~%\
Ml
‘_3‘, : }&‘




LI RY

lﬂiChﬁgan State
University

This is to certify that the

thesis entitled

THE EFFECTS OF ACTIVITY PATTERNS ON LONGEVITY
OF ATHLETES AND NON-ATHLETES

presented by

Kenneth E11is Stephens

has been accepted towards fulfillment
of the requirements for

Master of Arts degree in Department of

Health, Physical Education, and
Recreation

///ﬂ (LAY é[ﬂ »ﬂé

/ Major professor

Date_10-30-78

0-7639



THE EFFECTS OF ACTIVITY PATTERNS ON LONGEVITY
OF ATHLETES AND NON-ATHLETES

By
Kenneth E11is Stephens

A THESIS

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

MASTER OF ARTS

Department of Health, Physical Education,
and Recreation

1978



ABSTRACT

THE EFFECTS OF ACTIVITY PATTERNS ON LONGEVITY
OF ATHLETES AND NON-ATHLETES

By
Kenneth E11is Stephens

The purpose of this investigation was to examine the relationship
between longevity and activity patterns, as reported in 1960, of
athletes and non-athletes who had attended Michigan State University
prior to 1938. Groups selected for comparison included, by birth
decade, living athletes, deceased athletes, 1iving non-athletes and
deceased non-athletes. Vocational activity, avocational activity and
combined activity ratings were analyzed. A loglinear model was used to
examine the relationship between athletes and non-athletes, while
Chi-square tests were used in subsequent analyses.

No difference between athletes and non-athletes was noted in terms
of percent decreased, birth decade and total activity level. Likewise,
no effect on total activity of impending death was noted in the popula-
tion examined between 1960 and 1976. It was noted that both avocation-
ally and vocationally, those most active in 1960 appeared to have a

smaller percentage deceased between 1960 and 1976.
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CHAPTER 1

THE PROELEM

Investigations reporting the effects of activity on longevity
have been diverse in their findings. Early experimentation led to the
conclusion that college athletes, when compared to the general popula-
tion, were provided with a slight advantage in terms of lifespan (1,5,
6,9,10,14,18,22,41,42,46,50,51). Further studies compared university
athletes with a more comparable group, other college students enrolled
at the same time in the same school. Results indicated that all college
students were longer-lived than the normal populace (21). In addition,
it was found that other college students, particularly honor students,
seem to have lived longer than cohorts who were athletes (19,22,28,29,
37,38,44). A final group of papers attempted to assess later life
(post-college) activity patterns and evaluate their relationship with
mortality. These studies focused primarily on occupational activity
levels and concluded that activity did indeed provide some measure of
protection against death (2,15,16,34,39,45,49).

Research pertaining to avocational and vocational participation
patterns throughout both college and in later 1ife was scant and non-
conclusive. The effects of habitual activity patterns on mortality and

longevity were also non-conclusive.



Statement of the Problem

The purpose of this investigation was to examine the effects of
activity on the longevity of former athletes and non-athletes who had
attended Michigan State University prior to 1938. Specifically, subject
activity was measured using responses given to the first follow-up

questionnaire of the 1952 study entitled Longevity and Morbidity of

College Athletes. Three activity ratings were utilized which included

vocational activity, avocational activity, and combined activity.
Groups selected for comparison under these parameters were living
athletes, deceased athletes, 1iving non-athletes, and deceased non-
athletes.

The current study sought to provide insight into the following

questions:

1. Who was more active in 1960, 22 years after the youngest
subject's graduation, athletes or non-athletes?

2. Did activity level as reported in 1960 decrease significantly
prior to death (excluding war and catastrophic deaths) and if
so, how lona prior to death was a decrease in one's activity
apparent?

3. How was mortality affected by various types (vocational, avoca-
tional or combined) and intensities (sedentary, 1ight, medium,

and heavy) of activity?



Significance of the Study

Information concerning the relationship of physical activity to
length of life should be provided by the present study. Although one
animal study (43) has demonstrated increased longevity as a result of
regular physical activity, this has not been observed conclusively in
man. Resulting from this study will be information concerning the
relative physical activity of former athletes and non-athletes in their

later years and this relationship to mortality.

Limitations

1. The study was limited by use of a mailed series of question-
naires (1952, 1960, 1968, and 1976). The numbers of non-
respondents, especially large in the original 1952 study, was
a source of possibly biased information.

2. Use of a population of male students in attendance at Michigan
State University prior to 1938 and largely of a rural origin
may have influenced the data and its applicability to predic-
tions for current longevity.

3. The study considered only those respondents alive in 1960 who
either were proven deceased or responded to the 1976 question-
naire.

4. The study was additionally limited to the examination of
selected, subjectively-rated variables.

5. The study examined activity as reported in the 1960 question-

naire response only.



6. Any deaths attributed to war or catastrophic causes were
omitted.
7. A case for causation cannot be made on the basis of the data

at hand (a non-causal relationship currently exists).



CHAPTER II

REVIEW OF RELATED LITERATURE

Introduction

‘Many diverse commentaries have been presented on the values of
physical activity as a means for preserving or enhancing health, and
consequently life. Galen was of the opinion in the second century A.D.
that "while athletes are exercising their profession, their body
remains in a dangerous condition, but when they give up their profession
they fall into a condition more parlous still; as a fact, some die
shortly afterwards; others live for some little time, but do not arrive
at old age. . . ." (9). Hippocrates concurred stating that "the truth
is, however, that no one is in a more risky state than they. . . ."(48).
While such pronouncements bore great weight, ancient converse statements

such as that by Timaeus in the Dialogues of Plato which indicated his

belief that the body "by moderate exercise reduces to order according to
their affinities the particles and affections which are wandering
about . . ." (7) have clouded the issue throughout history, and indeed,
until much more recent times.

More current investigations have sought to resolve this issue and
in some instances have expanded the study beyond the athlete-non-
athlete comparisons to examine the role of activity in terms of health

and 1ife promotion. Consequently, the current review of literature
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focused on three main types of studies conducted within the last one

hundred and twenty-five years.

Non-cohort Athlete Studies

The initial studies were conducted along actuarial lines by com-
paring the general population with select groups of athletes. The first
such investigation was initiated in 1873 on 251 men who had rowed in the
Oxford-Cambridge Boat Races between 1829 and 1859 (9). In this study
Morgan concluded that, taking all the oarsmen together, each individual
was "likely to survive the race on an average of some forty-two instead

of forty years" as predicted by Dr. Farr's English Life Tables.

A confirming study by Meylan conducted in 1904 (18) on 152 Harvard
University crew members found athletes favored by 2.88 years (5.09 years
with allowance for Civil War deaths) over mortality table values.

A subsequent study by Gaines and Hunter in 1906 (12) found that
Yale athletes graduated prior to 1905 experienced deaths only 49% of
those predicted by insurance tables. Additionally, it was shown other
graduates had a 70% mortality ratio when compared with an insured
population.

Anderson in 1916 (1) compared 808 Yale track, football, baseball,
and crew athletes with two insurance populations. As indicated in
Table 2.1, the athletes were again favored with an apparent increased
longevity.

The 1927 study by Hill (10) on British cricket players drawn from

Wisden's Cricketers Almanac again illustrated a superior longevity for

athletes at every age.



Table 2.1. Comparison of Actual to Expected Deaths Among Yale Univer-
sity Athletes (From Anderson, 1916)

Per Cent of Per Cent of

Number Actual to Actual to

of Number Expected Deaths Expected Deaths Year of

Letter of Actuarial American Earliest

Winners Deaths Society Table Table Data
Track 276 13 62 52 1868
Football 213 16 58 52 1872
Baseball 148 1 47 ’ 42 1865
Crew 171 18 45 41 1855
Total 803 58 52 46 -——--

Dublin's initial research in 1928 (6) was confined to pre-1905
graduates of ten Eastern American universities and numbered 4,976 letter
winners in six sports or sport categories. Comparisons made with the

Medico-Actuarial Table and the American Men Table of Mortality found

that taking all athletes together the actual deaths represented,
respectively, 93.2% and 91.5% of the table values. Dublin was careful

to point out the limitations involved in use of actuarial tables, and
did express some concern that while his athletes presented a favorable
mortality ratio it might have been still better, considering that the
college men selected represented "the cream of the cream of American man-
hood". Dublin also reported mortality ratios for the data when broken

down into sports, age, and colleges (see Tables 2.2, 2.3, and 2.4).



Table 2.2. Percent Actual of Expected Deaths According to American Men
Table (From Dublin, 1928)
AN Classes
Classes Prior Classes Classes Classes
Sports Combined to 1880 1880-1889 1890-1899 1900-1905

A1l sports combined 91.5 94.1 94.6 93.6 72.6
Baseball 98.0 98.6 97.4 103.1 81.4
Crew 94 .1 92.2 72.1 124.0 113.4
Football 88.3 87.6 94.7 91.6 63.4
Track 91.8 cees 121.7 86.6 73.0
Two or more sports 78.3 85.8 80.8 81.0 62.9

Table 2.3. Mortality by Birth Decade of Athletes of Ten Colleges
Compared with Expected Deaths by American Men Table (From

Dublin, 1928)

Expected Per Cent
Actual Deaths by Actual of

Class Group Deaths American Men Table Expected Deaths
A1l classes 1,202 1,314 91.5
Prior to 1880 454 483 94.1
1880-1889 322 340 94.6
1890-1899 310 331 93.6
1900-1905 116 160 72.6




Table 2.4. Mortality of Athletes of Ten Colleges, Compared with the
Expected Mortality According to the American Men Ultimate
Table. Specified Class Groups Experience on Classes 1905
and Prior (From Dublin, 1928)

All Classes
Classes Prior to Classes Classes Classes
College Combined 1880 1880-1889 1890-1899 1900-1905
A1l colleges
combined 91.5 94 .1 94.6 93.6 72.6
Amherst 74.7 91.1 62.9 73.6 56.2
Brown 74 .1 80.4 99.5 59.8 51.7
Cornell 94.6 99.5 104 .1 97.9 70.0
Dartmouth 113.4 112.4 113.8 127.1 80.9
Harvard 100.1 107.5 99.2 94 .9 85.0
Massachusetts
Agricultural 84.4 98.6 94.0 *
Tulane 94.2 cen cee 75.7 120.3
Wesleyan 85.3 93.4 84.2 73.6 61.2
Williams 79.5 een ceen 61.9 101.1
Yale 89.2 82.0 93.7 108.6 71.1

*Rate not significant
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Another investigation by Reed and Love (42) contrasted Army
officers with the actuarial populations, and also West Point athletes
with other West Point officers. His 1931 investigation showed favorable
Tongevity for officers over the general populace and also for athletes
over other officers.

Two 1930's investigations focused on oarsmen again. Cooper et al.
(5) in 1937 found that of the 100 Ormand College rowers 24 had died as
compared to an expected 31.8. His comparison was the average Australian
insurance holder. The second oarsmen investigation, a 1939 study by
Hartley and Llewellyn (9), used Oxford-Cambridge boat race veterans of
the 1829 to 1928 era. As with Cooper's work, however, the numbers were
relatively small (767). Hartley and Llewellyn compared the study groups,
after they had divided it into four groups based on age, with standard
mortality tables. As can be seen in Table 2.5, when compared with
assured 1ives of their own generation, college oarsmen seemed favored in
terms of longevity. They also pointed out two factors of significance;
specifically, that this superiority tended to diminish in late years and
also that when compared to the more current 1924-29 standard table the
comparison proved less favorable than in up to age 50 comparisons in
the first three periods.

In a study which deviated from the preceding investigations in
that high school athletes were compared with the United States Census
Bureau standard mortality ratios rather than college athletes, Wakefield
(50) found that there were 123 actual deaths as opposed to an expected
181.1. Additionally, this 1944 examination found longevity was more

favorable in young players (14, 15, and 16 year olds' ratio was 54.2%



N

Table 2.5. Actual versus Expected Deaths by Selected Age Groups
(From Hartley and Llewellyn, 1939)

Expected Deaths Actual as
by Percentage of
Age Group Actual Deaths Standard Table Expected

Period 1.--1829-62. Standard Mortality Table HM

Up to 50 .. .. 22 25.2 87.3
51 to 70 .. .. 1 1.0 100.0
Over 70 .. .. -- -- --
A1l ages .o 23 26.2 87.8
Period 2.--1863-93. Standard Mortality Table OM
Up to 50 .. .. 53 62.1 85.3
51 to 70 .. .. 39 59.8 65.2
Over 70 .. .. 18 21.6 83.3
A1l ages - 110 143.5 76.7
Period 3.--1894-1923. Standard Mortality Table Mean of OM
and A 1924-9
Up to 50 .. . 32* 40.7 78.6
51 to 70 .. .. 85 98.0 86.7
Over 70 .. .. 108 125.8 85.9
A1l ages .. 225 264.5 85.1
Period 4.--1924-8. Standard Mortality Table A 1924-9
Up to 50 .. .. 3 3.4 88.2
51 to 70 .. .. 13 13.2 98.5
Over 70 .. .. 20 21.9 91.3
A11 ages .. 36 38.5 93.5

*Excluding 37 Great War deaths.
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versus 17, 18, and 19 year olds' ratio of 78.9%) and that the ratio for
boys playing in three games in one day was 69.4%. It is also noteworthy
here that the group ratio was 67.9%.

Montoye et al. (22) have cited a report on 400 deceased athletes
in Czechoslovakia with at least ten years of sports competition con-
ducted by Schmid in 1952. With war deaths omitted, the mean age for
various sports was reported along with a comparison of athletes and
non-athletes from the general population (see Table 2.6). Again the

athletes seemed to have been favored.

Table 2.6. Longevity of Athletes and Non-athletes (From Schmid, 1952)

Mean Age of Mean Age of
Non-athletes Athletes
Year of Birth (Years) (Years)
1861-1870 58.24 66.90
1871-1880 60.28 61.72

Pomeroy and White in 1958 (39) attempted to contrast the longevity
of Harvard football players with that of the general Massachusetts popu-
lation and other Harvard graduates who had not played football but found
"adequate data for any such statistical comparison were lacking". They
did examine lifelong habits of exercise in a coronary group, both
decreased and 1iving, and a group living without coronary disease.

It was concluded that "men in the coronary heart disease group engaged

in less vigorous exercise than did those without heart disease".
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While Karvonen's 1959 paper (14) focused on training of the cardio-
vascular system, he did examine the length of 1life of sportsmen involved
with their sport over a prolonged period. It was concluded in his study
of 388 pre-1930 champion skiers, many of whom still skied, that
“training does not shorten 1ife but may even prolong it". The compari-
sons with the general population were certainly in the athletes' favor,
while a similar comparison with a select insured population showed
little in the way of difference.

In a continuation of Karvonen's emphasis on cardiovascular studies
in former endurance athletes, Pyorala et al. (41) found 93 men aged 40
or more of which 40 had been long distance runners and 53 skiers.

A control group selected from a similar social class was compared over
numerous variables, one of which was physical activity. It was found
that “irrespective of age and absence or presence of cardiovascular
disease, the average degree of physical activity was higher in the
athletes than in control subjects". Age at death or mortality ratios
were not presented, consequently no athlete-population comparisons were
made.

Conversely, a Danish study by Schnohr in 1971 (47) on 297 male
athlete champions born between 1880 and 1910 sought to examine differ-
ences in mortality when compared with the general male population. Up
to age 50 a mortality ratio of 61% in favor of the athletes was signifi-
cant. For the age periods 50 to 64 years and 65 to 80 years the ratios
were 108% and 102% respectively. Schnohr, in a closing comment, stated
neither former athletic champions nor less successful athletes studied

continued vigorous exercise after years of competition.
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The final non-cohort athlete study was conducted in 1975 by the
Metropolitan Life Insurance Company (51) on major league baseball
players and used the white male population of the United States as a
comparison base. Mortality ratios for all players indicated that those
playing in the 1876-1900 period had a mortality ratio of 103%--whereas
the ratio was 71% in the 1901-1973 period. Additional information was
provided concerning mortality by position and batting average (see

Table 2.7).

Table 2.7. Mortality of Major League Baseball Players Compared with
White Males in United States Population (From Metropolitan
Life Statistical Bulletin, 1975§

Players Who Had Careers Beginning

1876-1900 1901-1973
Mortality Mortality
Deaths Ratio* Deaths Ratio*
Batting Average
.300 or more ........ 77 88% 102 7%
.250-.299 ........... 356 99 547 74
.200-.249 ........... 364 107 558 65
less than .200 ...... 263 109 588 75
All i, 1,060 103 1,795 71
Position Played
Pitcher ............. 242 105% 594 79%
Catcher ............. 118 108 184 69
First Base .......... 72 100 96 79
Second Base ......... 65 105 104 68
Third Base .......... 69 103 88 55
Shortstop ........... 58 90 94 67
Qutfield ............ 221 95 342 72

Source of basic data: The Baseball Encyclopedia, 2d ed. New York,
Macmillan Publishing Co., Inc., 1974.
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Table 2.8 is a summarization of the non-cohort athlete studies to
date. In general it can be seen that athletes had apparently secured
some benefits from their participation as they lived at least as long
or longer than the general population. Prior to accepting this conclu-
sion one should be forewarned of the problems inherent in these types
of investigations. As previously pointed out, many of these studies
had either too small an initial number or too few of their numbers were
deceased to make significant predictions. In addition, many of the
mortality tables selected for a comparison provided the investigators
with an inherent source of bias. Actuarial tables provided a contrast
group of select individuals, those who generally were capable, both
physically and financially, of securing 1ife insurance. General popula-
tion tables reflect both the healthy and the unhealthy in the population,
and thus may have tended to accentuate the differences between groups.
Use of either table may have provided additional bias in that the com-
parison is made between mortality ratio on a single year's table and
actual athletes, whose life spans many years, consequently many tables.

The very use of college athletes, especially those selected in the
early portion of the century and before, could be considered an influ-
ence on the results. Dublin perhaps summarized it best when he stated
that "the college man was a picked man; his home represented an economic
standard far above average; he was usually of American parentage, a race
stock with an excellent rate of longevity; his occupation after leaving
college was usually one in which he was not subjected to the hazards

involved in so many pursuits". It was his belief that as a result it
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was to be "expected that the athletes would show a lower mortality than
the usual mortality tables" (6).

Efforts to eleviate some of this bias and present a clearer
insight into the role that athletic participation plays in one's longev-
ity produced a more complete and accurate compilation of data in a new

series of studies.

Cohort Athlete Studies

The succeeding studies used non-athletic cohorts as a control to
compare peer groups. In this manner, athletes and non-athletes drawn
from the same population at the same time could be compared across a
wide variety of variables of which age at death or some such measure of
mortality was one.

This format was used by numerous investigators including Greenway
and Hiscock in 1926 (22). Their study of Yale graduates and lettermen
is represented in Table 2.9. While consideration must be given to the
small numbers involved, the data indicated, as pointed out by Montoye
et al. (22), "that the superior longevity of college athletes may very
well be due to the fact that these men were members of a select group,
namely college graduates. . . ."

Dublin in 1932 (22,28) attempted to resolve the criticism levelled
at his earlier work by comparing the longevity of the same 4,976 letter
winners with that of 38,269 graduates of eight eastern American colleges.
Of these graduates, 6,500 were honor students and two-thirds were

selected from Harvard, Yale and Cornell. The data (see Table 2.10)
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Table 2.9. Deaths Among Yale Graduates as Compared with Expected
Deaths of American Men Ultimate Table, 1905-1923
(From Greenway and Hiscock, 1926)

Expected Deaths Ratio of Actual

American Men to Expected Deaths
Groups Deaths* Ultimate Table (Per Cent)
Non "Y" Men 317 381 83
"Y" Men : 27 29 93
A11 Graduates 344 410 84

*Excluding deaths due to war injuries.

Table 2.10. A Comparison of Expectation of Life in Years (From Dublin,

1932)
General College College College American Men
Graduates Athletes Honor Men Table
Age (38,269) (4,976) (6,500) (1900-1915)

22 45.71 45.56 47.73 44.29
27 41.68 41.4] 43.61 40.18
32 37.59 37.25 39.48 36.03
37 33.51 33.09 35.30 31.83
42 29.44 28.92 31.07 27.66
47 25.37 24.80 26.85 23.62
52 21.43 20.85 22.79 19.79
57 17.78 17.34 19.03 16.25
62 14.48 14.09 15.56 13.06
67 11.47 11.06 12.36 10.28
72 8.81 8.41 9.50 7.91
77 6.52 6.15 7.06 5.96
82 4.56 4.24 4,98 4.41
87 3.01 2.77 3.30 3.21
92 1.92 1.75 2.1 2.30
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revealed that honors graduates seemed to have a slightly greater longev-
ity at every age (approximately two years). Also it was shown athletes
had a 1ife expectancy which closely paralleled that of other college
graduates.

Another group of honors graduates, athletes and a random sample
of students from the 1860-1900 Cambridge University classes was the
subject of Rook's 1954 examination (44). Survival rates, presented in
Table 2.11, along with average age-at-death figures indicated that the
374 honors students generally were longer lived by a period averaging
1.5 years. This difference was not significantly different from those
values registered by the 379 randomly selected students or the 772
athletes. Rook's data also indicated the more heavily built man had
somewhat of a disadvantage when considering the prospects of longevity.

In the first of a series of studies conducted by Dr. Henry Montoye
(22) on Michigan State University athletes and non-athletes, he found
only 122 deaths. In this initial study age-at-death examination pro-
duced no significant differences between groups. Montoye and colleagues
also examined vocational and avocational activities in an effort to
determine if regular exercise throughout 1ife had an effect on longevity.
It was found that beyond the age of 45 non-athletes were significantly
more active in sports. This situation was reversed prior to age 45.
Participation in non-sports activities yielded additional significant
differences, with non-athletes indicating a greater participation at
practically every age period. These results may be somewhat clouded

owing to the poor initial returns from questionnaire mailings.
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Table 2.11. Survival Rates of Sportsmen and Controls Excluding Deaths
Due to War and Accidents (From Rook, 1954)

No. of Survisors at Each Age

Age Sportsmen Intellectuals Random Group
20 1,000 1,000 1,000
25 996 987 985
30 982 962 964
35 963 948 949
40 934 937 913
45 898 910 889
50 870 888 867
55 825 841 837
60 763 791 754
65 673 738 634
70 523 597 532
75 377 434 364
80 186 231 193
85 82 92 82
90 23 26 23
No. in group - 723 362 325
Average age at death 67.97 69.41 67.43

Variance of estimate
of average age at
death .o .. 0.29 0.61 0.74




22

Seven year follow-up data presented in 1962 (21) verified the
original findings on longevity. Montoye summarized "that there were no
appreciable differences between athletes and non-athletes in longevity
or cause of death, excluding violent deaths. Both athletes and their
controls from the university sample 1ived longer than the general
insurance risks. . . ."

Montoye in 1967 (19) presented an updated paper on the status of
his groups. In it he studied the original and follow-up groups of
deceased subjects. He reported the mean age at death for athletes was
62 years and that for non-athletes it was 64 years (a nonsignificant
difference). In discussing the effects of exercise continuance in the
seven year period between studies, it was noted that "the amount of
physical activity was significantly greater among subjects who survived
seven years".

Paffenbarger et al. (31) reported on factors which may have been
precursors of coronary heart disease in a study which utilized over
45,000 college students from the University of Pennsylvania and Harvard
University between 1921 and 1950. One factor considered was varsity
athletics. It was reported that an inverse relationship existed between
varsity athletics and coronary heart disease, both in terms of subjects
with specified coronary heart disease factors and in terms of mortality
from coronary heart disease. The estimated mortality ratio at all ages
was 60%.

His second report discussed characteristics predisposing to stroke

(32). 1t contrasted 171 stroke victims with 684 of their classmates and
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revealed seven precursors of fatal stroke, one of which was non-
participation in sports. The estimated mortality ratio of 0.4 reflects
this indirect relationship between death from stroke and participation
in varsity athletics.

One of the more recent studies was completed by Polednak and Damon
in 1970 (38). The longevity of 2,090 men, alive and dead, from the
classes between 1880 and 1916 at Harvard was examined in the same manner
as Rook. Data were presented (see Table 2.12) which indicated that
minor athletes emerged as the longest-lived group, while major athletes
and non-athletes failed to differ. In considering age at death (see
Table 2.13) the only consistent finding was that major athletes were the
shortest lived in each birth decade. An attempt was made by the authors

to explain this trend based on a discussion of somatotype.

Table 2.12. Harvard Athletes, Alive or Dead of Natural Causes; Per-
centage of Men Reaching Ages 70 and 75, by Birth Decade
(From Polednak and Damon, 1970)

Reaching Age 70 Reaching Age 75
Birth Decade 1860-69 18?0-39 1880-89 TEEU:BQ“TEgut99“1ggﬁrgg
N % N % N %* N % N %* N %*

Major athletes 26 46.4 52 59.7 14 60.9 21 37.5 42 48.3 12 52.2
Minor athletes 29 58.0 86 63.2 5576.4 21 42.0 72 52.9 48 66.7
Non-athletes 239 57.2 444 60.7 255 62.9 186 44.5 333 45.5 201 49.6

For significance of differences, see text.

*Per cent of men in each athletic category in each birth decade who
reached the specified age. Thus, of 56 major athletes alive or dead of
ngtural causes in the birth decade 1860-69, 26, or 46.4%, reached age
70.
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Table 2.13. Harvard Athletes: Mean Age at Death for Men Dead of
Natural Causes (From Polednak and Damon, 1970)

Age at death 1860-69 1870-79 1880-89
(yrs.) N Mean S.D. N Mean S.D. N Mean S.D.

Major athletes 55 67.3 16.8 84 69.8 15.9 16 66.2 14.2
Minor athletes 49 67.9 18.0 119 70.8 14.7 43 67.2 16.8
Non-athletes 416 69.3 17.4 699 70.1 15.0 308 67.7 12.5

Note: Percentage of deaths among original cohort in each birth decade:
1860-69, 99.3%; 1870-79, 94.6%; 1880-89, 75.7%.
Differences among athletic categories within each birth decade
are not significant.

Polednak expanded his study to include a total of 6,303 Harvard
students born between the years 1860 and 1889 (35,37). His data were
again divided into birth decades to minimize time trends and as in his
earlier paper the most significant finding was the reduced longevity of
major athletes relative to their classmates. The differences were small,
usually between one and three years in mean age at death, with major
athletes the shortest lived in each birth decade. It was anticipated
that "since slightly larger percentages of minor athletes are still
alive in the two most recent birth decades . . . eventually the minor
athletes will improve their longevity in relation to the other two
groups".

Ratings for both avocational and vocational activity throughout
life were derived from the 1960 follow-up of Montoye's study and pre-
sented by Olson (28). In general, those alive in 1968 were found to

have been more active in 1960 than those deceased between 1960 and 1968.
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This was irrespective of the athlete-non-athlete categorization.
College athletes and non-athletes failed to vary in terms of vocational
and combined activity ratings. The avocational ratings indicated the
former athletes were significantly more active than the non-athletes.
Age-at-death comparisons favored non-athletes (see Table 2.14), however

differences here were not significant.

Table 2.14. Mean Age at Death of Athletes and Non-athletes (From Olson,

1972)
1952-1960 1960-1968 Total 1952-1968
Mean Mean Mean
Subjects N Age at Death N Age at Death N Age at Death
Athletes 46 67.32 62 72.29 108 70.17
Non-athletes 30 69.81 57 72.46 87 71.57

Both Harvard and Yale crews, numbering 172, were compared with
randomly selected, matched classmates from the years 1882 to 1902.
Prout (40) found a highly significant age-at-death advantage in favor of
the athletes, the difference being 6.35 years at Yale and 6.24 years at
Harvard (see Table 2.15). In view of the preceding studies these
results were somewhat of a surprise and unexplained apart from the small

numbers involved.
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Table 2.15. Comparison of Average Life Span of Crew Members and Con-
trols at Harvard and Yale (From Prout, 1972)

No. of Average
Group Subjects Life Span t-test P

Harvard crew 90 67.79 2.4 <.05
Harvard controls 90 61.54
Yale crew 82 67.91 2.37 <.05
Yale controls 82 61.56
Combined crew 172 67.85 3.39 <.0
Combined controls 172 61.55

A final paper in the cohort athlete series was presented by Olson
et al. in 1978 (29). The average age at death for the 275 deceased
athletes was 68.13 years, as opposed to 70.17 years for the 227 deceased
non-athletes. At the time of the study roughly 40% of all subjects had
died.

While cohort athlete studies provided a unique and superior
approach to the study of the effects of activity on longevity, several
points should be considered before conclusive statements are made. As
in the non-cohort investigations, many of these peer group studies used
either relatively small numbers in formulating conclusions (22,28,39,32,
38,40) or, in some cases, the number of actual dead proved to be few
(19,21,22,28,29,31,32). An additional criticism might be levelled at
the peer group selection procedures. As Polednak points out in his
study (37,38), the subjects still formulate a select group. His group

were chosen from those who had applied for gymnasium lockers at Harvard
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and hence were interested, to some degree at least, in athletics.
Likewise, other studies did not investigate the activity patterns
experienced by their cohorts while in school (22,28,31,32,40,44).

In either case, college students still provide a select group with
apparent and distinct advantages over the general populace in terms of
longevity (22,28).

Despite these criticisms, several interesting conclusions were
indicated. In almost all the papers, summarized in Table 2.16, the
distinct advantage registered by the athletes in the non-cohort studies
was not present [the exceptions being Prout's study (40) and also that
of Paffenbarger et al. (31,32)]. It appeared that minor athletes or
honors students had some advantage, though not significant, over major
athletes. Second, the hypothesis that college groups were longer
lived, as indicated by mortality tables, was borne out thus inhibiting
the extrapolation of findings to cover trends in the general population.

Examination of data from both sets of studies indicated that while
athletics in college may have had no significant positive effect on
longevity, they certainly had no detrimental effect, as no investigation
showed a significantly greater longevity for the non-athlete controls
used. It is important to note, however, that these data apply only to
athletics while in college. Apart from the studies based on Montoye's
original group, no investigator undertook to measure later activity,
either vocational or avocational. Hence, the effects of later life or
habitual activity may be the determining factor in the analysis of the

longevity-activity relationship.
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Habitual Studies

In an effort to better appreciate the role which activity plays
in longevity and mortality investigators focused on examination of
habitual activity patterns. These studies concentrated primarily on
vocational activity and drew their samples from the ranks of the general
public in most cases.

Pearl (34) initiated the study of habitual activity when he
examined some 132 occupations over the course of three years. His data,

summarized in Current Opinion, showed it was "very difficult to kill a

man by physical hard work before he is 40, occupational and industrial
hazards excluded. But after the age of forty is passed our results tell
an entirely different story. From 35 to 44 inclusive, the death rate in
heavy occupations is 3.9% greater than that for the light occupations

. . from 45 through 54 it rises to 12.8% greater . . . from 55 through
64 to 18.6%". The main pratfall in Pearl's work may have been in his
groups of 'heavy' and 'light' occupations. Examination of his heavy
grouping showed many occupations currently found to be abnormally associ-
ated with environmentally caused disease states, such as iron and steel
workers or miners.

Pearl's 1924 investigation was followed almost 30 years later by
the first of a series of studies by Morris and colleagues (23,24,25,26).
His paper entitled "Morbidity in Relation to the Physical Activity of
Work" examined 1930 to 1932 data with special emphasis on deaths in
middle age (26). While mortality from all causes combined showed little

difference between 1ight and heavy workers (see Table 2.17), seven
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Table 2.17. Mortality Rates for Men Aged 45-64 Years from A1l Causes
(From Morris and Heady, 1953)

Intermediate
Age Heavy Workers and Doubtful Light Workers

45-54 10,208 12,561 11,150
55-64 21,042 25,782 23,757

conditions were isolated in which there was greater mortality among
middle-aged men engaged in light jobs. These included coronary heart
disease, lung cancer, appendicitis, prostate disorders, duodenal ulcers,
diabetes, and liver cirrhosis, and were contrasted with the single sig-
nificant condition, accidents, in which heavy workers surpassed light
workers in terms of fatalities.

Focusing on coronary heart disease in London bus drivers and con-
ductors, Morris (25) found that despite similar economic and social
backgrounds, the more active group of conductors had less coronary heart
disease, it appeared later in life, was less severe, and immediate death
occurred less frequently. Conductors did have a higher incidence of
angina pectoris, the more benign form of the disease. In a follow-up
study (27) an attempt was made to classify drivers and conductors in
terms of physique at the onset of work as evidence existed which related
body build to coronary heart disease. Using uniform size as a guide,
drivers were found to have had greater girths when they joined the
service. These findings suggested the possibility that if coronary

heart disease and somatotype were related, a self-selection factor
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accounted for the earlier reported discrepancy between drivers and
conductors rather than activity levels. In both cases, however,
numbers were small and further study was warranted.

Morris also reported on postal workers drawn from a 1949-50 data
collection (25). By dividing the 35-59 year old workers into three
activity categories, it was reported that the experience of the men
resembled that of the transportation workers; that is, the active group
had less coronary heart disease, it was less severe, and the incidence
of angina pectoris was greater. Again the numbers were relatively small.
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