deceased

206 deceased

8y 2 years {non-
significant}



Taple 2.2.--tontinued,

investigator

Year

Examiced Population

Number

Comparison
Population

Humber

Findings

Comments

Patfenbarger
et al, {63)

Paffenbarger
et sl. {6k}

Polednak snd
Damon (74}

Potednak
(70, 7t, 72)

Olson et al,
{&0)

Prout (76}

Olson et al.

(&N

1986

1967

1970

1972

192

1972

1978

1921-1950 Unlversity
of Pennsytvania and
Harvard University
varsity athletes

1921-1950 Unlversity
of Pennsylvania and
Harvard Unlversity
varsity athletes

1880-1916 Harvard
University lettermen
{major sthietes)

1880-1916 Harvard
Unjversity lettermen
{major athietes}

Pre-1938 Michigan
State University
lettermen

1882-1502 Harvard
#nd Yale University
crews

Pre-1918 Michigan
State University
lettermen

63

177

668

628

172

628

1921-1950 Unlversity
of Fennsylvania and
Harvard Unlversity
students

J921-1950 University
of Pennsylvania and
Harvard University
Students

18B0O-19t6 Harvard
Unlversity students
{minor and non-
athletes}

1880-1916 Harvard
Unlversity students
{mlnor snd non-
athletes)

Pre=1918 Kichlcan
State University
students

1862-1902 Harvard
and Yale Unlversity
students

Pre-1918 Hichican
State Unlversity
students

550

855

27% (mlnor)
1638 {non)

1501 (mInar)
4134 (non)

563

172

563

Athletes favored
{in coronary
heart deaths)

Athletes favared
{In fata! stroke)

Hinar athletes
favored

Minor athletes
and nonathletes
favored

Honathletes
favared

Athletes favored

Hanathletes
lavored

Mortality ratip= .6

Mortality ratios k

Major athletes
shortest lived

By 1-3 years

By 1.k years
(nonsignificant)

By 6.24:6.35 years
{significant)

By 1.86 years
{nonsignificant)

ot
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athletes and has reported somatotype differences among the different
sports, In general, the athletes were more mesomorphic., In a study by
Polednak anﬁ Damon (74), athletes were found to be more mesomorphic and
endomorphic than nonathietess In order to {dentify whether athletic
competition or somatotype 1s responsible for increased or decreased
Tongevity, a controlled study comparing athletes and nonathletes with

known somatotypes 1s needed

Somatotype, Mortality, and Morbidity

Historically, science has had an interest in classifying
humans by body structure. Hippocrates was the first scientist on
record to develop a system of rating human physique (1, 83), Since his
time in ancient Greece, many researchers have attempted to develop
useful rating systems. The most widely accepted method {n the United
States was developed by W. H Sheldon (93). His rating system focuses
on three basic body types--endomorph, mesomorph, and ectomorph--which
were derived from the three embryclogical layers—--endoderm, mesoderm,
and ectoderm» respectively, Each {individual 1s rated on a scale from 1
to 7 1n 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 (later called asthenic), and ath-
letic (47). The problem with Kretschmer's system is that 1t 1s 1imited
to three body types. There 1s no continuous distribution of physiques
as with Sheldon's system. Although the pyknics and endomorphs are

similar, the asthenics and ectomorphs are simi{lar, and the athletics
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and mesomorphs are similar, these are very different rating systems and
cannot be compared directly.

Initially the rating of somatotypes was used by psychologists
Then 1n 1951 Gertler et al. (25, 26) studied 100 patients between 23
and 40 years of age who had had a myocardial infarction They found
that 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 inciuded 111 consecutive deaths of white males
under the age of 46. Of the 111, 38 had died of sudden myocardial
infarction This group of 38 contained 24 mesomorphs, 3 ectomorphs, 3
endomorphs, and 8 mixed When considering the other 73 who had sudden
violent deaths, a greater degree of CAD was found in dominant meso=-
morphs. These studies seem to indicate a greater risk of CAD by meso-

morphs,

Table 2.3.~-Physical groupings in the control group and the coronary
disease group (From Gertler et al., 1951).

Contrel Group CAD Group
(%) (%)
Endomorph 29 26
Mesamorph 19 42
Ectamorph 22 7
Others 30 25

Total 100 100
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Conversely, Paul et al. (67) studied over 2,000 employees of
the Hawthorne Works of the Western Electric Company and found dominance
in the endomorphic component to be significant (p < .01) 1n coronary
cases, In the same year (1963), Spain, Nathan, and Gellis (100) pub-
1ished a study on 5,000 white Jewish males between the ages of 36 and
65. They found endomesomorphs to be three times more 11kely to have
CAD than ectomorphs. Using subjects from the Framingham Study, Damon
et al. (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 for increased risk of CAD.

In another postmortem study'by Spain, Bradess, and Greenblatt
{98), mesomorphy, endomorphy, and mixed were all positively correlated
with CAD. Only the ectomorphs did not correlate. This study agrees
with the others that ectomorphs are less 11kely to suffer from CAD,

A similar 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 in pyknic
individuals than athietic and leptosome {ndividuals (Table 2.4).
Pyknics also suffered more acute infarcts and coronary insufffcfency,
while athletics and leptosomes survived primary myocardial infarctions
better than the pyknics. This study implicates individuals with Targe
amounts of body fat as more prone to CAD than 1ndividuals with a Targe

muscle mass.



Table 2.4.--Frequency of coronary atherosclercsls and myocardial Infarction of three constltution types In percentage of the total of the respective

groups (From Schonfelder & Zschoch, 1967).

Leptosome Athletic Pyknic
Male Female Total Hate Female Total Hale Female Total
No. No. 4 No. 1 No. 4 No. 2 No. X Ho., 4 No, b 4 o, Ed
Total number
of cases 128 1o0.0 55 100.0 83 100.0 145 100.0 106 100.0 251 160.0 260 100.0 356 1p0.D 616 100.0
Without coronary
atherosclerosis 10 7.8 12 21.8 22 12,0 8 £5.5 22  20.7 30 1.9 7 2.6 W 123 5 8.2
Light coronary
atherosclerosis E& K).7 33 60.0 83 58.6 &7 2.4 §7 53.7 10k W14 95 36.5 190 53.3 285 k6.2
HWeavy coronary
atherasclerosis 62 &B.& 1 18a 72 39.3 90 62.0 27 25.6 117 MELE 158 60.7 122 34,2 280 AG5.A
#yocardial Infercts 20 156 3 5.4 2y 12,5 &4 30.3 n 10.3 5 1.9 9% 36,1 8 13,7 143 231.2
Fresh Infarcts 2 1.5 1 1.8 3 1.6 n 1.5 - -— n b3 33 12,6 2t 5.8 5 8.7
01d Infarcts 10 1.8 2 3.6 12 &5 19 13 L 3.7 23 9.4 3% 13.8 13 3.6 M 7.9
More mature Infarcts 8 6.2 - - 8 43 14 9.6 7 6.6 21 B.3 25 9.6 15 4.2 Lo 6.4
Fatal Infarcts 1" 8.5 I 1.8 12 6.5 2% 17.9 7 6.6 33 134 5 21.5 34 9.% 90 146
Acute coronary - -— — -
Tnsufficiency 1 0.7 1 0.5 2 1.3 2 0.7 (] 2.3 i | 0.8 9 1.4
Clintcal hyper-
tension 5 33 7 7 12 65 12 82 1w 9k 2 87 §s 201 S5t A3 toe 122

LA
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In a longevity study, Damon (15) looked at 2,450 previous
students from Harvard University. He found that the men who 1ived to
be 70, 75, or 80 years old were significantly less endomorphic (p <
01) when they were in college. These same individuals were also less
mesomorphic, but this was not significant.

Several studies have been conducted that looked at the
relatfonship between serum cholesterol levels and somatotype. Since
elevated serum cholesterol has been 1inked 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 for each unit
rating 1n endomorphy. Gertler 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 later Gertler et al. (28) found coronary-prone {ndividuals
to be more mesomorphic and also to have higher serum cholesterol
Tevels. 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. 1In 1967 Gertler (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

1ipid metabolism and somatotype was conducted on children 1n
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Czechoslovakia. Among 414 children there were no differences in 11pid
metabol{sm between the different somatotypes of boys or girls (36).

Several studies considered the relationship between physique
and tuberculosis (3, 8, 22), The ectomorphic component was most
¢losely correlated with this infectious disease, This was grounds for
Burr and Damon (7) to study the difference in eosinophil count with
different physiques. No significant difference between eosinophil
count and somatotype was found.

When considering the morbidity of the di{fferent somatotypes,
Seltzer and Mayer (90) reported that mesomorphs and endomesomorphs are
more susceptible to CAD, while the ectomorphs are more susceptible to
tuberculosis This is consistent with previous findings Other

relationships are shown in Table 2.,5.

Table 2,5.--Somatotypes which are highly assoctated with selected
diseases (Adapted from Seltzer & Mayer, 1966).

Disease Samatotype
Tuberculosis Ectamorph
Coronary artery disease Mesomorph and endomesomorph
Osteoarthritis Endomorph

Rheumatoid arthritis

Gall bladder difsease
Uterus cancer (women)
Breast cancer (women)
Endometrial cancer (women)
Meniere's disease {(women)

{men)

Obesity

Ectomorph and mesamorph
Endomorphic mesomorph
Endomorphic mesamorph
Endomorph{c mesomorph
Endomorph

Mesomorph

Endomorphic mesamorph
Mesamorph and endomorph




17

Somatotype cannot be used as a sole predictor for mortality or
morbid{ity. Evidence 1ndicates that 1t may be useful 1n determining
potential health probiems that warrant appropriate intervention and
prevention techniques. Tuberculosis is not a major health problem
today; therefore, there 1s not a major health threat to ectomorphs. On
the other hand, CAD 1s a major health problem in our society, and the

mesomorphs and endomorphs should be aware of their higher-risk status.

Measures of Body Build
When cons{idering mortality and morbidity, somatotype {s fre-

quently not determined. Somatotyping large numbers of subjects for
these studies 1s both costly and time consuming. Many researchers have
attempted to use other measures of body build to predict the longevity
and cause of death of various groups.

Morris et al. (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 following study, Morris, Heady,
and Raffle (58) found the drivers to have greater waist and chest
circumferences. Therefore, 1t could be considered that body build may
have a role 1in the incidence of CAD.

In 1959 the Soctiety of Actuarfes (95) presented data on over
four mi11ion policy holders. They found that stocky, muscular men have
shorter 11fe expectancies than Tean men. A similar investigation by
Sorlie, Tavia, and Kannel (97) was conducted on subjects in the Fram-

ingham Study. Minimum mortality was found in subjects around average
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weight. Persons weighing more or less than average had an increased
mortality.

A couple of studies considered blood cholesterol levels with
body build. Cerovska (10) examined 159 men and found those with
elevated triglycerides to have greater skinfolds, greater body surface
area. and greater abdominal circumference. On the other hand, those
with elevated cholesterol levels had lower body surface area and lower
fat-free body mass. Men with both elevated triglycerides and
cholesterol only had increased body surface area in common. Focusing
on younger subjects, ages 19 and 20 years of age, Hellstrom (33) showed
that short, heavy individuals had higher cholesterol levels than tall,
1ight 1ndividuals. Bjurulf (4) took this one step further and looked
at body build and grade of CAD. The amount of muscle tfssue and labfile
fat were good predictors of the grade of CAD, but skeletal dimensions
were not.

The common problem with the studies considered so far 1n this
section {s that they were not presented 1n a usable, transferable
format. In other words, they cannot be quantitatively compared with
each other. Therefore, other indices must be considered.

To find which weight-height ratios could best be used 1n
epidemiological studies, Florey (23) compared weight/height.
weight/height squared (body mass {index [BMI] or Quetelet!'s Index), and
height/cube root of weight (ponderal index). Using data from the
Framingham Study, he found that wt/htZ was the best fndex for measuring

adiposity or body shape i1n males. This was followed by wt/ht, and the



ponderal Index was cons{dered the worst,
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Despite the fact that wt/ht?

was found to be the best, it was still rated as a poor measure of

adiposity. A similar 1nvestigation was conducted by Keys et al. (43).

They evaluated the same three indices by correlating them with height

and subcutaneous fat.

Basifng their research on 7,424 healthy men from

five different countries, the wt/ht2 was found to be the best 1ndex.

As in the Florey study, the wt/ht was found to be the next best, with

the ponderal index being the poorest.

These two studies tndicated that

the wt/ht? is the best measure of body shape when only the heights and

weights are known,

When considering mortality, the wt/ht? was a better predictor

than relative weight.

This was reported by Dyer et al. (21) after

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

the wt/ht? to mortality on a Norwegian population. He found a

U-shaped curve where mortality was higher with both 1ow and high wt/ht2

values, Morbidity was also considered and 1s summarized in 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

Tung disease Tung disease Cerebrovascular disease
Tuberculosis Tuberculosis Diabetes

Stomach cancer
Lung cancer

Stomach cancer
Lung cancer

Colon cancer
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Two other studies were done using the ponderal index as a
predictor of mortality. In 1966 Seltzer (89) reported an {ncrease 1n
mortality with a decrease in ponderal index. Large increases in
mortality were found when the ponderal 1ndex was 12.3 or Jower, and
dramatic increases in mortality were noticed when the ponderal index
was less than 11.6 (Figure 2.1). Damon (15) measured the ponderal
index of men in college and showed a significantly (p < .01) greater
chance of reaching the ages of 70, 75, and 80 1f the ponderal findex was

higher.

210

MORTALITY RATIO
= B oig hk
3 o 8 o

3

150 14.0 130 120 110 ' ll.)O
POMDERAL INDEX

Figure 2.1.--Assocfation of mortality ratio with ponderal index for
men ages 40 to 49. (From Seltzer, 1966.)



21

When these indices were used as predictors for CAD, 1ittle
consistency was found. Klein et al. (45) compared wefght, wt/ht,
wt/ht2, wt/ht? x 10,000, Tog wt/htZ, average wefght, and relative
weight. A1l seven measures were considered poor predictors of CAD.
Keys et al. (42) considered wt/htZ and weight as a percentage of the
insurance average. These were also not determined good predictors of
CAD. A similar study was conducted on 792 54-year-old men from Gothen-
burg, Sweden, by Larsson et al. (48). Again there was no correlation
between wt/ht2 and stroke., ischemic heart disease, or death. However,
the waist-to~hip circumference ratio was significantly associated with
all three. A similar study was conducted on 1,462 women between 38 and
60 from Gothenburg, Sweden, Lapidus et al. (47} found that wt/htZ was
significantly correlated (p < .05) with myocardial infarcticn and ECG
changes, suggesting ischemic heart disease. Despite the significant
correlation, the waist-to-hip circumference ratfo was a stronger pre-
dictor than wt/ht? for CAD.

On the other hand, data from the Manitoba Study presented by
Rabkin, Mathewson, and Hsu (78) showed that the wt/ht? was signifi-
cantly assocliated with the development of a myocardial infarction (p <
.05}, sudden death (p < .01), and coronary insufficiency {(p < .05).
Hawthorne and Womersley (32) studied 3,364 men {n western Scotland. A
Tinear relatfonship between wt/htZ and the death rate from CAD was
found. In Czechoslovakia, Cerovska (11) measured 80 men who were
admitted for diagnosis of myocardial infarction. When men with {sche-

mic heart disease were compared with the men without the disease, two
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differences were noted Wt/ht? x 100 was significantly (p < .05)
higher and wt/ht3 x 10,000 was significantly (p < .01) higher {n men
without disease

Paffenbarger and associates found the ponderal 1ndex and wt/ht2
x 1000 to be useful when predicting CAL When comparing coronary
descedants with controls of 45,000 past college students, Paffenbarger
et al. (63) found a significant difference in the ponderal fndex of
each group, Also a larger number of descedants had a ponderal f1ndex
of 12.B or less. In 1969 Paffenbarger and Wing (65) found a 30%
increased risk of CAD in men with a ponderal index below 12.9 when
studying former students from Harvard University and the University of
Pannsylvania Using only the 16,936 Harvard alumni who entered college
between 1916 and 1950, Paffenbarger et al. (62) reported an inverse
relationship between the wt/ht? x 1000 and CAD. If this index was
greater than 36, there was a 32% higher risk of CAD

Two studies considered the relationship between the ponderal
index and hypertension A‘ithough Perera and Damon (68) found that
women with higher ponderal index values had greater {ncidences of
hypertension, no significant differences were found 1n men Using
subjects from the Bogalusa Heart Study, Voors et al. (106) found that
children with higher ponderal indexes (wt/ht? was used 1n this study)
had higher systolic and dfastolic blood pressures.

Paffenbarger and Wing (66) used the ponderal {ndex as a pre-
dictor for adult-onset diabetes. When welght increased, the ponderal

index decreased and the incidence of diabetes was greater. In an
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attempt to Took at infectfon resistance, Burr and Damon (7) found no
significant difference between eosinophil count and ponderal {ndex.

The different body-build 1ndices have not been shown to be good
predictors of mortality and morbidity. The problem of separating body
mass due to fat from body mass due to muscle is a clear problem.
Ideally, alternative methods for predicting longevity and disease will

be developed.

Height Decrement

The changes {n the stature of man throughout 1ife has been a
topfc of research in many studies. It 1s generally felt that humans
increase in height, maintain peak height for some time, and then lose
height. Of the many studies conducted, some were cross-sectional and
some were longitudinal.

In a 1927 cross-sectional study, Ruger and Stoessiger (82)
found a decrease in height with age. Similar results were reported by
Pett and Ogfivie (69), Stoudt, Damon, and McFarland (102), and Stoudt
et al. (103). A review of the Build and Blood Pressure Study by Brozek
{5) reported that the 1.5 inch decrease {n hefght between the 20-29 age
group and the 60-69 age group was not totally due to findividual
decreases 1n stature but {n part due to a generational increase 1n
stature. In 1965 Damon (14) commented that "trends in aging are best
determined by longitudinal rather than cross-sectional studies.”

Trotter and Gelser (105) attempted to separate the age and

secuTar factors. Using 855 cadavers they estimated that 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 until after the age of 30. This study
was followed by Hertzog, Garn, and Hempy (34), who tried to partition
the effects of secular- and age-associated changes by using tibia
length as a reference. In males they estimated that there was a 1,93
cm decrease {n stature between the ages of 35 and 65 and another 1,19
cm docrease between the ages of 66 and 87. Although these studies
attempted to consider the secular changes 1n hefght, longitudinal
studies were still needed to verify these points

Buchi (6} conducted a Tongitudinal study and found that the
hefght decrement began at age 47. Measuring subjects over the age of
70, he determined the average l1ifetime decrement to be 2,9 cm, In
another study using 44 retired British servicemen, Lipscomb and Parnell
{(49) found no height decrement by 72 years of aga This {nvestigation
was supported by a study by Kidera (44}, who did not find any height
change 1n 100 senfor airline pilots between the ages of 30.5 and 50.5.
However, two tater studies agreed with Buchi and did find some height
decrement. Gsell (30) studied several age groups for 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.
Miall et al. (52) conducted a longitudinal study on height decrement in
two Welsh communities The data are presented in Table 2.7. The

height decrement began after the age of 35 and totaled 7.1 cm by age 85
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in one community and 4.6 cm 1n the other. The decrements to age 64

were 3.1 cm and 1.7 em. Much of the height loss occurraed after age 64.

Table 2.7.--Mean annual height decrements (mm) of males over decades
from 25 to 85 years 1n two Welsh communities {(From Miall
et al., 1967).

Age Interval Rhondda Fach VYale of Glamorgan
25-34 -0.28 ~0.40
35-44 0.7 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

After completing an aging study using 2,200 healthy male
veterans, Damon et al. (17) concluded that the major height decrements
in previous studies were due to a secular trend. Individual shrinkage
occurs mostly after the sixth decade of 11fe. In a review Rossman (81}
concluded that individual height decrements are encountered after 50
years of age. The 1ifetime loss 1n males can be expected to average
2.9 cm,

The evidence on hefight decrement 1s not clear. It appears that
there is a major secular trend toward taller people. Individual height
decrements are negligible until the later years, and then small

decreases can be expected.
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summary

The longevity of athletes when compared to nonathletes is not
conclusive. One confounding variable may be somatotype. Since ath-
letes tend to have a higher mesomorphic component, these studies may be
comparing high-mesomorphic individuals with low-mesomorphic individu-
als. Therefore, controlling for physique may be fmportant when consid-
ering the athlete/nonathlete longevity question.

Many alternative measures of physique have been studfed.
Although the wt/ht seems to predict longevity the best, none of the
{ndexes has been shown to be a good predictor. Therefore, the somato~

typing of athletes and nonathletes may be necessary for these studies.



CHAPTER III

RESEARCH METHODS

This investigation was conducted to 1dentify the effect of
different body types on mortality and morbidity. Athletes were
compared with nonathletes to determine if there was a d{fference 1n
somatotypa 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
mortality such as weight/heights weight/hefght squared, weight/height
cubed, and height/cube root of wefght (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 for this study were derived from a pool of male
students who attended Michigan State University before 1938. Al171 males
who had won a varsity athletic Tetter for competition in intercolle-
giate sports before 1938 were included as the treatment group (Appendix
A). The control group consisted of a random sample of previous stu-
dents found 1n the student directory and matched with the athletes by
class rank during the year the athlete won his first lettern The mean

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

27
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a total of 2,258 subjects (1,129 athletes, 1,129 controls) were
selected and sent a questionnaire (Appendix B). Six hundred twenty-
five athletes and 557 nonathletes returned the first questionnaire for
a return rate of 52,4%  Of this group, 67 athletes and 55 nonathletes
wore deceased

A follow-up survey was conducted 1n 1960 (Appendix Bl)., All
11ving 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 athletes
and 32 nonathletes, leaving 888 subjects in the study.

The two following surveys, 1968 and 1976 (Appendix B): were
conducted fn a simtlar mannar. The return rates were over 90%, with
128 and 167 deaths reported, respectively. These values are summarized
in Table 3.1 along with all 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 this survey, 171
subjects were found to be deceased, including 93 athletes and 78

nonathletes (Table 3.1).

Selection of Sample
Due to the types of questions asked on the different question-

naires, subjects who did not respond to the 1968 survey had to be
deleted because of insufficifent fnformation Subjects who did respond

to the 1968 questionnaire provided the informatfon needed to predict
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Table 3.1.~--Overview of the Michfgan State Longevity Study (Adapted

from Olson et al., 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 9z2.1 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 A57
Returned 220 193 413

% Returned 90.5 90.2 90.4
PDeceased 93 78 17
Living 199 176 375
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thetr somatotype, such as height, year of birth, weight at graduation,
and weights at each year of the completed surveys. Suffictent data
were collected on 767 subjects, and their somatotypes were predicted by
the method described laten Unfortunately, not all of the cause-of-
death data from the 1985 survey were avatlable for 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 different

investigators. The estimation of somatotype was made blind None of
the investigators knew the athletic status or whether the subjects were
alive or deceased when predicting somatotype, After the somatotypes
were determined, all three met as a group to come to a consensus on a
somatotype for each subject. This system was used to maximize the
reliabil{ty and objectivity of the method that was developed

The method for predicting somatotypes used data reported by
Sheldon ot al. in Atlas of Men (94). Forty-six thousand men were
used as subjects for this book. Each 1ndividual was somatotyped, and
age, height, and welight were determined There were 88 different
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 et al. (94) were used to predict
somatotypes Similar data and graphs were generated for each subject
in this study. Then these data and graphs were compared with those
presented 1n Atlas of Men (94).
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SOMATOTYPE 444

12.40
17.63
12.50
s 17,98
17,60
L\. Vi.e8 L
S, 12 70 ..
£ a9 —
1280 L,

1288
1290 ‘,;"
1295

1200
120

1210 J,!'
1315

1220

AGE 18 23 28 33 k]:} 4 48 53 58 63

Weight for Age and Height
Height
{inches) Ape
16§ 23 28 33 38 43 48 53 58 63
75 183 192 198 206 212 214 220 230 23] 221
74 176 164 190 198 204 2]0 211 212 212 2]2
73 169 177 183 190 186 202 203 204 204 204
72 163 170 176 183 189 194 195 195 196 196
71 155 163 168 175 180 185 187 187 1§7 187
70 149 156 162 168 173 178 179 179 180 180
69 143 130 155 161 166 170 172 172 172 172
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 19 125 129 134 138 142 143 143 144 144
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 89 103 107 111 114 117 119 119 119 119

Figure 3.1.--One example of the 88 different graphs and data presented
in Atlas of Men. (From Sheldon et al.,» 1954.)
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Since the data that were generated by Sheldon et al. (94) were
cross-sectional and the data for this study were longitudinal, the
1ssue of height decrement had to be consfdered. As indicated in
Chapter II, the decrease in height is negligible before the age of 60,
Because the data from this study that were used to determine somatotype
were from the age of 65 or earlfer, the height decrement was not
considered a problem. Therefores direct comparisons were made,

The basis of decision making for the determination of somato-
type used the absolute values of ponderal {ndex at specific ages, the
slope of the curve, the Tocation of the peak of the curve, and the
location and degree of the 1ncrease in ponderal index at the later ages
if it existed Unfortunately, the Tongitudinal data necessary to
validate this method of somatotype prediction are not available How-
ever, subjectively the investigators felt that there was good agreement
in their ratings. In retrospect, this aspect of the study would be

improved if the level of agreement was quantified,

Description of the Statistical Analyses

The independent variable considered in this study was longev-
fty. A major problem with longevity studies {s that each subject can
have a different beginning point (birth) and different ending point
{death) 1n the {nvestigation Therefore, at any given time in the
study the age of death 15 unkncwn for many of the subjects. To avoid
losing the data from those who were not deceased at the time of this

study, 11fe tables were used to predict age at death. Therefores 1l1ife
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table age was used as the estimate of longevity. The BMDP Statistical
Software (18) was used to generate the 1ife-table data

The somatotype rating system that was used in most of the
comparisons was on a scale of 1 to 7 in each of the three components:
endomorphy, mesomorphy, and ectomorphy. When it was necessary to use
graphs, the 88 different somatotypes were placed into one of four
groups based on Sheldon's orfginal book, IThe Yarieties of Human
Physique (93). The four groups were endomorph, mesomerph, ectomorph,
and balanced The other measures of body type» ponderal {ndex
welght/height, weight/hefght squared, and weight/height cubed, were
compared by their absolute values.

In the statistical analyses several different comparisons were
made To consider the somatotypes of athletes and nonathletes, t-tests
were used to compare the differences in the degree of each of the three
components between the two groups When the effect of somatotype and
athleticism on longevity was considered, the Cox proportional hazards
regression method was used This was chosen because survival analysis
was used To further consider this issue, analysis of varfance was
used to compare longevity and the four somatotype groups. Subsequent
testing for significance 1n the ANOVA was pairwise multiple comparisons
with the Scheffe method T-tests were used to test the correlations of
the varfious quantitative body-type measures with lengevity, 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 statistical significance in all comparisons



CHAFPTER IV

RESULTS AND DISCUSSION

The purpose of this study was to evaluate the effect of differ-
ent measures of body type of longevity and morbidity. Somatotype and
other quantitative variables were evaluated. The primary consideration
was the role of somatotype 1n athlete/nonathlete longevity studies of
this type. Also, the relatfonship between the different somatotype
groups and specific causes of death, such as coronary artery disease

and cancer, were examined,

Somatotype and Athlete/Nonathlete Comparison

Two~sample t-tests (96) were used to compare the degree of
somatotype 1n each of the three components between athletes and nonath-
letes. Three hundred ninety-eight athletes were compared with 369
nonathletes. Figure 4.1 {1lustrates the differences in somatotype
between the two groups. As noted, the athletes were significantly (p <
.05) more mesomorphic and less ectomorphic than the nonathletes. No
significant differences were found between the two groups in the endo-
morphic component; however, the athletes were s1ightly less endo-
morphic. The results showing that athletes were more mesomorphic was
expected since this was also found in two other studies (9, 74). How-

ever, the finding that athletes were less ectomorphic has not been
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previocusly shown Because many of the athlete subjects for this study
were football players, the ectomocrphic component may have been diluted.
Since athletes and nonathletes do not have similar somatotypes, when
making Jongevity comparisons between these two groups somatotype should
be considered

Ihe Relationship of Somatotvpe and
Athleticism to Longevity

When comparing both somatotype and athlete/nonathlete status
with longevity, the Cox proportional hazards regression method (13, 18)
was used The global chi-square (13, 18) of this analysis {indicated
that together these variables were good predictors of 1ife table age (p
= ,001). The effects of athlete/nonathlete status were tested by
eliminating that variable from the possible predictors The chi-square
test (96) using a Wald statistic (18) was not significant {(p = .2853).
Therefore, somatotype alone 1s a significant contributor for predicting
longevity frrespective of athletic status. When athletic status alone
was tested using a global chi-square (13, 18), no significance (p =
.1894) was found. This further supports the finding that somatotype is
a good predictor of longevity and athlete/nonathlete status 4s not

Life tables were used because subjects entered the study at
different times, and the subjects were differentially lost from the
study. However, since these subjects were matched in the beginning
the losses may not be differential. Therefore, multiple regression was
used to describe these data. The results of this analysis {ndicated

stgnificant, positive relationships between 11fe table age and
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mesomorphy (p = .0270) and 11fe table age and ectomorphy (p = .0067).
However, endomorphy was not indicated as a significant contributor (p =
.8499), Other analyses showed that the endomorphic component corre-
lated most closely with longevity. This is contradictory to the multi-
ple regression findings. Subsequent analysis {ndicated a high degree
of intercollinearity between endomorphy and mesomorphy (Table 4.1),
which helps explain these differences. Because of the intercollinear-
ity, stepwise multiple regression cannot be trusted Further evalua-
tion shows that the nonexistence of certain somatotype groups which
would be mathematically possible results 1n a built-1n negative corre-
Tation (Tables 4.2, 4.3, and 4.4). However, when all three somatotype
variables are entered 1nto the Cox model, somatotype i1s a significant
indicator of longevity, and 1t accounts for approximately 2% of the
variability.

Table 4.7.--Somatotype correlation matrix

Endomorph Mesomorph Ectomorph
Endomorph 1.0000
Mesamorph -, 8263 1.0000
Ectomorph 3165 ~.6322 1. 0000

In summary, the Cox proportional hazards regression method
indicated that athlete/nonathlete status was not significantly corre-
lated with longevity. On the other hand, somatotype was significantly
correlated with longevity. Therefore, 1n athlete/nonathlete longevity

studies, somatotype should be considered as a significant variable
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the degree of endomorphy and

mesomorphy.,
Endomorphy

1 2 3 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 3N 51 57 36 2 X
Ectomorphy 4 22 26 54 55 21 X X
5 7 1 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.
Mesamorphy

1 2 3 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 N 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 samatotype.

Somatotvpe 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 significant difference {p = .001) among
the four somatotype groups of the pooled data. A pairwise multiple
comparison post-hoc of the four groups with the Scheffe method (96}
showed that the endomorphs differed {p < .05) from the three other
groups. The average length of 1ife for endomorphs was less. This is
consistent with a sim{lar investigation by Damon (15), who studied
previous Harvard University students. The other comparisons were not
significant.

The athlete-group data, when analyzed alone, exhibited similar
resutts to the pooled-data results (Figure 4.3). The analysis of

variance was significant (p = .0012). The Scheffe post-hoc (96) also



Life Table Age (years)

40

90
80
70 -
GCDF-
S0
40 |-
T

TOTAL ENDO MESO ECTO BAL

ne 767 121 483 6l 102

Group

Figure 4.2.~--Average age at death of the four somatotype groups
with all subjects.
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showed that the endomorphic group had a shorter average 1ife than the
other three groups (p < .05)., When considering the other three groups.
the ectomorphs were the longest lived. The balanced group was second
longest, and the mesomorphs were third. These three groups were very
close in mean age at death and were not statistically significant.

When nonathletes were considered alone, slight differences in
longevity were found among the somatotype groups (Figure 4.4). An
analysis of varfance (96) using nonathlete data only was also signifi-
cant (p = .0308). When pairwise multiple comparisons were made with
the Scheffe method (96}, only the mesomorphic and endomorphic groups
varied significantly (p < .05). The mesomorphs 1ived significantly
longer than the endomorphs. The balanced group had the next highest
mean age at death, followed by the ectomorphs, but the differences were
not statistically significant.

In conclusions when considering athletes, the endomorphic group
had a shorter average 1ife span than the ectomorphic, mesomorphic, or
balanced groups. When considering nonathletes, the only statistically
significant difference in average length of 1ife was between the

shorter-1ived endomorphic group and the mesomorphic group.

Helght and Weight Measures and Longevity Comparisons

Several measures of body type using height and weight during
college were used to make comparisons with longevity. The values
considered were wt/ht, wt/htZ, wt/ht3, and ponderal index Multiple

correlations (96) weres run to compare these four variables with life
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4.3.--Average age at death of the four somatotype groups
with athletes.
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Figure 4.4.--Average age at death of the four somatotype groups
with nonathletes.
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table age using a t-test for analysis, When the total group of sub-
Jects was considered, wt/ht correlated the best with age at death,
followed by wt/htZ, wt/ht3, and ponderal index. Only wt/ht was found
to be a significant predictor (p = .07105). These results are listed in
Tabte 4,6, Therefore, the best predictor of longevity among these
varfables 1s ht/wt. This is an {inverse relationship and in general,
when weight increases, the ht/wt decreases and expected longevity

fncreasas.

Table 4.5.=-=Correlations of haight/weight variables with 11fe table
age of the 738 subjects.

Correlation Significance
wt/ht -.0947 L0105
wt/ht2 -.0549 .1384
wt/ht3 -,0089 .8105
ponderal 1index .0055 .8816

When only the athlete group was considered, wt/ht was also
found as the only significant correlate (p = ,0075). This was also a
negative correlation at ~0.1363. The other results are listed in Table
4.6, which shows wt/htZ as the second best predictor, ponderal index as
third best, and wt/htd as the worst. Therefore, the athletes resemble
the total group when considering ht/wt.

The nonathlete group did not show similar results to the
athlete and total groups. There were no significant relationships

between nonathletes and any of the four varfabiles. These results are
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1isted 4n Table 4.7. Despite the fact that none was significant, wt/ht

was the best predictor, followed by ponderal index wt/ht3: and wt/htZ

Table 4.6.--Correlations of height/weight variables with 1{fe table
age of the 384 athletes.

Correlation Significance
wt/ht2 -.0916 .0730
wt/ht3 -.0331 .5178
ponderal index .0370 4692

Table 4.7.-=-Correlations of helght/weight variables with 1ife table
age of the 354 nonathletes.

Correlation S{gnificance
wt/ht -.0558 «2955
wt/ht2 -.0088 . 8690
wt/hts .0333 . 5324
ponderal index ~.0419 .4320

Using quantitative variables of height and weight at college as

predictors of longevity must be done with caution. The results of this

analysis are not consistent with the 1iterature

It 1s 1ikely that

none of these variables are good predictors, No significant differ-

ences were found when studying nonathletes. When considering athletes,

only the wt/ht was significant and the correlation was only .1363.

Therefores these variables would not be considered good predictors of

longevity 1n general.
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Somatotype and Coronary Artery Disease Comparisons

The four somatotype groups were used to compare with the pri-
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 1n sach of the somatotype
groups. The results are 111ustrated‘1n Figure 4.5, All the somatotype
groups had approximately 50% of the deaths due to CAD except the ecto-
morphs. Since only five ectomorphs had a known cause of death, there
were too few subjects to draw any good conclusions. A chi-square test
(96) was used to analyze these comparisons., No significant difference
(p = .6779) was found. Therefore, no single somatotype group was
determined as being more prone to CAD than other groups. A 1imiting
factor in this comparison could be the low number of subjects (134) who

had a known cause of death.

Somatotype and Capcer Comparisons

Cancer was also compared with other causes of death 1n each of
the four somatotype groups. Figure 4.6 11lustrates these results.
Usfng a chi-square test (96) to analyze the differences 1n these four
groups, no significance (p = .7194) was found. Cancer was therefore
not significantly more prevalent as a cause of death in any one of the
somatotype groups. Although {t 1s not significant, the data fndicate
that the endomorphs are more 1ikely to die of cancer. The low nhumber

of subjects (134) in this comparison was a 1imitation as well.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary
The purpose of this study was to evaluate the effect of

different measures of body build on mortality and morbidity.
Samatotype, wt/ht, wt/ht2, wt/ht3, and ponderal index were considered.

Seven hundred sixty-seven subjects who had attended Michigan
State University before 1938 were used for this study. This group
consisted of 398 athletes and 369 nonathletess A somatotype was
predicted for each subject, and the four hefght/wefght measures were
calculated using hefght and wefght while in college.

The analyses {ndfcated that athletes were more mesomorphic and
less ectomorphic than nonathletes. When longevity was considered
athleticism was not a good predicton Somatotype, however, was a
statistically significant predictor. The endomorphic group was shorter
1ived than the other three groups.

When the quantitative variables were compared, only wt/ht was
a statistically significant predictor of longevity. When ncnathletes
were considered, none of the height/weight variables was significant.
Only 1n the athlete group was ht/wt a statistically significant predic-

tor of longevity.
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The relationship of somatotype and coronary artery disease
(CAD) and cancer was also examined No significant relationships were
found 1n these 1imited data 11inking a specific somatotype group to CAD

or cancen

Conclusions

1. Athletes were more mesomorphic and less ectomorphic than
nonathietes.

2. Somatotype 1s a good predictor of Jongevity, when compared
with athleticism. Therefore, somatotype should be considered in
athlete/nonathliete longevity studies,

3. In general, endomorphs T1ive significantly shorter lives
In athletes the endomorphs differ significantly from mesomorphs,
ectomorphs, and balanced 1ndividuals. Only the endomorphs and
mesomorphs differ {n the nonathlete group.

4. The best helight/weight predictor of Tongevity 1s wt/ht
This 1s significant in the athlete group but nonsignificant in the
nonathlete group.

5. There 1s no significant difference among the four somato-

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

Recommendations
. Similar studies should determine somatotype at the

beginning of the investigation.
2. Fq11ow-up studies should be considered until all the

subjects are deceased.
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3. Similar studies should be conducted on female athletes and

nonathletes.
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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 134
Baseball 59
Other 72

Total 398



APPENDIX B

QUESTIONNAIRES

(1952, 1960, 1968, 1976, 1984)
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MICHIGAN STATE UNIVERSITY
Department of Health, Physical Educstion and Recreation

FOLLOW-UP STUDY OF LONGEVITY AND MORBIDITY OF
MALE GRADUATES OF MICHLGAN STATE UNIVERSITY

NAME OF ALUMNUS (Please print)

Date

PRESERT ADDRESS

MARITAL STATUS (Check one) _ Married

PRESENRT WEIGHT ibs.

RACE _ White _ Negro _ Other

__Single _ Widowed _ Divorced

1f your weight has changed wore than 15 lba.
within the last seven years, please explain

PRESENT OCCUPATION From 19__ to 19__
ARY PREVIOUS FULL TIME OCCUPATIONS:
1. From 19__ to 19__
2. From 13__ to 1%
3. From 19__ to 19__
4. From 13 _ to 19__
SMOKING HABITS: DRINKIRG HABITS
(Please check only those which apply) (Please check only those which apply)
__Smoke _ Do not amke _Prink Do not drink
(1f you do not smoke, pleage dimre- (If you do mot drink, pleage disre~

gard the remaining questions in this
section)

Cigarettes:
1. Less than 1/2 pack per day__
2. 1/2 to 1 pack per day__
3., Over 1 pack per day

Cigars:
1.
2.
30

Leas
3w
Over

than 3 per day
6 per day__
6 per day__

Less
4 to
Over

than 4 bowls per day__
10 bowle per day___
10 bowle per day

Less than 1/4 pack per day
1/4 to 3/4 pack per day__
Over 3/4 pack per day

gard the rewmaining questicne in this
section)

Beer:
1'
2,
3.

Occasiopal bottle
1 to 3 bottles per day_
Over 2 bottles per day

Wine:

1. Occasional glass other
than for religious use _
Daily but less than 1/2
bottle

Over 172 bottle per day__

2.
3.

Whiskey (gin, etc.):
1, Occaeional glass__
2. 1 to 3 shots per day___
3. 4 to 6 ehots per day
4. Over 6 shots per day_
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LONGEVITY OF RBROTHERS AKD SISTERS: (If any of your brothers and sisters
have died in the past meven years, please furnish information requested}

Relationship Cauvse of Death Age at Death
Brothers
Siscers

HEDICAL HISTORY: What s{lments have you had in the last seven years?
(Examples: Coronary Thrombosis, High Blood Pressure, Cancer, Diabetes,
TB, etc.) Age at Qccurrence
Y.
2.
3.
4,

FAMILY: Do you have any children? _ Yes _ No
(1f your answver is yes, please furnish information requested)

Sons: Number living_ Nuzber deceased
Age and cause of death

Daughters: Number living Number deceased
Age and cause of death

HON~-VOCATIONAL ACTIVITY RECORD FOR THE PAST YEAR:

1, Do you _ Mow your own lawn? _ Do other yard or house maintepance?
{(Pleane describe)

2. Do you _ Have a parden? What do you do in connection with this?

3. Do you _ Bo any sitting up exercises in the winter?
_1n the summer? How long does each session last?
When was the last time? The time before that?

4. Do you walk or bike to work? How far?
How often?

5. Do you have any hobbies or engage in other non-vocational work
or recreation regularly? EXCLUDING SPORTS (Pleage 1list below)
Hobby or Activity How Often Do You Participate?

a.
b.
c.
d.
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€. What sports did you engage in regulariy during the past summer

months? (Please use the liet below as a guide)
Sport How Often? When Was the Last Time? The Time Before?
a.
b.
c.
d.

7. What sporte did you engage in regularly during the past winter

months? (Please use the list below as a guide)
Sport How Ofren? When Was the Last Time? The Time Before?
a.
b.
c.
d.
e.
f.

Angling (fishing)
Archery
Badminton
Baseball
Basketball
Bicycling
Birling
Bob~-5ledding
Bowling

Boxing

Canoeing
Codeball

Cricket

Cross Country
Curling

Fencing

Field Ball
Football

Golf

Gywmnantice
Handball

Hiking

Hockey (field)
Hockey (ice)
Horseback Riding
Horseshoe Pitching
Hunting

Hurling

LIST OF SPORTS ACTIVITIES

Ice Boating

Jai Alai

Julitsu

Lawvn Bowling
Hountain Climbing
Paddle Tennis

Polo (horse)

Polo {(water)

Rowing and Sculling
Sailing
Shuffleboard
Skating (ice)
Skating (roller)
Skeet and/or Trap Shooting
Skiing

Snow Shoeing
Squash Rackets
Swimming

Table Tennis

Tennis

Track and Field
Trapping

Volley Ball

Walking Competitive
Weight Lifcing
Wrestling
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Serial No.
SECOND FOLLOW-UP OF THE LONGEVITY
AND MORHIDITY OF MALE CRADUATES OF MICHIGAN STATE UNIVERSITY
Name of Alumnus Date
Street City State
PERSONAL INFORMATION
1. Have there been any changes in your marital status since 1960 (our previous follow up)?
Yes[J No[O

{1 yes to question 1, answer A; if no, move on to question 2t

A. Please Explain

2. Fresent weight .. Ibs. A. Have you lost 15 ]bs. or more since 19607 Yes{] No[O
{If yes to question A, answer 1 and 2; if no, move on to question 3)

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

3. Height (in inches}

4. Which of these body type classification do you feel is closest to your body build?
Stocky [0 Medium[J  Slender

OCCUPATIONAL INFORMATION

5. Areyou presently working (job or self employed® Yes{J No[O
{1f no, answer A; if yes, move on to question )

A. Have you had & job or been self employed at any time since 18607 Yes[J No [
{1f no, skip to question 7; if yes, move on to question 6

6. Answes the following questions about your present occupation o1 the last job you have had since 1960.
What kind of work (for example, engineer, teacher, doctor)

. About how much time on the job is spent sitting?
Practicallyall J  More than half [J  About half [ Almeost nane [
. About how much time on the job is spent walking?

Practicallyall [J Morethen halfJ  About half [0 Almost none [J
. About how much walking getting to and from your job? Blocks Miles
. What type of transportation do you ust to and from your job {check all that apply)
Subway[] Bus[J Car[J  Bicyele D Others (Please describe)

moy 0O W

F. How cfien do you have to lift heavy weights or carry heavy things on the Job?
Frequently ]  Sometimes 1 Very infrequently (or neven) [
C. How many hours a week do you work on your job? (Hours per week)
H. How much tension {n your job? Great Deal[J Some[d VeryLitile[Z3 None[D
1. Any responsibility for supervising other wotkers on the job® Yes[J No[OJ
{If yes, answer [; if no, move on to J)
[ 1, About how many on the average do you supervisc? J
J. Whendid 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 [J. | was on that job years. No, this was my first job [J.
No, did different type of work [J. I 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?
2. What kind of wark was it?
3. On this job did you spend more or less time sitting than your present job?
More 1 less[3  Same[J
4. Was there more or Jess walking on this earlier Job than on your present (or last) job?

More [ Less(OQ Same

years.




64

LEISURE TIME ACTIVITIES

7. How often do you do the following® (For each activity listed, please chech whether you do §t frequently,

sometimes, or very infrequently.)

Frequently
A. Take walk in good weather O
B, Work around the house or apartment D
{painting. repairing, eic.}
C. Gardening in spring or summer O
D. Take part in sports during season 0

Sometimes Very Infrequently
(Or Never)
0
O

0
D

E. Ifyou take part in sports. please indicate what kind of sports and frequency either by the week or year.

Q
0

-
O

Fiequency Fregueney

SPORT Per Wk or Fer ¥r. SFORT PerWh o Pet Yt
O Angling tfishing! 3 Jude
0 Archeny — — ) Lawn Bowhng —_—
= Budminton —_— —— 3 Mountein Climbing [ ——
O Baseball — —_— 3 Paddic Tennls ——— ——
O Basketball — —_— {3 Pole thorse! —_ —_—
{0 Bicychng — ——— D) Falo iwater! —_— e
O Bot-Siedding —n —_—— [J Rowing & Sculling r—— [
01 Bowling teaclude lavnbowlinghere! . 0 Shuffieboard —_—
1 Boxing —_— —_— £ Skating lice: —_ —_—
3 Canoeing — — 3 Skatinp roflert —_ —_—
O Codebal! e—— ——— T Skiing —— ——
O Cricket ——— — [2 Snow Shoeing —_— —_—
O Cross Country R —_— {3 Squash Rackers —_— —_—
O Curhing —_— —_ [ Swiniming —_ e,
[ Fencing —— —  Table Tennis —_ —
3 Football —_— s C Tennn —— ———
O Colf —— — 0 Track & Field — —
[ Cymnastics —_— — 2 Trapping —_— —
O Handball — —_— [ Volleyhall — —
G Hiking — — D Weight Liking —— —_
™ Huockey 1field: — e —_— 0 Wresthng —_— —
T Hockey drey — —_
[ Hetseback Kiding —_— —_— Othets.
C: Horseshoe Pitching —_— — a
C Hunling —— —_— O
it ke Boating —_— —_ [m}
0 Jar Alui ]

F. Have you been using an exescise plan at any time during or since 1860° Yes[J No[J

t1f yes to question F, answer | and &; if no, answer question G)

1. Please check how often you used this plan.  Frequently O

2. Give a brief explanation of the exercises and amounts of time s

Sometimes []

pent.

Very infrequently [

G. Up till the time you graduated from high school did you live mastly on the farmP ] How many

years?

DIET RECALL

Or did you live in the city? ]  How many years?

8. List the things you ete and drank yesterday (this should preferably be a week day) When possible, give
the specific name of the item, e.g.. Fresca or Coca Cola, rather than sofl drink: McDonald's hamburger,
whole milk, skim milk, hall and half. rather than fust milk. Indicate the amount you ste or dranl in
terns of cups (200 mi}, tablespoons. teaspoons, ounces, numbers and approsimate size, e.g.. small. large,

medium for frults, vegetables, ete,

You may list tmeats either in ounces or size of pirces: one hamburger patty (37 digmeter a )

" thicky

weighs 3 oz.; an average serving of steak (37" x 3" x %7} weighs 3 0z. Be sute to include everything you
ate or drank yesterday — candy, liguor. coffee {list sugar and cream, if used), popeorn, potate chips, et
as well as your segular mesls. To help you estimate sizes, & mle is matked ofl on the edge of thiv page.
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Breakfast Morning Snucks
Ambunt ar Amount or
Jiem S Llem 821
Lunch Altemoop Spgcks
Amount ot Anount or
lem Sie Itern e
Dhinyer Evening Suachs
Amount or Amount of
1irp- S L Size

A. Check date of diet record. Sun.[J] Mon.[J Tues.[J Wed.O Thws.J Fri. O Sat.[J

B. Did yesterday's meals include any special or unusual event, e.g., party, birthday, anniversary, picnic,
etc.? Yes[J No(O
1. Ifyes, what was it?

C. Does the above represent youwr usual day’s food intake? Yes[] No[J
1. N no, how did it differ from your usual intake?

D. Check the column which indicates the approximate frequency with which you consume each food,
Founl Dails | Werkly {Never Food Dathy | Weeala | Norer
MWhals nuill Fisl,
| 3 hall ef
It cream not jre milk Cream or cuttaed pres
Cheese 1other than eottage: Cream pudding.
Hutie) | Sugar in colies _ten ek
Margatine ugat On cerrsl
Sour cream Sugat_on fruity vegelabies
Salad dressings nat low calone: tosteci cukes, browiues,
T sweetyolis_gic
Cravy Soft dranks (olher than
atreire] Toeat low ot non.-calotie!
Fork Honey
Veal elly  jam, preterves. marmalade
French-fried potutoes Syrups on puncakes walfles. el t
nied medt. fned potuloes, efc, nfaees
Other deeprat fned Toody Sweetened fruit juices, syrups, elc

8. Doyou drink coffee? Yes[J] No[J (M yes, answer question a: if no, go on to question 10}
A. What 1s the sverage number of cups per day® 1.3[7]  46[] 79 more[J.

SMOKING HABITS
10. Doyou smoke at the present time® Yes{]  No[J  (1f yes to question 10, answer A and B

A. About how old were you when you first began to smoke? Yrs, old.

B. What is the average number of cigareites clgars pipefuls
{continue on to question 114

you smoke per day.

{If no to question 10, answer C)

C. Didyou ever smoke regularfy* Yes(O  No[7] j

{lHyes to C, answer 1, 2, and 3, if no, move on 1o question 11}



66

that you smoked per day?

1. About how old were you when you started smoking? Yrs. old.
2. About how old were you when you stopped smoking® ¥rs, old.
3. When you were smoking. what was the average number of cigarettes

cigars

pipefuls ______

DRINKING HABITS

11. Doyou driuk at the present time?

{M yes to question 11, answer A}

Yes T3 No[J

Beer
[0 Occamonad battle

[0 1e3 buttles per day
Jover 3 bortles pea day

A. Flease check the amount: you usually drink.

Wine

{3 Ocvavinnal glass other than for rehigious uee
O aily but feen than L bottle
O tnert; battle perday *

{continue on to question 1

Whiskey 1gin. etc.d

] Occasional glass
BJ e & shots per day
over & shuts per day

{If no to guestion 11, answer B}

[_B. Did you ever drink regularly?

Yes[ ] No[1

-

(1f yes to question B, answes 1 and 2: il no, go on to question 12

you quit

1. Please give the number of years that you drank regularly before you quit

Yts., and why

Beer

[ Owcarional battle
1 tu 3 bottles per day
et 3 bottles per day

2. Please check the amounts you usually drank.

Wine

[ Occavional glass othet than for teligivus use
[ Dasty. but less than 4 bottle
D over . bantle per day

Whiskey rgin. etc.)
[ Gecasional glass

3 to & shats per day
aver 6 shots per day

HEREDITARY HISTORY

12. If there are any changes in this history since 1960, will you please bring this information up to date. and
make any additions or corrections in the data listed below.
RELATIONSHIF If Living I Deceased
Age Ailment, if anv Age at Death Cause of Death
Father
Mother
Biothers
Sisters
!

A. Father's occupation

MEDICAL HISTORY

13, If you have had any of these diseases since 1960, will you please bring this information up to date.

Make any correction or addition in the data we lisled below.

Adlment

Ape at
Ol

Ate you Mill
troubliled with
this condition”

At yon tabing
miednation m
tevstom n fon 1t

Higl Bliw] Fresvane

Angin Fectonn

Strab (Cerchia! Thinmbeae:
Reart Atk Cornnaty Throsoleos?
Rhenmatin Heart Jsvase
Catnes

| T DY TR

Tubrerculosis

ks

Lt Ailimnt

Arthsty

Lot

thlur

HHTHITHT

Yes Nue

Yer
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Serial Nu.

THIRD FOLLOW-UFP OF THE LONGEVITY
AND MORBIDITY OF MALE GRADUATES OF MICHIGAN STATE UNIVERSITY

Name of Alumnus Date

Street City State

Soacial Security Number

PERSONAL INFORMATION

1. Heve there been any changes in your marital atatus since 1966 (our previous follow-up)?
Yes O NoeO

(1f ves to question 1, anewer A: if no, move on to question 2)

A. Please Explain

2. Present weight—__1bs. A. Have you joat 15 lbs. or more since 13687 Yes O No (3

OCCUPATIONAL INFORMATION

3. Are you presently working (job or self employved)? Yes U NoD
{If no, answer A; if yes, move on to question 4)

A. Have you had u job or been self emploved at any time since 19687 Yerl NoD
(If no, ekip to question 5; if yes, move on to question 4)

i

4. le this the same job you reported on the 1968 questionnaire? Yes[Q Ne(
(If yes, move on Lo question 5; if no, anawer the following questions A through J.

A. What kind of work (for example, engineer, teacher, doctor)

B. About how much time en the job is spent sitting?

Practically all D  Morethan half 1  About half O  Almost none O

C. About how much time on the job is spent walking?

Practically all 0 More than half 0  Abouthelf O  Almost none D

D. Do you ever walk to or from work?  Yes O No O

If ves, how far do you walk? Blocks Miles How many times a year

Do you ever bicycle to and from work? Yes DO  No O If yes, how far do you cycle (both ways)?
Biocks Miles Number of times per year

E. What type of transportiation do you use to and from your job (check all that apply)?
SubwayD Bus(C Car0 Bicycleld Walking DO Others (Please describe)

F. How often do you have to lift heavy weights or carry heavy things on the joh?
FrequentlyDD Sometimes O  Very infrequently {or never) D

G. How many hours a week do you wark on your job? {Hours per week)

H. How much tension in your job? Grentdenl O SomeD Verxlittled NoneD

I. Any responsibility for supervising other workers on the job? Yes O NeoD
(If yes, anrwer 1; if no, moveonto J)

1. Aboul how many on the average do you supervise?

J. When did you start on this job?  Year

LEISURE TIME ACTIVITIES

5. How many hours a month do you do the following activities and which months? (List
number of hours involved in each activity under the sionthis) you participate. Leave
blenk where not involved.)
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Jan.

Feb,

Mer,

Aprfl

May

Jure

Aug.

Sepl.

Ocl.

Nov.

Dee.

.Fistung ~ bank, boat, ice
Fishing -~ wading
Atrchary, targel
Badminton

Baszeball - hard, soft
Basketibail
Bicychng - pleasure

Tobagganing, sleading
Bowling, including lawn
Canopeing or rawing
Jogging

Curhing

Fencing
Gardening
Lawn mow:ng - riding

LAWR mowing - power mawet
Lawn mowing - hand mower
Snow shoveling
Golf - walkng
Golf - power can

Handball, including paddieball,
rackel and squash

Walking - back packing

Walking - cross country

Waliking - mountain chmbing
Walking ~ pleasure

Home workshop {carpentry}
Horseback riding

Horseshoe pilehing
Hunting - bow and gun
Salling - ice ano watet
Judo, including karate

Pagdie tennis
Rowing. skulling
Shufileboard (notl hand)

Skating - ice, roller
Skiing » downhill
Skiing ~ cross counlry
Skilng - water
Snowshoeing

Cancing - ballroom
Danging - square
Swimming - plessure

Swimming - sxercise
Table tennis

Tennis - singles
Tennis - doubles
Volleyball

Wenght litting
Calisthpnics - homs
Calisthenics - Health Club

Others;

|
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6. If you have been routinely exercising under a home exercise plan or Health Club plan tcommercial,
Y.M.C.A., Athletic Club, etc.) answer the following questions:

A. Number of hours per month Wwhich months (circie Jan., Feb., Mar., Apr., May, June, July,
Aug., Sept., Oct., Nov., Dec.
B. What type of exercises?

DIET RECALL

7. List the thinge you ate and drank yesterday (this should preferably be a week dav), When possible, give
the specific name of the item, e.g., Fresca or Coca Coln, rather than soft drink; Mcllopald's hamburper,
whole milk, skim milk, half and half, rather than just milk. Indicate the amount you ate or drank in terms
of cups (200 ml), tablespoons, teaspoons, ounces, numbers and approximate size, e.g., amall, large, medium
for fruits, vegetables, ete.

You may list meats either in ounces or ajze of pieces: one hamburger patty (3" diameter x 1" thick:
weighs 3 0z.; an average serving of steak (3" x 3™ x 4”")weighs 3 oz, Be sure to include everxthing you ate or
drank yesterday — candy, liquor. coffee (list sugar and cream, iTused), popeorn, potato chips. etc., as well as
your regular meals. To help you estimate sizes, a rule is marked off on the edge of this page.

Breakfas! Motning Snacks
Amount or Amount or
Item Size ltem 5ize
tunch Atterncon Snacks
Amount ofr Amaunt gr !
Hem Site ltem Size
Dinner . Eveninpg Snacks
Amount or Amount or
Item Sue item Size

A. Check date of diet record: Sun. 80 Mon.O Tues.0 Wed.D Thure. Fri.O Sat.0O0

B. Did yvesterday's meals include any special or unusual event, e.g., party, birthday, anniversary, picnic,
etc.? YesOd NoD ) M yes, what wasit? __.

C. Does the above represent your usual day's food intake? YesO NoDO
1. If po, how did it differ from your usual intake?
D. Check the column which indicates the approximate frequency with which you consume each food.

Food Daily' Weakly {Never| [Food Dally | Weakly Never
Whoie milk Fish
Cream ot half and hall Beat
ice cteam (not ite milk} Cream or cusiard pips
heese {Dlher than collage) Cteam pugdings
Butier Sugar: in cotlee, 128, eic
atganng Sugar on cereal
Sout cregam Sugar. on fruils, vegetables
Salad dressings (not Iow calore) Frosted cakes, brownies.
EQos sweel roklg, ete
{aravy Soft gtinks (other than
Fat aroung ment low or non-talone)
Pofrk Hopney
Veal Jelly, |Jam, preserves, marmalade
French-ineo potaloes Syrups (oh pancakes. waffles elc.)
ned meat, fried polatoes, elc Mpiasses
Other geep-lat inied 1bods Sweelened fru) (WCes. Syrups_eic
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E. Do veu drink coffec? Yee D No D (If yes, answer quertion A; if no, go on tu question R)
A.What is the average number of cups per day? 1-:30 460 7490 moreO

SMOKING HABITS

B. Do you smoke ot the present time? Yes DO NoD (If yes tu question B answer A and B;if nu,
answer C)

A. What is the average number of cigarettes ___, cigare.. , andor pipefulls — you smoke per da,\-'.ﬂ

B. Have you stopped at any time between 1468 and now? Yes O NoDO I yee, how long did
vou efop ? |

C. Did you amoke regularly any time between 1968 and now? Yes[D NoD 1f no, go on to gquestion 9.‘;
If yes, howlong? _____ How many cigarettes.... cigara—, pipefulls — did you smoke per day?,

DRINKING HABITS
9. Do you drink alcoholic beverages at the present time?  Yes O No [ (If yes to question 8, answer
A and B: if no, answer C) :

A. Please check the amounts you usually drink.

Besr Wine Liquor
D Occasional botile O Occasional glass other than {or religious use O Occasionat glass
[ 1 to 3 botties per day D Daily. but less than ' bottle D 210 & shots per day
O over 3 botties per day [ Cver ' boitle per day [J aver & shots per day

B. Had you stopped drinking at any time between 1968 and now? YesDO NolJ Ifno,goonto
question 10. If yes, for how long a period did vou atop?

C. Did vou drink regularly at any time between 1968 andnow? Yes O NoD
If no,goon toquestion 10. If yes, for how long 8 period did you drink?
How much? (Flease check the amounts.)

Beer Wins Liquor
0 Occasional bottle D Occasional glass other then Jor religious use 0 Occasions! plass
D 1 te 3 botties per day [ Daity, but Iess than % botlle 0J 3 to 6 shots per day
[J over 3 botties per day 3 Over = botlle per day D) over 6 sho's per day

BEREDITARY HISTORY
10. As of 1968, the individuals listed were otil] alive. Will you please bring this information up-todate.

H Living { Dpceaseg
RELATIONSHIP Ane Allment. i1 any Age 8t Death Causeg o Dealn

A. Father's occupation (when working)
MEDICAL BISTORY .
11. 1n 1968 you indicated you had the following conditions. Will you please bring this
information up-to-date. Make any correction or addition in the data we Jisted below.

Are you st Are you taking

Allmant Age ! troubled with medicallon or
Oneel this condition? trantmant for It?

Yos Ne Yo No
High Blood Pressure D o =] w]
Angina Pectons (m] m] O 0
Stroke (Cerebrs! Thrombosis) D ] ) &
Hear Attack {Coronary Thrambosis) —_— D C B (]
Aneumatic Hearl Oisease — ) D D D
Cancer 0 O (] o
Diabetes o 0 D D
Tuberculoss O O D O
Vicer — a O (o] ()
Liver Ailment —_ 0 D @] O
Arthritis [— (] D (m] o]
Gow —e m} () D D
Qther —— (] (] (m] (]
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Serinl Nov e .

FOURTH FOLLOW.UP OF THE LONGEVITY
AND MOLKBIDITY OF MALE GRADUATES OF MICHIGAN STATE UNIVEHSITY

Name of Alumnur Date

Street Cuy State

Socin] Security Number

PERSONAL INFORMATION

1. Have there been any changes in your marita) status since 1976 (our previous follow -upty
Yes O Noe D

(1 yes to gquestion 1, answer A: if no, move on to question 2)

A. Please Explain

2. Present weighte——1hs. Have you lost 15 lhs. or more since 19767 Yes O NoDD

OCCUPATIONAL INFORMATION

3. Are you presently working (job or self employed)? Yes O Ne G
{If no, anewer A, if ves, move on to guestion 4)

A. Have yvou had a job or been self emploved at any time since 19767 Yesed NoD
(1 no, answer A: if yes, more on to question 4)

4. Is this the saume job vou reported on the 1976 questionnaire? Yes O No0O
(1f yes, move on to question 5; if no, answer the following questions A through J.

A. What kind of work (for example, engineer, teacher, doctor)

B. About how much time on the job ie apent sitting?

Practically all @ More than half @  About half 0  Almost ncne 0O

C. About how much time on the job is spent walking?

Practically all O  More than half D About helf O Almost none (O

D. Do vou ever walk to or from work? Yes O NoO

If yes, how far do you walk? Blocks Mles How many times a year

Do you ever bicycle to and from work? Yes D  No D If yes, how far do you cycle (both wavs)?
Blucks Miles Number of times per year

E. What type of traneportation do you use to and from your job {check all that apply)?
SubwayDD BusO Car{l Bicycle D Walking D Others (Please describe)

F. How ofien do you have to lift heavy weights or carry heavy things on the job?
Frequently 0 Sometimes O  Very infrequently (or never) O

G. How many hours a week do you wark on vour job?——. (Hours per week)

H. How much tension in your job? Greatdeal @ SomeD  Very littled NoneD2

1. Any reaponsibility for eupervising other workers on the job? YesD NoD
{11 yves, anawer 1; if no, move on to J)

I
' 3. About how many on the average do you supervise?

Jd. When did you start un thes job? Year

LEISURE TIME ACTIVITIES

. How many bours 0 month do you do this following activities and which monthe? (1ast
numint of houre involved in each activity under the manthis) you participate. Lenve
bimnk where st invalved
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Jan,

Fab.

Aptil

May

June

July

Aug.

Sepl.

Ocl.

Nov,

Dec.

Fishing - bank, boat, ice
Fishing - wading
Archery, target
Badminton

Baseball - harg, soft
Basheibal!

Bicycling - pleasure
Tobagpaning, sleading

Bowling, including lawn
Canoeing or rowing
Jogging

Curhng

Fencing

Gardening

Lawn mowing - riding

Lawn mowing - power mowaer.

Lawn mowing - hand mowar
Snow shoveling
Golf - walking
Goll - power carl

Handball, including paddieball,
racket and squash
Walking - back packing

Walking - cross counlry
Walking - mountain elimbing
Walking - pleasurs

Home workshop [carpentry)
Horseback riding

Harseshoe pitching
Hunting - bow and gun
Sailing - ice and waier

Judo, including kerate
Paddie tennis

Rowing, skulling
Shuflieboard {not hand)
Skating - ice, roller

Skiing - downhill

Skiing = cross country
Skiing - waler
Snowshoeing

Dancing - baliroom
Dancing - square
Swimming - plsasure
Swimming - exercise

Table 1ennis
Tennis - singlas
Tennis - doubles
Vollsyball

Waeight lifting
Calisthenics - home
Calstherics - Healih Club

Othats.
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6. Il you have been routinely exercising under a home exercise plan or Health Club plan tcommercial,
Y.M.C.A., Athletic Club, etc.) answer the following guestions:

A. Number of hourr per month ~which months (circle): Jan., Feb., Mar., Apr., Moy, June, July,
Aug., Sept., uct., Nov., Dec.
B. What type of exercises?

DIET RECALL

7. List the things vou ate and drank yesterday (this should preferably be a week day). When possible, give
the specific name of the item, e.g., Fresca or Coca Cola, rather than eoft drink: McDonald's hamburger:
whole milk, skim milk, half and half, rather than just milk. Indicate the amount you ate or drank in terms
of cups (200 ml), tablespoons, teaspoons, ounces, numbers and approximate size, e.g.,s6mall, large, medium
for fruits, vegetables, etc,

You mey list meats either in ocunces or size of pieces: one hamburger patty (3" diameter x 1™ thick)
weighs 3 0z.; an average serving of steak (3" x 3" x '4") weighs 30z. Beaure to include evervthing vouate or
drank yesterday — candy, liquor,coffee (list sugar and cream, if used), popcorn, potato chips, ete., as wellas
your regular meals. To help vou estimate sizes, a rule is marked off on the edge of this page.

Breakiast Morning Snacks ]
Amount ar AMmount or .
ltem Size Itemn [ Sige |}
i
Lunch Atternonn Snachks
Amount or Amount or
Item Swze Item Size
]
Dinner Evening Snacks
Amount or Amopunt ar
ftem, Size ftem Size

A, Check date of diet record: Sun.1 Mon. ] Tues D Wed.O Thurs.O FriiO Sat. DT

B. Did yesierday’s meals include any epecial or unusual event, e.g., party, birthday, anniversary, pienic,
etc.? YeseD NoD 1. If yes, what was it?
C. Does the above reprepent your usual dny's food intake? Yes ) NoO
1. If no, how did it differ from your usual intake?
D. Check the column which indicates the approximate frequency with which you consume each food.

Food Dally Wetkly [Naver] |Food Dally ' Weakly |Never
Whole milk Fish

Ctaam or hatt ang hail Beat

Ice cream (Notice milk) Cream or cusisrg pies

Cnepse (Other than cotlage) Cream puddings

Butier Sugar. tn colfee, tea. elc

Margarine Sugar on cereal |
Sour cream Sugar on fruils vegetables !
S8/ad dressings (not low calone) Frostec canes. browhies.

Eggs sweet rolls, elc

Lravy Soft grinks (Othet than

Fat around mest oW Of hOn-CRICHE)

Pork Honey

Veal Jelly, (am, presgrves. marmalade

French-tried potatoes Sytups (on pancakes wathies. eic ) 1
Fried meal. Ined polatoes. elc Molasses |
Other geep-1al tned 1oDo% Sweeslened Iruit Juices syrups el | i
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E. Do you drink coffee? Yes 3 No O (If yes, answer questionA; if no, go on to question &)
A.What is the average number of cups per day? 130 460 790 moreD

SMOKING HABITS

8. Do you smoke at the present time?  Yes[D No O (If ves to question 8 answer A and B; if no,
answer C)

A. What in the average number of cigarettes ___, cigara___. , and/or pipefulls ___ you amoke per da ¥

B. Have you stopped at any time between 1876 and now? YesO NoDQ  If yes, how long did
you stop? !

C. Did you smoke regularly any time beiween 1976 and now? YesD NoD If no, go on to question 9.
If yen, how long? How many cigarettes., cigars—, pipefulls ___did you smoke per day?|
DRINKING BABITS

8. Do you drink alcoholic beverages at the present time? Yes 0 No O (Ifyer to question 9, answer
A and B: if no, answer C)

A. Please check the amounts you usually drink.

Boer Wins Liquor
[J Occasional botile [ Occasional giass ather than for religicus use O Occasional plass
0 1 to 3 botties per day D Daily, but less than ' bottle D 3 10 6 snots per day
£l over 2 bonles per day D Ovar % botlie per day O over & shots per day

B. Had vou stopped drinking at any time between 1976 and now? Yesd NoO If no,goonto
question 10. If yes, for how fong a period did you atop?

C. Did you drink regularly at any ime between 1976 and now? Yes O NoO
If no, goon toquestion 10. If yes, for how long a period did you drink?
How much? (Please check the amounts.)

Beer Wins Liquor
3 Occasions! bottle D Occasiona! glass other than for raligious use 0 Occasionat glass
D 110 2 bottles per day O Daily, but less than % botile [J 3 to 6 shots per day
O over 3 bottles per day O Over ‘s botlie per day O over 6 shots per day

HEREDITARY HISTORY
10. Asof 1976, the individuals lsted were still alive. Will vou please bring this information up-to-date.

It Living { Deceased
RELATIONSHIP Ane Ailment, i1 any Age at Dealn Cause of Death

A. Father's occupation (when working)
MEDICAL HISTORY

11. In 1976 you indicated you had the following conditions. Will you please bring this information
up-to-date. Make any correction or addition in the data we listed below.

Are you stlll Are Lou aking

Allment Age ml troubled wilh medication or
Onast this condilion? treaiment for it?

Yo No Yas No
High Blood Pressure O (w] D O
Angina Pectons »} 0 D D
Stroke (Cerebral Thrombosis) D D a (w}
Hearl Attack {Soronary Thrombosis) (o] (w] &) 0
Rheumatic Heart Dissase -} Q 0 D
Cancer [m] ] O Qa
Disbetes O ] 0 D
Tubercuiosis A =} 0 Q
Ulcer D D D D
Liver Allment @] (w] m] D
Arthnilis o o (] (w]
Gout [m] | m] ju} ]
Other 0 (m] D 0
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Two-samr~le t-tests

VARIAILE ATHLETE YES

a. MEAN  68.204
ACEDIX vaR 178,30
(TOTAL= 11€3) N 274
10, HEAN 2.6%58
ENDO VAR  1.90B%
(TOTAL= 1183) N 358
11, MEAN 4,9498
MCSO vak 2.3971
(TOTAL= 1183) N 398
12, MEAN 2,6633
ECTO VAR  1.2063
(TOTAL= 1183) N 3ve

NOD

70,167
190,07
20
V561
L0545

349

SR

4,.5691
2,3492

3469

3.027
1.2873
3469

76

TEST STATISTIC DF SIGHIF
T=-1.4141 459 +1071
F= 1.0480 226,273 3043
FPROR(15T MEAN<2ND 1DATAY= 2455
T==,28478 765 « 3241
F= 1.0783 248,397 23860
FROB(LST MEAHI2NIY 1DIaTAY= JB373
T= 3.59%0 765 +0003
F= 1.0204 397,348 +4223
FROB(IST MEAN:ZND [DATAY=s 9998
=-4.5110 760 + 0000
F= 1.0472 348,377 + 2627

FROR(CLIST HEAN-2ND (DATA)Y=1.0000
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DESCRIFTIVE STATISTICS FOR FIXED COVARIATLS

e A aa T T b e i . S e ot ot S e P o e i e B S

Ualt1abBLE STANDARD
s 8 A HE HINIMUM  MAXIHUM MEAN DEVIATIUN  SKEWNELS KURTOSIS
1 ATHYH 1,0000 2.0000 1.4011 C.S000 G.08 1,00
» EHDND 1.0000 7.0000 2.7040 1.4047 0.04 1.93
3 HMEso 1.0000 7.0000 4.7771 1.54%07 -0.27 219
4 ELTL 1.0600 &.0000 J.8383 1412¥% 0.16 2.0
STATUS CODE FREQUENEIES
FERCENT
TOTAL DbEAD LOST 1 LO0ST < CENLOREL
7o7 i sz g3 0.5854
1raat 4  EMUF2L HYFOTHESIS 3-B
INBEVENDENT VARLIABLES
1 ATHIN 2 ENLOD 3 MLSD 4 ECTD
LG LIKELIHOOD = -1744.5437
GLOBAL CHI-SHEUARE = 24.47 IF.= 4 F-VALUE =0.0001
STANDARD
Vak]lALLE COEFFICIENT ERROR COEFF./S.L. EXF(COEFF .}
1 ATHYH ~0.1233 0.1154 -1.06805 0.8840
2 LRDID Q.,0098 0.0831 0.1181 1.0099
3 MESO ~0.,1751 0.0927 ~1.8887 0.8393
«+ ECTD ~-0.268467 0.074¢ -3.84.4 0,7507
»x¥ EFTECTS TESTCD X%»
1 ATHYH
STATISTIC CHI-SUUARE L.F. P-vALUE
waLl 1.14 1 0.2B53

1FADL ]

BHLF2L HYPOTHESIS 3-E
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ACsCIETIVE STATESTINS FOR FIXED

NOVARIATES

AT i e § R A U B e

Vinh 1Akl

. STANDARD
qlte N o0 F MIRIMIN  HAXTHUN MEAN DEVIATION SREWNESS KJETOSIS
3 onlHYH 1.0200 2.0000 1.4811 0.5000 0.08 1.00

STalus CODE FREQUENCIES

FERCENT
TUtAL LEAL LOST 1 LOST 2 CENSORELD
787 31y 3u? K454 0,554
LitadL 4  BHUF2L HTPOITHESIS 3-b

THUEIENLENT VARTABLES
I ATHYHN

LOG LIFELIHOON

-1755.2924
HL.OBAL GHI-SMUARE

1.72 DF.= 1 P-VALUE =0.18%4

nn

STANDARL
VailvlARLE COEFFICTENT ERRUR COEFF./49.E. EXFLEOEFF )

——

————— v s ——

1 -0.1487 0.1134 -1.3113 0.8810
1FAGE %  BMDF2L HYFOTHESIS 3-B
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RETWED N 3 1540.86 S13. 40 70300 « GO0
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TOTaL 764 SLsBY. (RANLIOM EFFECTS STATISTICS)

ETA= 1443 ETA~SUF= 0277 (VAR COn= 3.1220 ZVAR AHONG= 4.21)

SOMAT N MEAN VaRIANCE ST DEV
ENDO 121 72,331 70,023 B.3480
HLS0 ABZ 74,307 &5 PET B.3s%0
ECTD L1 70L.21 E£1.0561 ?.0029
EALANC 102 7L.BET 70.773 8.4127
GRANI 767 75.5306 2.701 6.5345
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STHATA DIFF E-5T10T S51GNIT LEV=.2500
EMDO
HEED -3.9717 21,508 000 2,3754
ECTO =2,900% S.0779 0245 3,.7042
HALANC -3.,5300 G709y J001% 23,1724
HESD
ECTD LFR0P0 74RO «3G70 33,2071
RaL&NC 435053 225000 AN T B
ECTU
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SOMAT

ENTD
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Ge 14 C=L281
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DOME=GLLPETRES LV S WP

CAGLS=aTH. LTEIY &

VART&NCE OF 72.LIFETAGE Hs 290 OUT OF 2340
LF SUM OF SOFEYS  kRLAN Sukl F-STATILTIC Z1GWIF
3 1044.0 348. 00 S.3703 L0012
274 25007, G4 TA
L 26501, (RARDOA ETFECTS STATISTICS?
ET#-50R= 0393 (VAR COMF= 4.390% ZUAKR AMDHGSs 6.20)
N HEAN VARIANCE &TI+ DEV
898 71.621 °9.400 ‘7.7204
275 74,000 &5, 849 C.1te0
20 76.8%50 47.618 4.2101
At 74.5%4 71,8642 B.ALE2
398 FL.HLD £.,17H0

&6.BEO

HULTIFLE COMPERTEON

IIFF F-STH] STENIT
-4, 433% 14.54% L0002
-0.22%3 & 21T PEAE AT
~4.9345 9.5320 0020
-. 79545 10222 -1 Onard
-«90101 « 14974 6T

« 27444 +18542 -1 8720
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ETA= .1
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eV al

S RTTA

DR LAY CLE=0T

ar VaArARLE OF T2.0T LT anT
Ir BUN CGI' SQR:
3 700,31
360 2BL24.
348 29136,
0 ETA-S0Kk= Q240
N MEAH ° VARTANCE
€3 2.984 7%.822
208 74&.630 " Y5.587
41 74.541 07.102
87 7%.31¢ __70.649
349 75,575 79.174
MULTIFLE COMrARISON
DIFE F-OTAT £
=344AT7 B8.2473
-1.05740 7926468
-:’-331? 200853
2.0588 1.8014
1.2140 JF9154
~+ 705401 «17440

PR BN I SLNL

TE e

b At NUT OF 2s8%

tEEY BLP P-ETATISTIC SILKNIF

225.47
77.507
(RANDOM EFFECTE

2.9%64 L0308

STATIETICE)

(VAR COMF= 2.0497 XVAR AHONG= 2.56)

§TDh DEV

8.9323
B.6%41
?.BL41
B.4052

£.8980

SCHEFT'E &LLOWAHCES

IGHIF LFV=.9500

+00432
3739

3.5450
4,97242
4.5316

+1710
«3200

4.2357

J3.Pp2

6760 S5.0744
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