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ABSniACT

Many epidemiologic studies have shown that mortality rates of occupational groups

are usually lower than those of the general population. This favorable health status has been

termed the "healthy worker effect" The primary purpose of this retrospective cohort

mortality study was to examine the magnitude of the healthy worker effect between white and

blue collar populations and to attempt to determine to what extent this phenomenon

effectively continued following retirement

The mortality experience of 4,444 retirees (4,057 white males and 387 white females)

of the Oak Ridge National Laboratory, the Oak Ridge Gaseous Diffusion Plant, and the Y-12

Plant (all located in Oak Ridge, Tennessee) was evaluated for the years 1960 through 1979.

Hiis study emphasized the mortality experience of the salaried and hourly retirees who were

employed at least 10 years and who lived a minimum of 30 days beyond their retirement

dates.

Historical follow-up was conducted for the years 1960 to 1984, and ascertainment of

vital status was achieved for 99.6% of the male cohort and 99.9% of the female cohort.

There were 43,807.78 person-years of observation. Standardized mortality ratios were

computed to contrast the subjects' cause-specific mortality experience with that of a

standardized population within the study cohort and with that of the general U.S. population.

In the total three-plant population there were 1,620 male deaths and 73 female deaths

observed for the all causes category. These deaths comprised 106% and 84%, respectively,

of the total numbers of deaths expected.

Several distinct phases were used to examine various subgroups within the study

cohort The initial phase examined the overall death rate among white salaried males across

the three Oak Ridge facilities by comparing it to the U.S. average. Overall mortality among
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salaried male retirees was found to be essentially as expected for all causes at the Oak Ridge

Gaseous Diffusion Plant (SMR = 1.01) and at the Y-12 Plant (SMR = 1.00). However, the

mortality rate at the Oak Ridge National Laboratory was less than expected (SMR = 0.90).

In the next phase the white collar cohort was combined and compared to a similar

segment of the U.S. population. For the all causes category the mortality experience

remained favorable in this combined white collar group (SMR = 0.97). Death rates from

cause-specific mortality among the white coUar population was also found to be generally

better than that of the U.S. This finding supported the postulation that the healthy worker

effect continues after an individual retires. Socioeconomic status was implicated as a primary

contributor in the good health characteristics found in the salaried male cohort

The next phase of this study examined the overall mortality experience among white

hourly males across the three facilities by comparing it to the general U.S. population.

Overall mortality among blue collar retirees was slightly higher than expected in the Oak

Ridge National Laboratory (SMR = 1.09) and the Y-12 Plant (SMR = 1.06) populations.

The increase in mortality at these two sites was found not to be significant. However, a

statistically significant increase in mortality ffom all causes combined was found in the Oak

Ridge Gaseous Diffusion Plant (SMR = 1.17) hourly male population.

In the next phase the blue collar population was combined and compared to the U.S.

The death rate for all causes in the combined group was found to be significantly elevated.

A signiGcantly elevated mortality rate was found in this population for the all cancers

category. There was no evidence of carryover in the healthy worker effect in the blue collar

cohort. Several causal factors (i.e., socioeconomic status, lifestyle, and occupational hazards)

were identified as major contributors for these findings.
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The last phase of the male investigatioti directly compared the combined white collar

male group to the combined blue collar male group. This comparison showed statistically

signiGcant increases in the mortality rates in the all causes category (SMR = 1.24). Two

cause-speciGc categories-all cancers (SMR = 1.45) and circulatory diseases (SMR = 1.23)-

were found to be significantly elevated in the blue collar population when directly compared

to the white collar population.

Relative to the U.S. white female population, both the combined salaried and

combined hourly female cohort exhibited few^r deaths in many categories of diseases.

Specifically, fewer deaths were recorded in the all causes (salaried SMR = 0.87; hourly SMR

= 0.76), all cancers (salaried SMR = 0.91; hourly SMR = 0.93), and the diseases of the

circulatory system (salaried SMR = 0.70; hourly SMR = 0.61) categories. These results were

indicative of the healthy worker effect, and the low«r-than-expected standard mortality ratios

observed in the female cohort were probably due to the selection of healthy workers at the

first date of hire. The low mortality ratios could also be attributed to neither the hourly nor

the salaried females having socioeconomic dominance over the other (but generally better

than the U.S. average for those groups).

Further evidence of a healthy worker effect was found in the white and blue collar

female population when they were compared to one another. In fact, virtually no differences

in overall death rates were found between white and blue collar females when they were

compared to each other for all causes (SMR = 1.08), all cancers (SMR = 1.11), and diseases

of the circulatory system (SMR = 1.08). Although no evidence was provided to support the

postulation, it is suspected that a common link for the congruence in death rates between the

two female populations may be attributed to their lifestyle similarities during the study period.
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In this study mortality appeared to be highly associated with socioeconomic status.

In other words, multi-factorial variables (i.e., health-related behavior, diet, and potential

exposure to radiation, organic chemicals, metals, or other substances) may have come together

over time, to cause adverse mortality outcome in certain subgroups within the study

population. The persistently high standard mortality ratios observed in the hourly male

retirees suggest that socioeconomic status or related factors had a profound effect on health

status over time. Conversely, the persistently low ratios observed throughout the follow-up

period in the salaried male population and the entire female population suggest that the

healthy worker effect does not diminish in retirement years.

This study also demonstrated that males (both white and blue collar) who retired

before age 62 were at an elevated risk of mortality from all causes. The implication made

relative to this finding is that a large proportion of male retirees may be leaving the workforce

because of health reasons.

The mortality experiences found in this study population underscore the fact that

further follow-up is needed in order to examine the independent and combined effects of

potential work-related exposures and lifestyle behaviors.
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CHAPTER I

INTRODUCTION

It has been well documented that in the United States and in other developed

countries there has been an unprecedented rise in life expectancy. For example, in 1950 the

life expectancy was 62.5 years for white males and 72.2 years for white females (see Table 1).

Ten years later in 1960, the life expectancy had risen to 67.4 years for white males and to 74.1

years for white females. In 1970 life expectancy continued to increase for both white males

(68.0 years) and white females (75.6 years). Also, the U.S. National Center for Health

Statistics in 1970 began to keep "expectation of life at birth* statistics specifically for the black

population; the 1970 figures indicated the life expectancy for black males to be 60.0 years and

for black females 68.3 years. In 1985 the average life expectancy was 71.0 years for white

males and 78.3 years for white females. Conversely, the average life expectancy for black

males was 65.3 years, and for black females it was 73.5 years (Vital Statistics of the United

States, 1988). It appears that these figures will remain fairly constant throughout this decade

and well into the 1990s. It has been estimated that by the year 2050, the average life

expectancy at birth may be as high as 75 years for men and 83 years for women (Crimmins,

1984 and Health-United States, 1988).

There is evidence that suggests the increase in longevity observed in the last few

decades may be attributed, in part, to a decrease in occupational diseases (Rowland, 1977;

Harris, 1981; and McGinnis, 1985). This favorable mortality experience has been termed the

"Healthy Worker Effect (HWE)" and subsequently has been reported by other researchers
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(McMichael, 1976; Monson, 1978; and Cragle, et aL, 1988). There is a growing body of

epidemiologic and demographic literature which suggests that the HWE is readily

demonstrated by the inverse relationship between socioeconomic status and mortality rates.

In general, the higher the income, occupational, and educational levels of a population, the

lower its mortality rate (Mechanic, 1978 and Frome, et al., 1989).

If the HWE is influenced by socioeconomic status, the implication can be made that,

because of differences in job status, all workers are not impacted equally by the HWE. As

a result, the morbidity and mortality rates of occupational subpopulations may not be

necessarily lower than those of a similar subpopulation in the general population. For

example, differences in mortality experience for minorities could be the result of work

disadvantages throughout their lives (Baum, et al., 1987). Minorities traditionaUy have

worked sporadically in low-status jobs and, consequently, have received poor earnings

(Hadley, 1982). Therefore, the overall exj)erience of minorities in the workplace may affect

their mortality as they age.

The U.S. Senate Sp)ecial Committee on Aging (1982) noted that, when compared to

the white aged, most of the minority aged are less weU educated, have less income, suffer

more illness and earlier death, have poorer quality housing and less choice as to where they

live and where they work, and in general, have a less satisfying quality of life. The

Committee's report supports the hypothesb that minority subpopulations in the workforce

may experience less favorable long-term health status. However, in this study minorities were

excluded because they comprised only a small percentage of the total retired fxjpulation.
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Need for the Study

Income, occupation, and ethnicity are examples of socioeconomic factors associated

with the occurrence of disease, whether an investigation focuses on an individual or an

aggregation of individuals (Selvin, Sacks and Merrill, 1980). Illness is, therefore, not an

objective condition, but rather a socio-construction which depends on socio-psychological

structural, cultural, and physical phenomena. One might postulate that illness may be

correlated with the nature of a job performed by a given individual. However, according to

McMichael (1976), the nature of the population exposed in the work setting tends to be

limited and predictable because the HWE appears to exhibit its greatest impact on workers

between the ages 18 to 65. Epidemiological investigations into the HWE and its relationship

to aging are not merely the study of disease conditions in older and retired people, but rather

the analysis of biological and social factors in younger adults as they progress through their

working years.

McMichael (1976) has also suggested that the HWE may not apply equally to various

groups within a given study population. Therefore, allowances must be made for variation

in the HWE among different employee job classifications (i.e., white collar versus blue collar),

different periods of observation, and different causes of death. Additionally, McMichael has

suggested that the HWE declines with age, and beginning at the age of retirement (65 years),

the individual's health status characteristics will increasingly resemble those of the general

population. In fact, McMichael found that the HWE disappears by around age 75.

Conversely, Sterling and Weinkam (1986) have concluded that, in general, the HWE does not

substantially weaken with age in a given population (white or blue collar) and that the HWE

appears to be similar for causes of death that tend to appear early and those that tend to



appear late in life. Length of follow-up appears to be the major contributing factor for

different findings between the two studies.

The existing evidence relative to the persistence of the HWE in post-retirement years

(age 65 and older) is conflicting. Moreover, the differing points of view about the HWE and

its impact on blue versus white collar retired populations persists throughout the literature.

Some studies, for example, imply that death rates in older populations correlate negatively

with the income status of both white and blue collar retirees (Grossman, 1972; Orcutt, et al.,

1977; and Atchley, 1982), while others postulate an insignificant or even positive correlation

among death rates for such retired populations (Kilpatrick, 1963; Antonovsky, 1967; Kitagawa

and Mauser, 1973; Nagi and Stockwell, 1973; and Hadley and Osei, 1982). Although the

factors underlying the latter relationship are not fully understood relative to the association

with the HWE, several hypotheses have been offered to explain this apparent paradox. They

include the classical study of Antonovsky (1967) who observed the following;

Despite the multiplicity of methods in the 30-odd studies cited, and despite
variegated populations surveyed, the inescapable conclusion is that class
influences one's chances of staying alive. Almost without exception, the
evidence shov« that classes differ on mortality.

Antonovsky's theory that health is improved as a result of increased socio-economic status

(SES) appears to be the essence of the HWE In support of Antonovsky's findings, Frome,

et al. (1988), in a comprehensive study of mortality of Department of Energy (DOE)

contractor employees, stated that SES is the most significant and predictive variable of

mortality relative to the HWE

Previously, only a few occupational epidemiological studies have examined retired

groups to determine the respective mortality experience among different job classifications

(Enterline and Henderson, 1975; Collins and Redmond, 1976; Thomas, et al., 1983; and Fox,
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1987). Such studies have reported the mortality results separately for white collar (salaried)

and blue collar (hourly) workers. However, many questions remain unexplored. If SES is a

powerful determinant of mortality and significantly contributes to the HWE during one's

employment years (as suggested by Checkoway, et al., 1985), then this improved survival

probability should carry over for several years following retirement (Youngblood and

Holloway, 1986 and Monson, 1986).

The primary objective of this study is to extend the HWE research on the general

question, "Is SES a significant factor in explaining white collar versus blue coUar variations

in mortality rates?" To assess this question, this study will utilize vital statistics and survey

data that were compiled for the Health and Mortality Study of DOE workers and are

maintained on computer tapes by Oak Ridge Associated Universities (ORAU) in Oak Ridge,

Tennessee.

The mortality outcomes of both white collar and blue collar retirees from the Oak

Ridge National Laboratory (ORNL), the Y-12 Plant (Y-12), and the Oak Ridge Gaseous

Diffusion Plant (ORGDP)-each located in Oak Ridge, Tennessee and owned by DOE--will

be investigated for the yetrs 1960 to 1979 in the following phases (see Figure 1):

1. Compare the differences, if any, in mortality rates among retired white collar

workers from ORNL, Y-12, and ORGDP for all causes, cancers, diabetes,

cardiovascular diseases, cerebrovascular diseases, all respiratory diseases, diseases

of the digestive system, genito-urinary diseases, cirrhosis of the liver, accidents,

and suicide. If differences exist between these groups and the general U.S.

population, they will be seen as an increase in the standard mortality ratio

(SMR) with length of follow-up, and the increase will be greatest for

cardiovascular deaths and low-to-intermediate for cancer deaths.
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Analysis: SMR by all causes, cancers, diabetes, cardiovascular

diseases,cerebrovascular diseases, all respiratory diseases, diseases of the digestive

system, genito-urinary diseases, cirrhosis of the liver, accidents, and suicide by

length of follow-up, age at retirement, years of employment, job classification,

and sex.

2. Repeat comparison among blue collar retired workers from ORNL, Y-12, and

ORGDP.

Analysis: Repeat SMR analysis for ten broad cause-of-death groups, length of

follow-up, age at retirement, years of employment, job classification, and sex.

3. It has been shown in at least one study (Collins, et al., 1978) that small sample

size in a study cohort may not detect significant differences in cause specific

death rates when they actually exist. For the purposes of this study, the

researcher will attempt to increase the size of the sample by "pooling" the white

collar retirees fi'om each facility (ORNL, Y-12, and ORGDP) under

investigation; the same technique will be used for blue collar retirees.

A The pooled white collar retirees will be used as a standard to directly

compare the pooled blue collar retirees to identify differences, if any, in

cause-specific mortality rates for ten selected causes of death between the

two retired populations. If a difference exists, it will be viewed as an

increase in SMR with length of follow-up in the white collar cohort;

however, the increase will be greatest for cardiovascular deaths,

intermediate-to-low for cancer deaths, and low-to-nonexistent for external

causes. Between the two pooled retired groups, SMRs will be intermediate

for workers retiring at or after age 65 and high for those individuals
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retiring before age 65. In this population of retired workers, SMRs are

expected to be highest in the first year of retirement

Analysis: SMR by all causes, cancers, diabetes, cardiovascular diseases,

cerebrovascular diseases, all respiratory diseases, diseases of the digestive

system, genito-urinary diseases, cirrhosis of the liver, accidents, and suicide

by length of follow-up, age at retirement sex, SES, and years of

employment

B. Investigate differences, if any, in the mortality esqwrience between the two

pooled retired groups using the U.S. general population as a standard for

comparison as follows:

(1) Pooled retired white collar versus U.S. general population.

(2) Pooled retired blue collar versus U.S. general population.

If differences exist, they will be seen as an increase in SMR with length of

follow-up.

Analysis: Repeat SMR analysis for ten broad cause-of-death groups,

length of follow-up, age, sex, and SES.

Statement of the Problem

The purpose of this retrospective cohort mortality study was to determine the extent

to which the HWE continues during retirement years by addressing the following research

questions:

1. Are there differences in mortality rates among white collar retirees from ORNL,

Y-12, and ORGDP when compared to the U.S.?

2. Are there differences in mortality rates among blue collar retirees from ORNL,

Y-12, and ORGDP when compared to the U.S.?
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3. What influence, if any, does the HWE have on the differences (if any) in

survivorship and mortality experience between white collar and blue collar

retirees in the two pooled populations under investigation when compared to

the U.S. and when compared to each other?

4. What are the expected death rates for the pooled groups when compared to

the general population and when compared to each other?

Hypotheses

The following sets of hypotheses express expected relationships between variables and

will be used for the analysis of the data:

Hypothesis 1

A. There are no differences in survivorship and mortality experience for white

collar retirees of ORNL, Y-12, or ORGDP when compared individually to the

U.S. for all causes, diabetes, all respiratory diseases, diseases of the digestive

system, cinhosis of the liver, genito-urinary diseases, accidents, and suicide.

B. The mortality experience is higher among white collar retirees for cancers,

cardiovascular diseases, and cerebrovascular diseases when compared to the

U.S. general population.

Hypothesis 2

A. There are no differences in survivorship and mortality experience for blue

collar retirees of ORNL, Y-12, or ORGDP when compared individually to the

U.S. for all causes, diabetes, all respiratory diseases, diseases of the digestive

system, cirrhosis of the liver, genito-urinary diseases, accidents, and suicide.

B. The mortality experience is higher among blue collar retirees for cancers,

cardiovascular diseases, and cerebrovascular diseases when compared to the U.S.
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general population.

Hypothesis 3

A. There are no differences in survivorship and mortality experience between the

pooled retired white collar population and the pooled retired blue collar

population when compared to each other for all causes, cancers, diabetes, all

respiratory diseases, diseases of the digestive system, cirrhosis of the liver,

ge n i to-urinary diseases, accidents, and suicide.

B. The mortality experience is higher among the pooled retired blue collar

population for cardiovascular diseases and cerebrovascular diseases.

Hypothesis 4

A. There are no differences in survivorship and mortality experience between the

pooled retired white collar population as compared to the U.S. general

population for diabetes, all respiratory diseases, cirrhosis of the liver, genito

urinary diseases, accidents, and suicide.

B. The mortality experience is higher among the pooled retired white collar

population for all causes, cancers, cardiovascular diseases, cerebrovascular

diseases, and diseases of the digestive system when compared to the U.S.

general population.

Hypothesis 5

A. There are uo differences in survivorship and mortality experience between the

pooled retired blue collar population as compared to the U.S. general

population for diabetes, all respiratory diseases, cirrhosis of the liver, genito

urinary diseases, accidents, and suicide.
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B. The mortality experience is higher among the pooled retired blue collar population

for all causes, cancers, cardiovascular diseases, cerebrovascular diseases, and

diseases of the digestive system when compared to the U.S. general population.

Basic Assumotions

The research will be based on the following assumptions:

1. The data provided by the DOE and ORAU are valid and reliable as they pertain

to the demographic variables being studied.

2. The use of standardized mortality ratios is an acceptable means for analysis of

cohort data.

3. The use of mortality rates and the postponement of death is a relevant measure

associated with the HWE.

Limitations

The major limitations of the present study are that:

1. The study involves only white males and white females aged 50 and over who had

been employed and had retired from ORNL, Y-12, or ORGDP between 1960 and

1979.

2. The study is limited to reporting the cause of death as coded and available on data

tapes compiled by ORAU.

Delimitations

The major delimitation of the present study is that the study data collected will be

restricted to those on data tapes compiled by ORAU for studies of mortality among workers
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employed at ORNL and Y-12 since 1943.

Definition of Terms

The following terms pertain to this study:

1. Aging - An ineversible postmaturational process that correlates over time with

increasing functional losses.

2. Blue Collar Worker - Non-exempt employee who was paid on an hourly basis.

3. Cohort - A group of individuals exposed to a similar set of experiences in its

workplace.

4. Early Retiree - An individual who had permanently left the DOE-Oak Ridge

workforce before normal retirement age (65 years). Early retirement also includes

persons who retired due to illness or medical disability.

5. Healthy Worker Effect CHWEl - The underlying expectation of the HWE is that

the mortality rate among people who are employed is substantially lower than that

of the total general population which includes unemployed persons.

6. Normal Retiree • An individual who had worked at one or more of the facilities

under investigation for a combined minimum of 10 or more years and had left the

workforce permanently at age 65 or older.

7. Standardized Mortality Ratio fSMRl - Ratio of the number of deaths observed in

a study population to the number of deaths expected if the population had the

same rate structure as the standard population. Used to minimize the possible

error of under-reporting mortality rates.

8. White Collar Worker - Exempt salaried employee who was paid on a monthly or

weekly basis.
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Organization of the Study

The study consists of six chapters. Chapter I includes the introduction, the need for

the study, the statement of the problem, the hypotheses, the basic assumptions, the limitations

and delimitations of the study, and the definitions of terms. A review of selected literature

relevant to studies similar in content and in methodology is contained in Chapter H. Chapter

n also includes a history of the HWE from the 1800s to the present The research design

employed in the study is addressed in Chapter IIL Chapter IV presents an analysis and

interpretation of the data. The summary, major findings, conclusions, and recommendations

are given in Chapter V. Lastly, Chapter VI contains a retrospective of the study.



CHAPTERH

REVIEW OF THE LITERATURE

Evidence was found to suggest that the increase in longevity observed in the last few

decades may be attributed, in part, to a decrease in occupational diseases (DHHS, 1988).

Researchers have agreed that, in the general population, a more favorable health status will

be observed among active workers. This favorable health status is readily demonstrated by

low standard mortality ratios (SMRs) and other statistical parameters such as lower morbidity

rates, lower mortality rates, and longer life expectancy (Monson, 1978; Syme and Berkman,

1979; Wen, et al., 1983; McLain and Frome, 1985; and Cragle, et al., 1988). Available data

and common knowledge suggests that relatively good health is necessary for both initial and

continuing employment As a result, groups of employed persons can have lower mortality

rates than those of the general population. This favorable mortality experience has been

termed the "Healthy Worker Effect (HWE)" (McMichael, 1976).

The purpose of this review was to organize and condense, in a single convenient

format, a large body of literature pertaining to the HWE and its obvious relationship to

survivorship and aging. The basic problem of aging in a multistress environment, as viewed

by a public health professional, is that it is a complex process caused by mechanisms yet to

be deGned (Martin, 1979). For this reason, studies relating to mortality and occupation are

difGcult to interpret. The HWE is principally due to the fact that individuals entering the

workforce are considered to be in reasonably good health (Sterling and Weinkam, 1985).

Therefore, a similar phenomenon might be expected in a comparison of mortality among

17
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members of an occupational group to that of the general population. The following section

provides an overview of the historical prospective and the critical synthesis of previous

research and how these studies on aging and mortality trends have impacted the HWE.

Cohort Analysis

Cohort analysis of mortality statistics, which reflect the frequency of death in a

population, are routinely collected in many countries. These types of data provide a ready

indicator of the frequency of cause-specific mortality as it occurs according to time, place, and

individual; and therefore, are important to the health professional's view of disease. In 1870

William Fair first described the cohort analysis of mortality. He stated the following:

The causes that make the rate of mortality vary may be considered under two
heads: (1) Causes inherent in the population itself, such, for example, as age
and sex and (2) Causes outside the population, such as air, water, food,
clothing, dwelling, or such groups of causes as are involved in residence and
relation of the several parts to each other in time and space.

In 1930, Andvord attempted to explain the changing age distribution of tuberculosis in

London by using Parr's methodology.

By using age-specific tuberculosis mortality rates at 10-year intervals among males in

Massachusetts, W. H. Frost (1939) further elaborated on Fair's technique. As a result. Frost

concluded that mortality peaks later in life. He suggested that the high rate of mortality due

to tuberculosis in the elderly was probably the result of reactivation of an infection acquired

early in life and was not necessarily a newly acquired infection.

M. L Levin (1953) also used cohort analysis of mortality data to investigate lung

cancer and its relationship to age-specific death rates. He found that the risk of lung cancer

increased between the ages 60 to 69 and declined in ages over 70. Levin also found that the

risk of mortality from lung cancer tended to decline even further at 80 years of age. He
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suggested that the main reason for the decline was that members in the 80 and older age

group had lower exposure to the etiological agent (cigarette smoking) than did later cohorts.

Wen, et al. (1984), believed that the mortality peak later in life did not represent the

postponement of maximum risk, but meant that the high death rates in old age were the

residuals of higher risk rates in earlier ages.

In 1975 Cutler reported on the trends in survival rates of patients with cancer. His

development of statistical methods for survivorship analysis proved to be an important

resource for researchers conducting occupational studies.

Mortality Patterns in Occupational Cohorts

The fact that there were even earlier accounts of selective influences present in

occupational groups was pointed out by Weed in 1985. At the beginning of the 18th century,

Bernardino Ramazzini (commonly known as the Tather of Occupational Medicine")

developed systematic descriptions of occupational maladies of the workers of Modena, Italy.

An example of these systematic descriptions can be found in his list of diseases for "learned

men." Ramazzini stated that these individuals suffered from arthritis and nephritis as a result

of sedentary employment; had weak vision because they "gazed intently at what they read or

write, and so could not fail, to become keenly aware of damage to the vision"; and had weak

stomachs because "the stomach could not properly digest its own supply of foods while the

brain was digesting what was supplied by the passion for knowledge and the hunger for

learning." Thus, according to Ramazzini, these "learned men" ultimately hastened their own

deaths because of their passion for knowledge.

Ramazzini, a physician by profession, believed that individuals who were naturally

weak-sighted should not be employed in such jobs as cleaning privies and cesspits because
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such employment could have led lead to loss of eyesight He wrote that they should "abandon

this sort of occupation and devote themselves to another that they may not for the sake of

vile and filthy lucre, lose their sight and be forced to beg." Ramazzini's text remained the

fundamental work on occupational diseases during the 18th century.

William Guy, a professor of forensic medicine at King's QiUege Hospital in London,

in 1845 studied whether sedentary jobs were "filled with persons naturally unhealthy" who had

entered such occupations on the advice of their parents. Guy reasoned that if parents had

known that their children were weak or ailing, they would have directed them to enter

occupations that required little physical effort. Guy interviewed 503 patients from a variety

of occupations in an attempt to determine the role that primary selection (i.e., those entering

the workforce) and secondary selection (i.e., those already employed in an occupation

incompatible with their health) played in this patient population.

Guy came to the conclusion that "in only one case of fifty does (the) state of health

exercise any influence on the selection (of an occupation)." As a result of Guy's efforts, he

should probably be credited with the first epidemiologic study of the selection processes

commonly held to be responsible for the HWE. One should be aware, however, that Guy's

study only begins to answer the question of occupational selection and its relationship to the

HWE. Since his study, other researchers have presented evidence to prove that an

individual's health does exercise a significant and direct influence on the selection of an

occupation (Collins, 1976; Shindell, et al. 1978; Lilenfeld, 1979; Swartz and Epstein, 1981;

Austin and Schnatter, 1983; Ames and Trent, 1984; Sweeney, et aL 1985; and Carpenter, et

al, 1987).

Much information obviously can be drawn from these epidemiologic studies.

However, to better understand the HWE, one must become familiar with the phenomenon
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of aging. Although aging may be thought of as a normal physiological process, it includes

both positive (e.g., self actualization and greater sense of self) and negative aspects (e.g.,

marked physical decline on virtually any measure, including speed, strength, work capacity,

elasticity and system functioning). Such chronic conditions contribute to the limitation of

activity as shown in Tables 2 and 3. Experience, sagacity, and wisdom also come with age;

so aging is not a totally detrimental process.

Aging

PhUlips and Gaylord (1984 and 1985) have defined aging in biological terms as the

postmaturational process that correlates over time with increasing functional losses.

Individuals vary greatly in the rate at which these processes occur. Palmore (1985) defined

aging as a process that cannot be reversed. Therefore, one would expect the incidences of

chronic illness to increase as people age. According to Hendricks (1979), 88% of the 23

million people over the age of 65 in the United States reported at least one diagnosed

chronic condition in 1979. The incidence of diagnosed chronic illness appears to be closely

correlated with age (Hendricks, 1979).

Studies of the relationship between retirement and health have suggested that

retirement may bring a sense of inadequacy and rolelessness and may mcrease the risk of

health problems, leading to illness and even death (Palmore, 1972; Blau, 1973; and

Verbrugge, 1985). Conversely, illness may lead to retirement For example, Rowland (1977)

and Sweeney, et al. (1985), found that blue-collar workers retired for reasons of poor health.

However, the cohort analyses on which these studies were based had serious methodological

limitations when they attempted to chart changes over time (Monson, 1986). It is

questionable whether observed changes are the result of cohorts experiencing different
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social-structural and cultural environments or if these changes occur to cohort members as

they age. The most supportive assertion is based on longitudinal studies that follow people

through retirement and demonstrate that ill-health does not increase in the years immediately

following retirement (Streib and Schneider, 1971; Atchley, 1976; Cottrell, 1969; and Baum and

Baum, 1980).

A significant observation made by Marshall (1980) was that there is some evidence

that older people are less likely than younger people to recognize disease or physiological

assaults, and a majority are likely to perceive themselves as "healthy for my age." People with

chronic conditions may consider that the day-to-day adjustment to the condition, such as

diabetes or heart disease, constitutes good health, while a worsening of the chronic condition

or acute illness may be seen as grounds for perceiving oneself in poor health. Illness is

obviously not an objective condition, but rather a social construction which depends on

social-psychological structural, cultural, and physical phenomena and their interpretation.

Thus, the epidemiology of aging is not merely the study of disease conditions in older people,

but encompasses the analysis of biological and social factors in younger adults that affect their

health in later years.

Mortalitv Trends

The U.S. population aged 65 and over has been increasing rapidly both in number and

proportion. This rise is attributable to the declines in mortality and fertility. As evidence of

this fact, McGinnis (1985) pointed out that for the first time in recorded history the life

expectancy increase in infants is exceeded by the life expectancy increase for some adults.

In the first 10 years of this century, the life expectancy increase for infants was on the order

of about 4%, whereas the life expectancy for adults at age 65 actually decreased. On the
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other hand, during the years 1970 to 1980 there was an increase of life expectancy for infants

of slightly over 4%, while the life expectancy for adults increased slightly over 6%. These

increases represent a 50% gain in life expectancy over the last 60 years (McGinnis, 1985).

According to the U.S. Department of Health and Human Services (1988), between

the years 1940 and 1978 death rates decreased by 16.7% for males over age 65 and 33.0% for

females over the age of 65. However, the decline in death rates is even more dramatic for

the population aged 65 and over when adjusted for changes in overall age composition.

When age-specific death rates are examined for the period 1940 to 1978, death rates showed

a decline of 24.5% for the males age 65 and over and 46.7% for females in that same age-

range (DHHS, 1988).

Other data sources have shown that elderly mortality can be summarized as follows;

1. Between the years 1940 and 1978 the mortality rate for persons 65 and older

decreased by 27% (DHHS, 1980).

2. In 1983 the decline in mortality rates was two times greater for women than

men; 33% versus 17% (U.S. Bureau of the Census, 1984).

3. The 1980 census rejxjrted that 113% of the U.S. population (25.12 million

people) was over age 65 (U.S. Senate, Special Committee on Aging, 1982).

4. By the year 2000 the elderly population is expected to increase by 30%, while

the population under 65 will probably inaease by only 15% (U.S. Senate,

Special Committee on Aging, 1982).

5. If fertility remains at low levels and mortality rates continue to decline, the

proportion of elderly persons in the U.S. could approach 18% by the year

2020 (DHHS, 1988).
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6. In the 1980 census there were 65 men for every 100 women aged 65 and

older. Projections for the year 2000 estimate a rate of 60 elderly men for

every 100 elderly women. The sex differential is greater among persons 85

years and older: 44 men for every 100 women (U.S. Senate Special

Committee on Aging, 1982).

7. Persons 85 years and older constitute the fastest growing group of elderly

people. Since 1900 this age-group has grown seventeenfold, while the

population aged 75 years and older has increased ten times, and the

population over age 60 has increased almost seven times. In 1975 persons

over age 85 comprised 8% of the elderly population. It is projected that this

group wiU comprise 11% of the elderly population in the year 2000 (DHHS,

1980).

8. According to DHHS (1988), the ten leading causes of death by sex, race,and

age for all ages in the U.S. population for the years 1950-1986 were as follows

(see Tables 4 and 5 for more descriptive data): (1) Diseases of the heart; (2)

Cerebrovascular diseases; (3) Malignant neoplasms; (4) Chronic obstructive

pulmonary diseases; (5) Pneumonia and influenza; (6) Chronic liver disease

and cirrhosis; (7) Diabetes mellitus; (18) Accidents; (9) Suicide; and (10)

Homicide. Of these categories of diseases, items 1-7 are traditionally

associated with the HWE (Cragle, et al., 1988).

9. Chronic diseases are major causes of mortality in the elderly. With the

exception of some cancers, the mortality rates are decreasing for all leading

chronic diseases (DHHS, 1988).
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10. Death rates from all causes increase with age. In 1977 deaths per 1,000 of the

non-institutionalized population rose from 24.8 among persons aged 65 to 69

years; to 88.1 among those aged 80 to 84 years; and to 147.3 for those aged

85 years and older (DHHS, 1988).

11. Black males show the highest death rate in the 65 to 79 age category; after

age 80, there is a crossover and white males show higher death rates (DHHS,

1988).

12. The black female death rate is higher than the white female death rate untU

age 80, whereupon the white female death rate exceeds it (DHHS, 1988).

The aforementioned characteristics set the stage for a close examination of the HWE

and its association with survivorship.

Critical Svnthesis of Previous Research

In terms of pathologic processes, the diseases that cause the most mortality in the U.S.

are thc»e with long-term latency and those that become chronic only after a sufficient period

of exposure or time since Grst exposure and are, therefore, most evident at older ages

(McMichael, 1976). Phillips and Gaylord (1985) indicated the death rates from all causes

increase with age. For example, Bourliere (1970) showed that heart disease, cancer, and

strokes together cause three out of four deaths within the 65 and older age group. These are

significant observations since these mortality trends appear to be the result of biohazardous

exposure. Therefore, in terms of the HWE, a reasonable assumption might be that younger

people are more likely to demonstrate the survival advantage that results from their initial

better-than-community average health status.
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In a survivorship study of the retired age range 65-84, McMichael also found that the

HWE no longer operates actively. The residual survival advantage declines with age as the

retirees come to increasingly resemble the general population in their health status

characteristics. In fact, in his work he found that the HWE disappears by around age 75.

Occupational epidemiology studies frequently suffer from the HWE selection bias

because they use U.S. population data as the comparison when calculating SMRs. While the

choice of a general population as the comparison is the underlying reason for this effect, it

appears that a better accepted alternative is not yet available (Wen, Tsai and Gibson, 1983).

As a result of such a comparison, the HWE becomes evident when SMRs are calculated for

a certain occupation. These studies suggest that there is still knowledge to be gained

regarding the variables that may influence the nature of the HWE.

For example, several researchers (Altenderfer, 1947; Antonovsky, 1967; Orcutt, et al.,

1977; and Hadley and Osei, 1982) have advocated the theory that SES is the one true variable

most frequently used to measure health relative to U.S. mortality (see Table 6). The theory

that health is improved as a result of increased SES is the essence of the HWE. Additional

credence was given to the theory that SES is linked to good health in a 1964 American

Medical Association (AMA) report. The AMA reported the following:

Medical science does not seek major credit for the improvements in the
health level during the past 25 years. Certainly, our standards of living and
higher education levels have contributed substantially to the betterment of the
health level in the United States.

Such statements tend to indicate that SES may impact the mortality of various occupational

groups within a given workforce.

Some researchers (Hadley and Osei, 1982) suggest that SES (e.g., higher income) is

associated with lower mortality. The results of the Hadley and Osei study showed that SES

had a much more positive impact on elderly cohorts age 65 years and older than the younger
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adults (ages 45-64) in the study cohort. Their findings indicate that the HWE tends to

operate more effectively in elderly persons with higher education and income levels (i.e.,

white collar as compared to blue collar employees). A similar conclusion was reached by

Antonovsky in 1967:

Despite the multiplicity of methods in the 30-odd studies cited, and despite
variegated populations surveyed, the inescapable conclusion is that class
influences one's chances of staying alive. Almost without exception, the
evidence shows that classes differ on mortality rates.

Points of view contrary to Hadley and Osei's and Antonovsky's have been offered in

other studies: Palmone, 1972; Blau, 1973; and Syme and Berkman, 1979. These studies

suggest that intense psychological job association may very well put older white collar workers

at a higher risk of mortality upon retirement Therefore, the HWE may be less observable

in retired white collar workers who have intense psychological association with their previous

job status.

Yet another point of view is offered by McMichael (1976) who suggests that,

regardless of SES, healthy workers will, relative to their health status characteristics, come to

increasingly resemble the general population during their retirement years (ages 65-84).

McMichael's study, however, demonstrates that there are major differences in the mortality

experience between retired subgroups when criteria other than SES is used. For example,

the findings of his study indicated that the HWE was greater at all ages for nonwfaites than

for whites. One must be aware that McMichael's study compared working, healthy, retired

nonwhite workers to the general U.S. nonwhite male population, which included those men

considered to be at the lower end of the socio-economic scale (i.e., chronically unemployed,

indigent, or minimum wage earners). Conversely, McMichael also compared working-class

and retired whites to the average middle-class white male American population, which

included a smaller proportion of unemployed chronically ill individuals. Because of this, the
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quality of the HWE on the comparison of these two race groups is confounded by SES (e.g.,

class differences).

Qearly, the existing evidence on the HWE does not overflow with parity relative to

its persistence in post-retirement years. The research presented in this chapter draws

attention to the fact that, historically, many studies of the adverse effects of retirement and

aging on health have compared the mortality rates of a group of retired persons to the

mortality rates of the general population. As a result, some studies imply that mortality rates

tend to be negatively correlated with the HWE and aging, while others postulate an

insignificant or positive correlation. Although the factors underlying the relationship between

the HWE and an individual's post-retirement years are not fuUy understood, several

hypotheses have been offered to explain this apparent paradox. They include the works of

Monson (1986), who like McMichael (1976), believed that the population of the region from

which the study group is derived may contain mortality rates that are different from those of

the general population of the entire country. Moreover, if such a study group has

characteristics of health status that differ from those of the general population in the early

years of follow-up, obvious dissimilarities would be expected in the mortality rates. The

review of literature on this subject has revealed that there is still much to be learned about

the nature of the HWR



CHAPTERm

DESIGN AND METHODOLOGY

Overview

As stated in the previous chapters of this study, results of many epidemiologic studies

have suggested that mortality rates of occupational groups are generally lower than those of

the general population. Underlying this favorable health status is the phenomenon known

as the "Healthy Worker Effect (HWE)": the reasonable expectation that the mortality rate

among persons healthy enough to be employed is different than that of the general

population and that difference will persist for some time after an individual retires (Sterling,

1986).

This retrospective cohort mortality study has attempted to examine the magnitude of

the HWTE between two retired populations (white and blue collar) in order to determine to

what extent this phenomenon continued to effectively operate following retirement To

address this subject, this researcher chose to analyze the mortality experiences of male and

female workers who retired between the years 1960 and 1979 from three Department of

Energy (DOE) facilities located m Oak Ridge, Tennessee: Oak Ridge National Laboratory

(ORNL), the Oak Ridge Y-12 Plant (Y-12), and the Oak Ridge Gaseous Diffusion Plant

(ORGDP). Standardized mortality data was used to evaluate the ten selected causes of death

in the study cohort. Historical follow-up was conducted for the years 1960 through 1984.

These data were based on employee job status (i.e., exempt or non-exempt) prepared by the

investigator under the guidance of Oak Ridge Associated Universities (ORAU). The vital

45
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status for each group was ascertained from Social Security Administration (SSA) records

through the DOE Certificate Retrieval Office, which also retrieved and verified the death

certificates for the known dead.

During the course of this study, ORAU nosologists mailed coded data tapes to the

SSA at least once every 6 months to assess the vital status of the study population. In

addition, ORAU personnel performed searches through the Motor Vehicle Bureaus of several

states in an attempt to accurately determine vital status for all DOE-Oak Ridge retirees.

Death certificates were requested by ORAU from the appropriate state in which the death

occurred. The underlying cause of death recorded on the death certificate was coded by

ORAU nosologists according to the rules of the eighth revision of the International

Qassification of Diseases (ICD8) in effect at the time of death.

Description of Facilities: Past and Present

ORNL, ORGDP, and Y-12 are all located in Oak Ridge, Tennessee and, during the

study period was operated for the DOE by Union Carbide Corporation-Nuclear Division

(UCC-ND). The overall mission of UCC-ND was to carry out energy research and

development, to produce of nuclear weapons components, and to attain other goals of

national importance. UCC-ND employed a workforce of approximately 15,000 at the three

facilities. Over the past two decades (1960-1979), retirement among the three facilities has

been approximately 225 persons per year (5.1% of the study population). Even though each

facility is geographically located in the same region, the workforce has a different composition

due to historically dissimilar missions. Because of the unique differences within the three

facilities, some background information regarding their history is warranted.
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Oak Ridge National Laboratory fORNL')

ORNL was established in 1943 as part of the World War n Manhattan Project. The

original mission of ORNL was the production and chemical separation through use of a

graphite reactor of the first gram quantities of the manmade element plutonium. The reactor

used natural uranium (993% U-238) contained in gas-tight cylindrical aluminum jackets for

fuel During the later years of operation, the reactor contained 54 tons of fuel. In 1963 the

reactor was shut down as a result of the development of more sophisticated tools for

plutonium research.

Today ORNL is a diversified center of research and development of safe, economical,

and environmentally acceptable technologies for the efficient production and use of energy.

The facility occupies 2,900 acres and employs a workforce of approximately 5,300 full-time

research and support personnel Of this number, approximately 4300, or 81%, are considered

to be white collar workers. The white coUar population is characterized as follows:

approximately 2,700, or 51%, are monthly salaried, exempt employees (i.e., scientists,

engineers, and administrative professionals) and approximately 1,600, or 30%, are weekly

salaried, non-exempt employees (i.e., technical and administrative support personnel). Of the

ORNL workforce, approximately 1,000, or 19%, are considered to be blue collar workers (i.e.,

hourly skilled and semi-skilled personnel). Historically, the proportion of white-to-blue collar

workers at ORNL has been approximately 4:1.

Oak Ridge Y-12 Plant (Y-121

Y-12 was built in 1943 with a mission to assist in the World War 11 effort by

separating the fissionable isotopes of uranium (U-235) via the electromagnetic process. This

effort involved the use of approximately 1,200 separating units known as calutrons, requiring
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an initial capital investment of more than $500 million and a j)eak full-time workforce of

23,000 persons. U-235 was the fissionable material used in the production of the world's first

atomic bomb that was detonated on August 5,1945. After World War H, the electromagnetic

separation process was discontinued.

Today, Y-12 has two principal missions: (1) Producing nuclear weapons components

and supporting the DOE's weapons design laboratories and (2) Processing source and special

nuclear material. Y-12 occupies approximately 800 acres and employs a full-time workforce

of about 6,800 persons. Of this number, approximately 3,470, or 51%, are considered to be

white collar workers. The white collar population is characterized as follows: approximately

2,300, or 34%, are monthly salaried, exempt employees (i.e., scientists, engineers, and

administrative professionals) and approximately 1,170 or 17%, are weekly salaried, non-

exempt employees (i.e., technical and administrative support personnel). Of the Y-12

workforce, approximately 3,330, or 49%, are considered to be blue collar workers (i.e., hourly

skilled and semi-skilled personnel). Historically, the proportion of white-to-blue collar

workers at Y-12 has been approximately 3:7.

Oak Ridge Gaseous Diffusion Plant (ORGDPl

ORGDP began operation in 1943 as the world's first facility designed to separate

uranium by using the gaseous diffusion process. The initial production goal was to support

the World War II Manhattan Project and other national defense programs. During its

industrial peak, ORGDP evolved into an internationally recognized center for enriched

uranium production and technology development.

ORGDP today occupies 1,500 acres to the west of the City of Oak Ridge and employs

some 2,700 persons. The proportion of white-to-blue collar employees has historically been

about 1:2. In 1985 ORGDP was placed on standby status, and in 1987 was ordered by the
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DOE to phase out production entirely. Presently, ORGDP's principal mission is to support

endeavors of other federal agencies through the DOE Work for Others program.

Study Cohort

A computerized data set was constructed from all workers who were employed ̂ 10

years and who terminated between January 1,1960 and December 31,1984, from any one of

the facUities under investigation. The completed data set contained information regarding

race, sex, date of birth, termination date, age at termination, and cause of death. All retirees

included in this study were followed through the end of 1984, at which time their vital status

was determined. Coded vital status for each retiree was categorized as "alive," "dead," or

"unknown," based on computerized data compUed by an experienced ORAU nosologist In

addition, the vital status of the study population as of December 31, 1984, was ascertained

through the Social Security Administration. To ensure a minimum of four years of follow-up

for everyone in the Gnal cohort, this group was restricted to persons who retired before

January 1,1980. Table 7 summarizes the number of retirees (7,740) and their reason(s) for

exclusion or inclusion in the final study population. The study population was further

restricted to white males and white females who were either on the hourly payroll or salaried

payroll for one year prior to their retirement. Retirees also had to meet the following criteria

to be included in the final study population:

1. During the study period, a total of 10 years employment at one or more of the

facilities combined was required to be eligible for retirement benefits.

2. Had actually retired (early or normal) from one of the facilities. An early

retiree was considered to be an individual who had permanently left the

workforce of either facility before normal retirement age (65 years). Individuals



50

Table 7: Criteria for Personnel Exclusion or Inclusion in Study Population

*Total Number of Retirees 1960 - 1984 7,740

Exclusions:

Black Males or Other Non-White Males 179

Black Females or Other Non-White Females 49

Retired on or After 1 January 1980 2,499

Erroneous or Unknown Job Title 2

Lived Less Than 30 Days Following Retirement 567

Final Study Cohort 4,444

•Includes age restriction of at least 50 years old when termination occurs.

••White males and white females who retired from one of the facilities under study
between 1 January 1960 and 31 December 1979.
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in the early retirement category also included those who retired due to illness, physical, or

medical disability. Normal retirement included all those who retired at or after age 65.

3. Had to be at least 50 years of age at date of termination. During the time

period encompassed by this study (1960-1979), age 50 was the minimum age at

which an individual became eligible to receive retirement benefits.

4. Had to live a minimum of 30 days beyond retirement from any of the Oak

Ridge government facilities under investigation. Exclusion of this segment of

the cohort was made in an attempt to enhance the generalizability of the

mortality data generated by this study.

As defined in earlier chapters, the term "retirement," either early or normal, means

the permanent separation due to chronological age, ill health, or disability of an individual

fi-om his or her occupational position. It stands to reason that less healthy workers (e.g.,

those who were dysfunctional in their normal work environment) would tend to have a higher

frequency of early retirement than their more healthy counterparts. Therefore, it was not

unexpected to find that the computerized mortality data maintained by ORAU indicated that

a large percentage (80% or 567) of the 709 retirees who died during their first year of

retirees who lived less than 30 days beyond their termination dates.

The high incidences of mortality among individuals who died less than 30 days after

their retirement dates may be partially related to the schedules of U(X-ND's benefits

program. Payment schemes of the benefits program differ for total and permanent (T&P)

disability retirement versus early retirement. For example, terminally ill individuals may be

allowed to remain on the payroll for sfac months, or longer, depending on a physician's

diagnosis of a given disease. Once a physician determines that an employee will not be

physically capable of returning to work, that individual is granted a T&P. Upon receiving a
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T&P, the retiree receives a termination allowance and can draw up to $20,000 in insurance

beneCts over a 5-year period. (It should be noted that this scenario does not apply to all

T&P retirements.) Conversely, individuals taking early retirement, regardless of medical

condition, do not receive similar benefits.

The retirement process was viewed fi'om a broad socioeconomic context within which

pay status and survival were used as key variables in the examination of the yearly mortality

patterns within this study population. Therefore, the restriction to exclude persons who lived

less than 30 days following retirement was imposed to limit the number of T&Ps entering the

study population. This restriction allowed for the exclusion of persons who had no real

control over their retirement and who had not received any of their accrued pension benefits.

Table 8 provides an overview of the number of retirees by facility and year that made up the

final study population (N = 4,444). Figure 2 displays the retirement pattern for the study

cohort by facility for the years 1960-1979.

Person-years were calculated from date of retirement In all analyses, it appears that

retirees with unknown vital status did not contribute person-years past the date that they were

last known to be alive, which was usually the date of termination from the facility. The

underlying causes of death recorded on the death certificates were assigned ICD8 codes by

ORAU nosologists.

Methods

The occupational history obtained from the work history records at ORNL, Y-12, and

ORGDP contained information for all jobs held from date of first employment until

December 31,1979. Each job history included dates worked, job title, department number,

and pay code. For this study, jobs held for the last 12 months of full-time employment were
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Table 8: Total Study Population by Facility and Year of Retirement

Year Retired ORNL ORGDP Y-12 Plant Total Population

1960 15 31 18 64

1%1 32 169 39 240

1%2 27 99 32 158

1963 24 56 34 114

1964 27 67 57 151

1965 39 35 87 161

1966 40 40 52 132

1%7 35 29 53 117

1968 42 49 66 157

1%9 53 39 78 170

1970 55 51 89 195

1971 90 55 106 251

1972 59 60 109 228

1973 127 94 155 376

1974 66 66 129 261

1975 84 102 154 340

1976 90 116 134 340

1977 91 111 167 369

1978 98 100 136 331

1979 57 104 128 289

Overall 1,148 1,473 1,823 4,444

Source: ORAU 1/31/90
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used to determine socioeconomic status. This was done because the BeneGts Plans OEBce

of UCC-ND based retirement pensions on the highest 3-year salary that was derived from the

last 10 years of full-time employment. Historically the last year of full-time employment was

the highest within the 10-year salary baiKL

Information concerning race, sex, birth date, date and cause of death (if dead),

socioeconomic status (using plant pay code as a surrogate), job title, and demographics were

taken from computerized data tapes maintained at ORAU. Each job title was assigned a job

classification code (salaried or hourly) based on the last 12 months of employment Hourly

retirees were those persons who were paid on an hourly basis during their last 12 months of

full time employment Throughout the present study, the hourly group has been referred to

"blue collar retirees." Persons who were paid on a monthly or weekly basis were combined

to create a single comparison group of retirees. This group has been referred to as "white

collar retirees" throughout the present study. When job assignments were completed, each

cohort member had a socio-economic status (SES) category for the job he or she had during

the last 12 months of full-time employment.

Based on the number of person-years and on the number of deaths that occurred in

each group (ORNL, Y-12, and ORGDP), SMRs were computed for each group by using a

computer program developed by Richard R. Monson (1974). Monson developed this method

to analyze cohort data by using standard death rates (relative survival) and proportional

mortalities based on cause-age-time-sex-race-specific data for the U.S. population from 1925

to 1984. The relative survival computer program consisted of 14 steps.

This researcher utilized Monson's program to calculate the expected mortality for the

DOE-Oak Ridge retired population by using U.S. mortality rates from 1925 to 1982 as the

standard. Mortality rates were assembled by for 57 causes of death (23 causes of cancers and
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34 categories of other causes) for white males, white females, non-white males, and non-white

females. Information regarding sex, race, age at entry, year of entry, years of survival, status

at end of study (live, dead, or lost to follow-up) and cause of death (if dead) were provided

for each member of the study cohort Once these data were gathered, the 14 relative survival

steps described below were employed:

1. The death rate matrix was read.

2. The age-year-of-entry distribution of the study cohort was determined in 5-year

groupings using the successive age-bands of 50-54, 55-59, 60-64, 65-69, 70-74,

75-79, 80-84, and 85 and older.

3. The age-time specific person-years of the study was calculated. It should be

noted that persons lost to follow-up were assumed to be alive through the date

of the last observation; their person-years were terminated on the date of loss

to follow-up.

4. The age-time distribution of the observed deaths was determined by;

observed rates = observed deaths
persons-years of survival

5. The age-time-specific expected deaths were calculated by

multiplying age-time-specific standard death rates (derived

from the ICD8 cause-of-death codes) by the age-time-speciflc person-years of

follow-up.

6. Standard mortality ratios (SMRs) were calculated by.

SMR = observed deaths
expected deaths

7. The probability that the observed number of deaths would differ significantly

from expected number of deaths was calculated using the modified Mantel-
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Haenszel (Chi-Square) prcx»dure. The confidence interval for each SMR was

calculated, and its deviation £rom 1.00 was tested by assuming a Poisson

distribution for the observed deaths and by using a one-taUed test of

significance and an alpha level of 0.05 (when the observed or expected number

of deaths was less than 5.00).

8. The relative survival life table was calculated by using the standard errors

according to the method of Greenwood (1926). This method calculates the

following numbers for each year of survival:

A. LX - Number starting each interval

B. WX - Number of live withdrawals

C. UX - Number lost to follow-up

D. OBS (DX) - Observed deaths

E. EXP (DX) - Expected deaths

F. OBS/EXP - Observed/expected ratio

G. SURV - Crude interval survival (i to i + 1)

H. RSR - Relative interval survival

I. SERSR - Standard error of RSR

J. CSURV - Crude cumulative survival (0 to i + 1)

K. CRSR - Relative cumulative survival

L. SECRSR - Standard error of CRSR

9-11. These steps were similar to steps 4-6, except that the person-years for each

person were distributed horizontally according to age of entry into the cohort.
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12-14. Person-years were distributed horizontally according to year of entry into the

cohort These steps were similar to steps 9-11.

SMRs were used as a statistical parameter for comparing the number of observed

deaths to the number of expected deaths. The expected deaths were derived from a certain

comparison population, such as the retirees of Y-12, by taking into consideration age, sex,

employment duration, and calendar-time. The interpretation of SMRs was based on whether

such ratios were significantly different from 1.00. Age-adjusted SMRs were used as a

weighted average for all age-specific mortality ratios, with the weighing factor being derived

from the age structure of the study population. Comparison of two age-adjusted SMRs was

performed under the following conditions:

1. The age-specific mortality ratios within each population were similar across all

age groups.

2. The similarity of the age distribution of the two groups was examined in terms

of person-year distribution.

For the present study, person-years were accumulated from the date of termination

(rather than the date on which employment began), through the date of death, loss to follow-

up, or the end of the study, whichever was earlier. This constraint resulted in a conservative

estimate of expected mortality.

The deaths recorded for the study population were grouped by calendar-time and 5-

year-age-of-death intervals for ages 50-84, inclusive, and for the following ICD8 categories:

Ail causes (Code numbers 001-998)

1. Cancers (140-209)

2. Diabetes (250)

3. Cardiovascular diseases (390-413)
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4. Cerebrovascular diseases (430-438)

5. All respiratory diseases (460-519)

6. Diseases of the digestive system (520-577)

7. Cirrhosis of the liver (571)

8. Genito-urinary diseases (580-629)

9. Accidents (950-959)

10. Suicide (950-959)

ICD8 codes 140-629 (items 1-8) are categories of disease traditionally associated with

the HWE (Cragle, et al., 1988) and have been the leading causes of death in the U.S.

population since 1950 (DDKS, 1988). Although accidents and suicide are not literally

associated with occupational exposures, they have consistently ranked in the leading causes

of death in persons 45 years of age and older in the U.S. since 1950 and were included as

study variables. These ten selected causes of death provided a solid foundation for the

comprehensive investigation of the study cohort

Statistical significance was determined by comparing the observed number of deaths

with the number of deaths expected in the comparison population. The assumption was made

that the distribution of the difference would be Gaussian (normally distributed). This was

expressed by the following formulas:

Z = O-E where

S

E = pi, and

S = pi, (1-pi)

This technique resulted in statistical significance of smaller variations than if one had

assumed the distribution to be Poissan and S = E.
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Summary

In this chapter the study cohort was identified and the methods for obtaining the

cohort were discussed. Tests of significance of difference included Chi-Square; SMRs; the

"t test"; and various measures of association. The 0.05 level of significance was used in all

hypothesis tests.



CHAPTER IV

RESULTS AND DISCUSSION

This chapter reports the results of the study. A discussion of the vital status and the

cause of death determination will come first Next, using the U.S. population as a standard,

the overall statistical evaluation of standard mortality ratios (SMRs) for white salaried male

retirees from each facility under investigation are described, followed by a similar comparison

for white hourly male retirees. The analysis continues with a statistical evaluation of SMRs

from a pooled salaried male group using the U.S. population as a comparison standard. A

similar analysis is presented for a pooled hourly male population. Finally, the pooled salaried

male population was used as a standard to statistically evaluate SMRs of the pooled hourly

cohort The aforementioned comparisons and statistical evaluations were replicated for

female retirees from each of the facilities being studied. A detailed discussion section follows

the results section of this study.

Vital Status Ascertainment and Cause of Death Determination

In this study the largest retired population, both in the number of retirees and in the

total number of person-years, was found at the Y-12 Plant (Y-12). Table 9 provides a

summary of the basic characteristics and vital status of the total study population by facility.

The percentage of retirees with unknown vital status was lowest (0.07%) in the

combined hourly and salaried Oak Ridge National Laboratory (ORNL) group, while it was

highest (0.52%) in the combined hourly and salaried Oak Ridge Gaseous Diffusion (ORGDP)

61
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TABLE 9

Basic Characteristics of the Study Populations of Retired White Males from the Oak
Ridge National Laboratory (ORNL), the Oak Ridge Gaseous Diffusion Plant
fORGDP\ and the Oak Ridge Y-12 Plant rY.12V

ORNL ORGDP Y-12

Number of Retirees 1,029 1,330 1,698
Follow-Up Period 1960-1984 1960-1984 1960-1984
Person-Years 10,011.3 13,6215 15,835.1
Average Follow-Up 10 years 10 years 9 years
Number Alive 643 726 1,034
Number Dead 384 582 654
(with Certificates) (382) (575) (651)
Unknown Vital Status 2 22 10
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group. Death certificate retrieval was most complete (100%) for hourly females; however,

the other groups in the cohort also had high vital status ascertainment (e.g., hourly males,

99.5%; salaried males, 99.7%; and salaried females, 99.9%). Vital statistics for the entire

cohort and for each retirement type are displayed in Table 10.

Table 11 provides a listing of the total number of deaths in the study population by

year and by facility for the years 1960 through 1984. The pattern in which these deaths

occurred by year and by facility is shown in Figure 2. The highest number of deaths for each

plant site occurred in different years (ORNL, 122 deaths in 1983; ORGDP, 158 deaths in

1977; and Y-12, 169 deaths in 1980).

The results of this study also have yielded a sporadic pattern of retirement at the Oak

Ridge facilities for the years 1960 through 1979. The retirement pattern is shown in Figure

3. No association was found in this study between year of retirement and year of peak

number of deaths at any plant. Other than a plant's offering some type of incentive for early

retirement, no other clear explanation for the peak death years could be determined. Figure

4 summarizes vital status of the entire cohort by facility and sex.

neneral Analvses of the Male Salaried Cohort bv Facilitv

The initial phase of this study involved the investigation of all and selected causes of

death among salaried male retirees at ORNL, ORGDP, and Y-12. As hypothesized in

Chapter I, it was expected that no differences would be found in the survivorship and

mortality experience of male salaried retirees at the Oak Ridge Department of Energy (DOE)

facilities when they are compared to the U.S. population for all causes, all respiratory

diseases, diabetes, diseases of the digestive system, cinhosis of the liver, genito-urinary

diseases, accidents, suicide, and diseases of the circulatory system (i.e., cardiovascular and
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TABLE 10

Vital Status of Study Population by Facility, Pay Code, and Sex Through
December 31, 1984.

Facility Vital Status Sex/PayCode Frequency Percentage of
Total Study
Population

ORNL Alive

Y-12 Plant Alive

ORGDP Alive

Male 643 14.5

Hourly 239 5.4
Weekly 95 2.1
Monthly 309 7.0

Female 101 2.3

Hourly 2 0.01
Weekly 85 2.0
Monthly 14 0.3

Male 1034 23.3

Hourly 723 16.3
Weekly 58 1.3
Monthly 253 5.7

Female 102 2.3

Hourly 46 1.0
Weekly 53 1.2
Monthly 3 0.1

Totals Alive

Male • 726

Hourly 409
Weekty 69
Monthly 248

Female 108

Hourly 12
Weekly 93
Monthly 3

Male/Female 2403+311=2,714

16.3

2.4

9.2

1.6

5.5

0.3

2.1

0.06

54.1+7.0=61.1

Continued on next page
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TABLE 10 (continued)
Vital Status of Study Population by Facility, Pay Code, and Sex Through
December 31, 1984.

Facility Vital Status Sex/PayCode Frequency Percentage of
Total Study
Population

ORNL Dead

Y-12 Dead

Male 384 8.6
Hourly 210 4.7
Weekly 46 1.0
Monthly 128 2.9

Female 17 0.4

Hourly 2 0.05
Weekly 12 0.3
Monthly 3 0.07

Male 654 14.7
Hourly 482 10.9
Weekty 41 0.9
Monthly 131 2.9

Female 22 0.5

Hourly 9 0.2
Weekly 13 03
MontlJy 0

ORGDP Dead Male 582

Hourly 391
Weekly 46
Monthly 145

Female 34

Hourly 6
Weekly 27
Monthly 1

13.1

0.8

8.8

1.0

3.3

0.1

0.6

0.02

Total Dead Male/Female 1620+73=1,693 36l5+1j6=3&1

Continued on next page
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TABLE 10 (continued)
Vital Status of Study Population by Facility, Pay Code, and Sex Through
December 31, 1984.

Facility Vital Status Sex/PayCode Frequency Percentage of
Total Study
Population

ORNL

Y-12

Total

Unknown

Unknown

ORGDP Unknown

Male 2

Hourly
Weekly
Monthly

Female 1

Hourly
Weekly
Monthly

Male 10

Hourly
Weekly
Monthly

Female 1

Hourly
Weekly
Monthly

Male 22

Hourly
Weekly
Monthly

Female 1

Hourly
Weekly
Monthly

9

1

13

2

7

0.05

0.02

0.2

0.02

0.5

0.02

0.5

0.02

0.2

0.2

0.02

0.3

0.05

0.2

0.02

Unknown

Total Cohort

Male/Female 34+3=37 0.76+0.07=0.8

Male/Female 4,057 + 387 = 4,444 913+87=100
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cerebrovascular diseases combined). Conversely, it was also hypothesized that survival and

mortality due to all cancers combined in the salaried cohort would be elevated when

compared to the U.S. general population.

Of the ten selected causes of death for the salaried retirees, SMR discussion was

confined to diseases of the circulatory system (267 observed) and all cancers (124 observed),

since they comprised 73% of the all causes (537 observed) category in the cohort The total

frequency of deaths by facility for the salaried groups is shown in Figure 5. The relative

frequency of deaths between the salaried and hourly groups at each plant was generally

reflective of the distribution of retirees (see Table 11). The male salaried group contained

1,581 retirees (ORNL, 580; Y-12,484; and ORGDP, 517), with 537 observed deaths. Death

certificates were retrieved for 534 (99.4%) of these observed deaths, and 12 (0.8%) were lost

to follow-up.

In Table 12 the SMRs are presented according to age at entrance into follow-up.

Table 12 also provides SMRs for age-specific mortality from all and selected causes of death

and number of person-years of observation for the salaried retiree data by 5-year age-groups

at each facility. For the middle age-groups (i.e., 55-79 years), number of person-years and

observed deaths were large enough to provide greater statistical reliability than the lower or

upper age-groups. However, there were substantially greater person-years in the group aged

50-54 than in the 80-85 and older age-groups.

In addition, for each 5-year age interval, the number of person-years was distributed

in a time-dependent manner, such that a retiree in the 65-69 age-band contributed person-

years to the three categories through which he passed until he was eligible to enter the 65-69

age-band. As a result, the male salaried group's sample size (15,048.5 person-years for the

total male salaried cohort = 5,540.6 person-years from the ORNL group + 5,021.1 person-
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TABLE 12 (continued)

Person Years by Five-Year Age Groups for Salaried Retirees of ORNL, ORGDP
and the Y-12 Plant.

Age ORNL ORGDP Y-12

Total

Person Years

50-54 222.0 159.9 90.8 472.7
55-59 699.1 600.1 382.5 1681.7
60-64 1278.9 1094.3 927.4 3300.6
65-69 1926.6 1733.1 1727.8 5387.5
70-74 1018.3 986.9 953.6 2958.8
75-79 322.3 335.1 327.6 985.0
80-84 68.3 96.1 69.6 234.0
85+ 5.1 15.6 7.5 28.2

TOTALS 5540.6 5021.1 4486.8 15048.5
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years from the ORGDP group + 4,486.8 person-years frx)m the Y-12 group), coupled with

an average observation period of 29 years, was adequate to produce statistically interpretable

data.

Table 12 also shows the cause-specific SMRs for salaried retirees by facility relative

to the U.S. white male population for the years 1960 through 1984. The SMR of 0.99 (172

observed versus 172.6 expected and 191 observed versus 191.2 expected) for all causes of

death was as expected for both the Y-12 and ORGDP white collar retirees. The SMR of

0.90 (174 observed versus 194.4 expected) for all causes was also as expected for ORNL white

collar retirees. The deficit in mortality from all cancers (36 observed versus 45.5 expected)

was the principal stabilizing factor for the overall mortality rate in the white male collar

retiree group at ORGDP. All cancers (37 observed versus 48.2 expected) and diseases of the

circulatory system (92 observed versus 103.15 expected) were the main contributors to the

deficit in overall mortality for white collar retirees at ORNL. The data revealed, however,

that diseases of the circulatory system (68 observed versus 92.71 expected) in the Y-12 white

collar retired population were the primary reasons why the overall mortality remained as

expected in this group.

As hypothesized, the overall health status of the retired salaried male population

compared favorably with the general U.S. population for all and major causes of death. Some

significantly elevated and age-specific SMRs may be of biological importance. Figure 6

provides an enumerated summary of selected causes of death in the salaried group by facility.

Age-Specific SMR Analyses of the Male Salaried Cohort bv Facilitv

Further analysis was performed using each facility to investigate age-specific SMRs

for all and selected causes of death. Table 12 displays all causes, all cancers, and cardiovascu

lar disease SMRs for the salaried male retirees by 5-year age-groups for ages 50-85, and older.
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At ORNL age-specific SMRs were elevated, but were not statistically significant, for

all causes combined for the age-bands 50-54 (SMR = 2.71; 95% C.L = 0.71, 5.00), 60-64

(SMR = 1.22; 95% C.I. = 0.86, 1.69), and 85 and older (SMR = 2.09; 95% C.I. = 0.24,

6.39). The wide confidence interval shown in the 50-54 and 85 and older age-bands was

based on two observed and 0.95 expected deaths, respectively. At ORNL for all age-bands,

there were no significant differences in mortality rates when compared to the U.S. population.

Similarly, for all causes at ORGDP, the age-specific SMRs were elevated over age-

bands 50-54 (SMR = Z35; 95% C.I. = 0.64, 5.91), 55-59 (SMR = 1.16; 95% C.I. = 0.58,

2.07), 60-64 (SMR = 1.35; 95% C.I. = 0.94,1.87), and 85 and older (SMR = 1.38; 95%

C.I. = 0.37, 3.42). However, no instances of significantly elevated or decreased deaths firom

all causes were noted for these groups.

Slight elevations in age-specific SMRs for all causes were also found for the Y-12

salaried male retirees for age-bands 54-59 (SMR = 1.83; 95% C.I. = 0.91, 3.26) and 80-84

(SMR = 1.03; 95% C.I. = 0.44,2.01). There were no deaths observed in the age-band 50-54

in the Y-12 Plant salaried retired group. The number of deaths due to all causes combined

in these age-band was not significantly different from the U.S. population. A statistically

significant increase in the number of deaths was noted among the Y-12 salaried males for all

causes combined in the age-band 60-64 (SMR = 1.79; 95% C.I. = 1.27,2.44). This significant

excess in mortality was based on 39 observed deaths versus 21.8 expected deaths. Because

of the methodology of this study, retirees dying in this age-band could conceivably be those

who had left the Oak Ridge facilities prior to the normal retirement age of 65.

When all three plants were examined together to look for common age-specific

patterns, a deficit SMR trend began at the age-band 65-69 at each facility and continued

through the age-band 70-74. The deficit trend was displayed longest in the ORNL salaried



79

group, beginning at age-band 65-69 and continuing to age-band 80-84 before the SMRs

became elevated in the 85 and older age-group. The deficit SMR trend was shortest for the

ORGDP salaried group, beginning at age-band 65-69 and ending at age-band 70-74. The Y-

12 salaried group displayed SMR deficits similar to those of the ORNL group; however, at

the 80-84 age-band the SMR was as expected and a deficit SMR was exhibited for the 85 and

older age-band. There were no statistically significant elevations or decrements from all

causes of death in any of the salaried groups of retirees for any age-band above 60-64.

For all causes at each facility, there were fewer than expected observed deaths in the

retired salaried groups. As shown in Table 12, the overall expected number was based on

rates for U.S. white males (ORNL/SMR = 0.90, 95% C.L = 0.77, 1.04; ORGDP/SMR =

1.01, 95% C.I. = 0.87, 1.16; Y-12/SMR = 1.00, 95% CL = 0.85, 1.16). Relative mortality

deficits in age-bands 65-69 and 70-74 were the major contributors to the overall lowered

mortality rate in the salaried cohort These findings showed a high degree of consistency with

the frequently reported "Healthy Worker Effect (HWE)" (Cragle, et al., 1988).

For all cancers combined at ORNL, the age-specific SMR (4.00) was elevated but was

not statistically significant for the age-band 50-54 (95% C.I. = 0.45,12.21). In addition, the

wide confidence interval coupled with such a small number of deaths (2.00 observed versus

0.50 expected) made any interpretation of the finding questionable at best The SMRs for

all cancers in the ORNL salaried group for the age-bands 55-59,60-64,65-69,70-74, and 75-

79 varied between 0.37 and 0.98 for different age-groups, with an overall SMR of 0.77 (37

observed, 42.2 expected; 95% C.I. = 0.54,1.06) for persons aged 50-85 and older. In these

age-bands, no strong upward or downward trend was apparent There were no mortality

observations in the age-band 80-84; 1.4 deaths were expected. The SMR for age-band 85 and
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older was elevated. However, this nonsignificant elevation (SMR = 8.33) was based on one

observed death and 0.12 expected deaths.

For all cancers at ORGDP, the age-speciGc SMRs were elevated for the age-bands

50-54 and 55-59. In these age-bands SMRs were based on one observed death versus 036

expected deaths and three observed deaths versus 2.31 expected deaths, respectively. None

of these deaths was statistically significant The subsequent age-bands of 60-64,65-69, 70-74,

and 75-79 had an overall SMR of 0.79 (36.0 observed, 453 expected; 75% C.L = 0.55,1.09),

with SMRs that varied between 0.58 and 0.91 for the ORGDP salaried group. No strong

upward or downward trend was apparent. The SMR for persons aged 80-84 (3.00 observed,

1.95 expected; 95% C.I. = 0.31, 4.22) was slightly elevated. There were no mortality

observations in the 85 and older age-band, and only 0.38 deaths were expected in this group.

There were no statistically significant elevations or decrements in any age-band for the

ORGDP salaried group.

The Y-12 salaried group's age-specific SMR for all cancers combined was

nonsignificantly elevated for the age-band 55-59 (SMR = 2.67; 95% C.I. = 0.73, 6.67). The

SMR for all cancers in the age-band 55-59 was greater than, but not statistically different

from, 1.00. However, a statistically significant increase in the number of cancer deaths was

noted in the age-band 60-64 (SMR = 2.11; 95% C.I. = 1.09, 3.66) for the Y-12 salaried

group. The significant excess in mortality for all cancers combined in this age-band was based

on 12.00 observed deaths versus 5.71 expected deaths. Because of the methodology used in

this study, retirees who died in this age-band were those who had left the Oak Ridge facilities

prior to the normal retirement age of 65. No statistically significant deviations fi"om the

expected values were observed in the Y-12 salaried group for all cancers in age-bands 65-69,
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70-74,75-79, and 80-84. There were no observations in cancer mortality for the age-band 85

and older.

For all cancers at ORNL and ORGDP, there were fewer than expected overall

observed deaths in the retired salaried groups. The overall deficit findings at ORNL

(SMR = 0.77, 95% CI. = 0.54, 1.06) and ORGDP (SMR = 0.80, 95% C.I. = 0J5, 1.11)

were based on rates for white American males (see Table 12). Relative mortality deficits for

ORNL in age-bands 50-59 and 70-85, and older, and for ORGDP in age-bands 50-54 and 60-

79 were the major contributors to the overall lowered mortality levels in those two

populations. These findings demonstrate a high degree of consistency with the frequently

reported HWE (Checkoway, et al., 1985). However, in the Y-12 retired salaried group the

overall number of deaths observed from all causes combined was essentially the same as the

number of deaths expected (SMR = 1.00). As shown in Table 12, the overall excess in

cancer mortality was principally caused by an elevated number of deaths in the 55-59 and 60-

64 age-bands. The elevation in the number of cancer deaths in these age-bands was also the

key contributor for the HWE not being seen in the overall all causes combined category for

the retired Y-12 male salaried population.

Cardiovascular (ICD8 = 390-413) and cerebrovascular diseases (ICD8 = 430-438)

were combined to create a new study variable: diseases of the circulatory system (ICD8 =

390-458). The use of this new variable increased the sample size within the facilities under

investigation when they were compared to the U.S. population.

The mortality results for diseases of the circulatory system in the ORNL salaried male

group showed the SMRs to be as expected for the age-bands 55-59 (SMR = 1.30; 95%

C.I. = 0.52, 2.64) and 60-64 (SMR = 1.07; 95% C.I. = 0.61, 1.73). There were no mortality

observations in the age-band 50-54. The proceeding age-baiKls 65-69 (SMR = 0.91; 95%
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C.I. = 0.62, 1.28), 70-74 (SMR = 0.75; 95% CI. = 0.47, 1.15), 75-79 (SMR = 0.82; 95%

C.I. = 0.41, 1.44), and 80-84 (SMR = 0.91; 95% CL = 0.25, 225) had an overaU SMR of

0.89 (92.00 observed, 103.15 expected) and contained SMRs that varied between 0.75 and

0.91 for the ORNL salaried group. Deficits were noted for each one of these ORNL age-

bands; however, there was no strong upward or downward trend apparent. The SMR for

persons 85 and older (one death observed, 0.59 deaths expected) was slightly elevated. There

were no statistically significant elevations or decrements in any age-band for the ORNL

salaried group.

The number of deaths due to diseases of the circulatory system in the ORGDP

salaried group for the age-bands 50-54 (1.00 death observed, 0.85 deaths expected), 55-59

(SMR = 1.46; 95% C.I. = 0.59, 2.97), and 60-64 (SMR = 1.41; 95% C.I. = 0.85, Z20) were

slightly, but nonsignificantly, elevated. Relative mortality deficits were seen in age-bands 65-

69 (SMR = 0.88; 95% C.I. = 0.59, 1.27) and 70-74 (SMR = 0.86; 95% C.I. = 0.55, 1.28).

There were nonsignificant excesses in the number of deaths due to diseases of the circulatory

system in age-bands 75-79 (SMR = 1.23; 95% C.I. = 0.73, 1.95) and 85 and older (95%

C.I. = 0.37,1.67) for the ORGDP salaried group. The SMR for age-band 80-84 (SMR =

1.67; 95% CI. = 0.35, 2.03) was as expected.

At Y-12 there were no observations of mortality from diseases of the circulatory

system for the salaried age-band 50-54. For age-bands 55-59 (SMR = 1.00; 95% C.L = 0.20,

2.72) and 60-64 (SMR = 1.25; 95% C.I. = 0.69, 2.10) SMRs were as expected. A deficit

trend was noted for the proceeding age-bands of 65-69 (SMR = 0.72; 95% CI. = 0.45,1.07),

70-74 (SMR = 0.75; 95% CI. = 0.46,1.16), and 80-84 (SMR = 0.22; 1.00 deaths observed

versus 4.57 expected). A significant decrease was exhibited in the salaried age-group 75-79

at Y-12 (SMR = 0.43; 95% CI. = 0.16, 0.93). The significant deficit in mortality firom
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circulatory diseases was based on 6.00 observed deaths versus 13.86 expected. The SMR for

the age-band 85 and older was as expected (SMR = 1.11; 1.00 deaths observed versus 0.89

expected).

In general, the mortality experience of the salaried white male populations of ORNL

and ORGDP for circulatory diseases was as expected when compared to a similar segment

of the U.S. population. Usually, SMRs for circulatory diseases in working populations are

usually less than 1.00 (Dupree, et al., 1987), but tend to approach or exceed 1.00 as a

population ages. Accordingly, it was not very surprising to find the slightly elevated SMR

(1.05) within the ORGDP salaried population. Unlike the ORGDP salaried male population,

the overall SMR (0.73) for circulatory diseases in the Y-12 salaried male population was

significantly less than 1.00.

No clear explanation could be ascertained for the significant deficit of mortality fî om

circulatory diseases in the Y-12 salaried male population. Primarily, it was believed that the

favorable mortality rates from circulatory diseases among salaried males across all sites is

attributable to the selection of healthy salaried males at the date of first hire.

Generalizations Regarding the Mortality Experience
of the Salaried Male Qjhorts at the Three
Separate Sites and Hvpotheses Outcomes

As a result of the examination of all causes and the two broad selected causes of

death at each DOE facility under investigation, the following generalizations were made

regarding the male salaried groups' mortality experience when each facility was compared

separately to the U.S. white male population:

ORNL

1. The ORNL salaried male group experienced mortality lower than the general

U.S. population for all causes and diseases of the circulatory system between the
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ages 65-84.

2. The ORNL salaried male group experieuced mortality lower than the general

U.S. population for all cancers between the ages 55-79.

3. No statistically significant excess in mortality was found in any retirement age-

band for the ORNL salaried male group.

4. These findings were consistent with the previous reports of the HWR

ORGDP

1. The ORGDP salaried male group experienced slight and nonstatistically

significant excesses in mortality relative to the general U.S. population for all

causes, all cancers, and diseases of the circulatory system between the ages 50-

59.

2. The ORGDP salaried male group experienced mortality lower than the general

U.S. population for all causes combined, all cancers combined, and diseases of

the circulatory system between the ages 65-74. Once again, this finding was

consistent with the HWE.

3. The overall mortality experience of the ORGDP salaried male cohort was as

expected.

Y-12

1. When compared to the U.S. population, the salaried male group from Y-12

exhibited significantly elevated mortality for all causes combined and all cancers

combined between the ages 60-64.

2. The salaried male group from Y-12 experienced mortality lower than the

general U.S. population for all causes combined, all cancers combined, and
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diseases of the drculatoiy system between the ages 65-69. The lower than

expected mortality deficit trend continued in this group for all causes and

diseases of the circulatory system for ages 70-79. These findings indicated the

presence of a HWE

3. The overall mortality experience of the Y-12 salaried male cohort was as

expected.

These findings support null hypothesis-1 (there will be no differences in survivorship

and mortality experience for white collar retirees of ORNL, ORGDP, or Y-12 when

compared individually to the U.S. for all causes, diabetes, aU respiratory diseases, diseases of

the digestive system, cirrhosis of the liver, genito-urinary diseases, accidents, and suicide). As

indicated in the data generated from the Mortality Analysis System (MAS), there is very

strong evidence that overall death rates among the three white collar male groups were

comparable and, in some age-specific cases, better than that of the general population. These

findings support the postulation that the HWE continues into post retirement.

Further evidence relative to carry-over in the HWE is demonstrated by the rejection

of alternative hvpothesis-1 (excess in death rates will be seen for white collar male retirees

of ORNL, ORGDP, and Y-12 when compared individually to the U.S. for all cancers and

circulatory diseases [i.e., cardiovascular and cerebrovascular diseases combined]). Taking into

consideration the very nature of the work at the DOE-Oak Ridge facilities and the potential

for elevated hypertension, one would expect death rates from the aforementioned causes to

be slightly higher than that of the general population. However, the rejection of alternative

hypothesis-1 provides further evidence that the HWE was exhibited by the white collar male

retirees following their separation from any one of the three government facilities under
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investigation. Possible explanations for the lower-tban-expected death rates in the white

collar male cohort are discussed later in this chapter.

General Analyses of the Hourly Male Cohort bv Facility

This phase of the male analyses involved the investigation of all and selected causes

of death among hourly male retirees at ORNL, ORGDP, and Y-12. As hypothesized in

Chapter I, it was expected that no differences would be found in the survivorship and

mortality experience of male hourly retirees at the DOE-Oak Ridge facilities when compared

separately with the U.S. population for all causes, all respiratory diseases, diabetes, diseases

of the digestive system, cirrhosis of the liver, genito-urinary diseases, accidents, and suicide.

Conversely, it was also hypothesized that all cancers and diseases of the circulatory system

(i.e., cardiovascular and cerebrovascular diseases combined) in the hourly cohort would be

elevated when compared to the general U.S. populatiorL

The selected ten causes of hourly retiree death were confined to SMR analyses for

all cancers (292 observed) and diseases of the circulatory system (532 observed) when

examined by age of death. These causes of death comprised 76% of the all causes category

(1,083 observed) in the cohort. The total frequency of deaths in the hourly population by

facility is shown in Figure 7.

The male hourly retiree group contained 2,476 retirees (ORNL, 449; ORGDP, 813;

and Y-12, 1,214), with 1,083 observed deaths. Death certificates were retrieved for 1,074

(99.2%) of these observed deaths, and 22 (2.0%) were lost to follow-up. Further analyses

were performed on each facility to investigate age-specific SMRs for all and selected causes

of death.
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Table 13 presents the age-specific SMRs firom all and selected causes of death and

the number of person-years of observation for the hourly retiree data by 5-year age-groups

at each facility. For the 50-59 age-group, the number of person-years and observed deaths

was large enough to provide statistically interpretable data. However, at ORNL there were

substantially fewer person-years in the 50-54 age-band and in the 85 and older age-band than

in the other age-groups. In addition, each 5-year interval was distributed in a time-dependent

manner such that a retiree in the 60-64 age-band contributed person-years to the two

categories through which he passed until he was eligible to enter the 60-64 age-band. As a

result, the hourly male group's sample size (24,423.4 person-years for the total male hourly

cohort = 4,473.7 person-years for the ORNL population + 8,601.4 person-years for the

ORGDP population + 11,348.3 person-years for the Y-12 population) and a 29-year average

observation period was adequate for reliable data interpretations.

The cause-specific SMRs for hourly retirees by facility relative to the U.S. white male

population for the years 1960 through 1984 are also shown in Table 13. Figure 7 provides

an enumerated summary of selected causes of death by facility for the hourly group. The

SMR of 1.09 (210 observed versus 192.8 expected) for all causes of death was as expected for

ORNL hourly retirees. The SMR of 1.06 (482 observed versus 453.1 expected) for all causes

was also as expected for the Y-12 male hourly retirees. However, the SMR of 1.17 (391

observed versus 333.9 expected; 95% C.I. = 1.06, 1.29) was significantly elevated for all

causes in the ORGDP male hourly retiree group.

Mortality was significantly elevated for all cancers combined in both the ORGDP (102

observed versus 77.86 expected; SMR = 1.31; 95% C.L = 1.06,1.29) and Y-12 (139 observed

versus 108.20 expected; SMR = 1.29; 95% C.L = 1.08,1.16) retired male hourly groups. The

small confidence limits found relays the numerical stability of these estimates.
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TABLE 13 (continued)

Person Years by Five-Year Age Groups for Hourly Retirees of ORNL, ORGDP,
and the Y-12 Plant.

Age ORNL ORGDP Y-12

Total

Person Years

50-54 78.9 304.4 252.0 635.3

55-59 289.9 955.9 944.0 2189.8

60-64 196.1 1885.6 2268.5 4950.8

65-69 1712.9 2888.0 4251.6 8852.5

70-74 1000.4 1710.9 2381.8 5093.1

75-79 425.2 657.1 939.9 2022.2

80-84 143.6 180.3 284.8 608.7

85+ 26.1 19.2 25.7 71.0

TOTALS 4473.7 8601.4 11348.3 24423.4
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Diseases of the circulatory system were the prime coutributors to the overall mortality

rates for blue collar retirees at both ORNL (SMR = 1.02; 95% C.I. = 0.83,1.23) and Y-12

(SMR = 0.96; 95% C.I. = 0.84, 1.09). It should be noted, however, that when examined

separately from other circulatory diseases, cerebrovascular diseases were significantly elevated

in the Y-12 group (45 observed versus 32.4 expected; 95% C.L = 1.01,1.86). Diseases of the

circulatory system (SMR = 1.04; 95% C.I. = 0.80, 1.20) were not a major contributor in

elevating the overall mortality rates of the ORGDP group.

The most noteworthy findings from the SMR analyses of the hourly groups were the

consistent associations in the results of the all cancers category in the ORGDP and the Y-12

populations. These patterns were clearly conveyed when age-specific SMRs were analyzed

within 5-year age-bands for ORGDP and Y-12 (see Table 13).

Age-Sr)ecific SMR Analvses of the Male Hourlv Cohort bv Facilitv

Table 13 displays the three principal contributors to mortality for hourly males by 5-

year intervals in age categories 50 to 85, and older. For all causes at ORNL, the age-specific

SMRs were as expected for all age-bands. Even though the age-band 50-54 had an SMR of

2.52 (95% C.I. = 0.28, 7.66), which was not significant, it represented only two observed

deaths versus 0.79 expected deaths. As a result, no statisticaUy significant instances of

elevated deaths for all causes were noted in the ORNL blue collar group.

The number of deaths due to all causes combined in the ORGDP blue collar group

for age-bands 50-54 (SMR = 3.37; 95% C.I. = 1.84, 6.20), 55-59 (SMR = 1.91; 95% C.I. =

1.30, 2.71), 60-64 (SMR = 1.40; 95% C.I. = 1.08, 1.78), and 70-74 (SMR = 1.22; 95% =

1.00,1.47) was significantly elevated when compared to the U.S. population. The significantly

elevated mortality trend began to abate at age-bands 65-69 (SMR = 0.99; 95% C.L = 0.81,

1.20), 75-79 (SMR = 0.97; 95% C.L = 0.72, 1.29), 80-84 (SMR = 1.05; 95% CL = 0.65,
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1.59), and 85 and older (SMR = 0.28; 1.00 deaths observed versus 3.55 expected). The

number of observed deaths in these particular age-bands was commensurate with the U.S.

population.

The Y-12 group was similar to the ORGDP group in terms of the increased number

of deaths due to all causes. For example, in the Y-12 blue collar group, the age-bands 50-54

(SMR = 3.85; 95% CL = 1.83, 7.00), 55-59 (SMR = 3J8; 95% C.L = 2.68, 4.67) and 60-64

(SMR = 1.69; 95% C.I. = 1.36, 2.08) were all significantly elevated. As in the ORGDP

group, the significantly elevated mortality trend began to decline at the 65-69 age-band

(SMR = 0.94; 95% C.I. = 0.79,1.10) and, therefore, began to approach the U.S. population

norm. The similarity in number of deaths due to all causes between Y-12 and ORGDP ended

at age-band 65-69. In fact, the Y-12 group experienced a mortality deficit for the remaining

age-bands of 70-74 (SMR = 0.83; 95% C.I. = 0.68,1.01), 75-79 (SMR = 0.73; 95% CL =

0.54,0.95), 80-84 (SMR = 0.95; 95% C.I. = 0.64,1.35), and 85 and older (SMR = 0.63; 95%

C.I. = 0.13, 1.73), with the deficit in the 75-79 age-band being statistically significant

The deficit mortality for the Y-12 group age-bands was consistent with the HWR

However, it was surprising to find that the age-band 75-79 had a statistically significant

mortality deficit. Because of the possible accumulative effects of latency from multivaried

sources such as smoking and chemical exposure, the mortality experience was expected to be

similar to that of the U.S. population for this age-band.

In general, the overall death rates from all causes across the facilities were higher than

expected. Relative mortality elevations for ORNL in hourly males aged 50-79 contributed

to the overall increase in the SMR value (1.09). However, none of the age-bands in the

ORNL hourly male group contained significantly elevated death rates. Conversely, both

ORGDP and Y-12 exhibited statistically significant mortality increases due to all causes
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combined in the blue collar population for the ages 50-64 (see Table 13).

The statistically significant increases for ages 50-64 and 70-74 proved to be the major

contributors to the overall significantly elevated SMR (1.17) in the ORGDP blue collar

population. However, the significantly elevated death rates in the Y-12 male blue collar

cohort for the ages 50-64 were stabilized by a significant deficit for all causes (age 75-79,

SMR = 0.73; 95% C.L = 0J4-O.95) in this population, resulting in a non-statistically

significant increase in the overall death rate (SMR = 1.06; 95% CI. = 0.97, 1,16). In this

study, SMR values for the blue collar male retirees across each DOE-Oak Ridge facility were

determined by using the U.S. population as the standard for comparison. The findings from

the analyses of these facilities suggest that there was no cany-over in the HWE for the blue

collar cohort

For all cancers at ORNL, the age-specific SMR was elevated for the age-band 50-54

(SMR = 5.00; 95% CI. = 0.08,1.70). This elevation was based on 1.00 death observed and

0.17 expected. Likewise, for the age-band 55-59 (SMR = 5.46; 95% C.I. = 1.96,11.47) the

number of deaths was statistically significant One should use caution when interpreting this

significantly elevated SMR (5.46) for the all cancers category in this age-band because it was

based only on 6.00 observed, versus 1.12 expected, cancer deaths. Such small numbers are

numerically unstable because of the wide confidence interval involved. All other age-bands

in the ORNL blue collar group demonstrated mortality rates similar to that of the general

population.

ORGDP age-specific SMRs for all cancers were significantly elevated for the age-

bands 50-54 (SMR = 6.06; 95% C.L = 1.62, 14.90), 55-59 (SMR = 2.50; 95% CI. = 1.13,

4.67), and 60-64 (SMR = 1.74; 95% CI. = 1.07,2.69). The findings for age-bands 50-54 and

55-59 were based on four and nine deaths observed versus 0.66 and 3.63 expected deaths.



%

respectively. There were no statistically significant elevations or decrements for all cancers

in the ORGDP group for the remaining age-bands 65-69, 70-74, 75-79, 80-84, and 85 and

older.

The all cancers category in the Y-12 blue collar group was similar to the ORGDP

hourly cohort because there were significantly elevated mortality patterns for ages 50 through

64. For example, SMRs for all cancers were significantly elevated for age-bands 50-54 (SMR

= 7.06; 95% C.L = 1.90, 17.46), 55-59 (SMR = 6.03; 95% CI. = 3.78, 9.11), and 60-64

(SMR = 2.15; 95% C.I. = 1.45, 3.07). These findings were based on four observed deaths

(0.57 expected), 22 observed deaths (3.65 expected), and 30 observed deaths (13.95 expected),

respectively. The significant excess in mortality declined and began to appear similar to that

of the U.S. population in the age-band 65-69 (SMR = 0.99; 95% C.I. = 0.70, 136). No

statistically significant deviations from the expected values were observed in the remaining

age-bands 70-74 (SMR = 0.83; 95% CI. = 0.54,1.23), 75-79 (SMR = 0.84; 95% C.L = 0.45,

1.43), 80-84 (SMR = 1.03; 95% CI. = 0.38, 2.22), and 85 and older (SMR = 1.66; 1.00

observed death versus 0.67 expected).

Table 13 contains information about the 292 cancer deaths which occurred among

hourly retirees of all facilities combined. The deaths are shown by 5-year age-bands to

demonstrate which hourly retirees in this study were at a potentially elevated risk of age-

specific mortality from cancer deaths. Statistically significant deviations from the overall

expected values were observed for all cancers in the ORGDP (SMR = 131; 95% CL = 1.06,

1.29) and Y-12 (SMR = 1.29; 95% CI. = 1.08, 1.16) blue collar male populations. The

number of cancer deaths in the ORNL blue collar male population was within the expected

range. Mortality from all cancers was primarily responsible for the higher-than-expected

SMRs in the all causes category across the three plant sites.



97

The mortality results for diseases of the circulatory system in the ORNL blue collar

group show the SMRs to be as expected for all age-bands; Le., 50-54 (SMR = 2.56; 1.00

observed death versus 0.39 expected), 55-59 (SMR = 0.44; 1.00 observed death versus 2.31

expected), 60-64 (SMR = 1.22; 95% C.I. = 036,2.12), 65-69 (SMR = 0.99; 95% C.I. = 0.68,

1.39), 70-74 (SMR = 1.03; 95% C.I. = 0.70, 1.47), 75-79 (SMR = 1.12; 95% C.L = 0.69,

1.71), 80-84 (SMR = 0.95; 95% CI. = 0.43, 1.79), and 85 and older (SMR = 0.33; 1.00

observed death versus 3.00 expected). The ORGDP blue collar group also contained SMRs

as expected for all age-bands for diseases of the circulatory system; i.e., 50-54 (SMR = 2.94;

95% C.I. = 0.94, 6.63), 55-59 (SMR = 1.65; 95% C.L = 0.90, 2.76), 60-64 (SMR = 0.94;

95% C.I. = 0.59, 1.40), 65-69 (SMR = 0.89; 95% C.I. = 0.66, 1.18), 70-74 (SMR = 1.18;

95% C.I. = 0.90, 1.53), 75-79 (SMR = 1.02; 95% C.L = 0.68, 1.46), 80-84 (SMR = 0.85;

95% C.I. = 0.41,1.55), and 85 and older (0.00 observations versus 0.08 expected). In general,

there were no strong upward or downward mortality trends apparent in either of the ORNL

or the ORGDP blue collar groups.

At Y-12, however, significantly elevated SMRs for diseases of the circulatory system

were seen for age-bands 50-54 (SMR = 3.90; 95% C.I. = 1.26, 8.90), 55-59 (SMR = 2.01;

95% C.I. = 1.12,3.30), and 60-64 (SMR = 1.45; 95% CI. = 1.03,1.97). These findings were

based on 5.00 observed deaths (1.28 expected), 15.00 observed deaths (7.48 expected), and

40.00 observed deaths (27.62 expected), respectively. Mortality from circulatory diseases were

below expected numbers for the remaining age-bands of 65-69 (SMR = 0.90; 95% C.I. =

0.70, 1.13), 70-74 (SMR = 0.76; 95% CI. = 037, 1.00), 75-79 (SMR = 0.82; 95% C.L =

0.56,1.15), 80-84 (SMR = 0.92; 95% CI. = 0.53,1.47), and 85 and older (SMR = 0.68; 95%

C.I. = 0.08, 2.06). A statistically significant deGcit of deaths was not found in the analysis of

circulatory diseases for the Y-12 blue collar group.
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In the analyses based on data of all hourly retirees, SMRs for circulatory diseases were

highest in the 50-54 age-band (see Table 13). Although there were some obvious fluctuations

of circulatory disease SMRs by age, the overall SMRs by plant were as expected.

Generalizations Regarding the Mortality Experience
of the Hourly Male Cohorts at the Three Separate
Sites and Hvpotheses Outcomes

Mortality among the hourly groups at each of the three plants was compared

separately with that of the U.S. population. The following generalizations were made

regarding the analyses of mortality experiences among each group for all causes and two

broad selected causes of death;

ORNL

1. The ORNL hourly male group's mortality experience for all causes combined and

circulatory diseases was similar to that of the U.S. population.

Z The ORNL hourly male group experienced statistically significant mortality from

all cancers in the age-band 55-59 (95% CL = 1.96,11.47). The wide confidence

interval and the small number of deaths (6.00 observed versus 1.12 expected)

from this cause made any specific interpretation of the finding difScult.

Nonetheless, this increases was investigated and will be discussed in more detail

later in this chapter.

3. There was no apparently HWE in the ORNL blue collar group as demonstrated

by the fact that the overall death rate for all causes was in excess of the

expected value.

ORGDP

1. When compared to a similar segment of the U.S. population, the hourly male

cohort from ORGDP exhibited statistically significant elevated mortality
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from all causes combined between the ages 50-64 and 70-74. The significantly

elevated SMRs were also present in this cohort for all cancers between the ages

50-64.

2. The significantly elevated mortality patterns in the ORGDP hourly cohort for

all causes combined and all cancers combined were strikingly similar to those of

the Y-12 hourly cohort for ages 50-64.

3. The SMRs for all causes combined and all cancers combined were never less

than unity.

4. The total number of deaths from all causes combined and all cancers combined

in the ORGDP group was significantly elevated when compared to a similar

segment of the general population.

5. Since no strong deficit mortality trend was found in the ORGDP hourly group,

one may suspect that the HWE was nullified by the long follow-up period 29

years).

Y-12

1. When compared to the U.S. population, the hourly male cohort fi-om Y-12

displayed statistically significant elevated mortality firom all causes combined

between the ages 50-64. The significantly elevated trend was also present in this

cohort for all cancers combined and all circulatory diseases combined between

the ages 50-64.

2. The significantly elevated mortality patterns in the Y-12 hourly cohort for all

causes and all cancers were remarkably similar to those of the ORGDP hourly

cohort for ages 50-64.
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3. A strong deficit mortality trend was apparent in the Y-12 hourly cohort for all

causes and circulatory diseases combined between the ages 65-85, and older.

SMRs for ages 65-85 and older were consistently less than unity for all causes

combined and circulatory diseases. These findings tend to indicate the presence

ofaHWE

4. When compared to the U.S. population, the Y-12 hourly population showed

significantly lower mortality (52 observed versus 71.74 expected) for all causes

combined between the ages 75-79.

5. When compared to the U.S. population, the Y-12 hourly population exhibited

a statistically significant excess in mortality for the aU cancers category.

The mortality outcomes for the hourly male cohort reject null hvDothesis-2 (there will

be no differences in survivorship and mortality experience for blue collar retirees of ORNL,

ORGDP, or Y-12 when compared separately to the U.S. for all causes, diabetes, all

respiratory diseases, diseases of the digestive system, cirrhosis of the liver, genito-urinary

diseases, accidents, and suicide). The MAS used in this study showed SMRs at each facility

to be essentially as expected for cause-speciGc mortality and for aU causes combined at ORNL

and Y-12. There was a strong upward trend in death rates at each facility for those

individuals who retired before age 65. These findings indicate an absence of carry-over in the

HWE among early retirees (i.e., those who retired before age 65).

The acceptance of alternative hvPOtbesis-2 (excess in death rates will be seen in the

blue collar retirees when compared separately to the U.S. for all cancers and circulatory

diseases [i.e., cardiovascular and cerebrovascular diseases combined]) further strengthen the

postulation that death rates are impacted by socioeconomic status. These findings also

present strong evidence that early retirees (Le., before age 62) are at a significantly elevated
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risk of dying from all cancers. Possible explanations for the unexpected significantly high

death rate from all cancers and other slightly elevated specific causes are discussed later in

this chapter.

General Analyses of the Pooled Salaried Male Cohort

The third phase of the male analyses involved the investigation of mortality outcome

for all and selected causes of death among a single combined salaried male cohort from

ORNL, ORGDP, and Y-12 (see Table 14 for selected causes). As hypothesized in Chapter

I, it was expected that no differences would be found in the survivorship and mortality

experience of pooled salaried males retirees at the DOE-Oak Ridge facilities when compared

collectively with the U.S. population for all causes, all cancers, all respiratory diseases,

diabetes, cirrhosis of the liver, accidents, suicide, and genito-urinary diseases. However, it was

hypothesized that differences in survivorship and mortality would be seen as slightly elevated

SMRs in the pooled salaried male cohort when compared to the U.S. population for

circulatory diseases (i.e., cerebrovascular and cardiovascular diseases combined). Table 14 lists

by ICD8 category all causes and the ten selected causes that were investigated.

The ten select causes of death for the pooled salaried male retirees were confined to

analyses of SMRs for all cancers combined (124 observed) and all circulatory diseases

combined (267 observed) since they comprised 73% of deaths from all causes combined (537

observed) in the cohort. Table 15 gives the age-specific SMRs for all and selected causes and

the number of person-years of observation for the pooled salaried retired group by 5-year

age-bands. For the interval between 50-84, the number of person-years and the number of

observed deaths was large enough to provide reliable data. The age-band 85 and older had

substantially fewer person-years than the succeeding age-bands. Person-years for each 5-year
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TABLE 14

Specific Causes of Death Under Investigation According to ICD8 Code

Cause of Death ICD8 Code Numbers

All Causes

Cancers

Diabetes

Cardiovascular Diseases

Cerebrovascular Diseases

Respiratory Diseases
Digestive System Diseases
Cirrhosis of the Liver

Genito-Urinary Diseases
Accidents

Suicides

001-998

140-209

250

390-413

430-438

460-519

520-577

571

580-629

800-949

950-959
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age-band were distributed in a time-dependent maimer such as was performed in the previous

phases of these analyses. Hence, by using this method 15,048.3 total person-years were

accrued by pooling the salaried population.

Table 15 also shows the cause-specific SMRs for pooled salaried retirees relative to

the U.S. white male population for the years 1960 through 1984. The overall SMR for all

causes in the pooled salaried group was lower than expected (537 observed versus 556.19

expected; 95% CI. = 0.89,1.05). A lower than expected number of deaths was ako seen in

the all cancers combined (124 observed versus 135.23 expected; 95% C.I. = 0.76, 1.09) and

circulatory diseases (267 observed versus 298.28 expected; 95% CI. = 0.79,1.01) categories.

Although there were significant deficits of mortality due to all causes combined among the

retired salaried workers in the 65-69 and 70-74 age-bands and there was a statistically

significant increase in the 60-64 age-band, the lower-than-cxpected mortality was not

significant in any of these categories.

Age-Specific SMR Analyses of the Pooled Salaried Male Qjhort

The pooled salaried male population contained 1,581 retirees, of which 537 were

observed to be dead. Death certificates were retrieved for 534 (99.4%) of these observed

deaths, and 12 (0.8%) were lost to follow-up. An analysis was performed on the pooled

salaried population to investigate age-specific SMRs for ail and selected causes.

Table 15 displays the three principal contributors to mortality in the pooled salaried

male data by 5-year age-bands for ages 50-85, and older. For all causes in the pooled white

collar population, the age-specific SMRs were slightly elevated for the age-bands 50-54

(SMR = 1.84; 95% C.I. = 0.84, 3.49) and 55-59 (SMR = 1.18; 95% C.I. = 0.80, 1.68). The

number of deaths due to all causes in the pooled white collar population for the age-band 60-

64 (SMR = 1.42; 95% CL = 1.17,1.72) was significantly elevated. The Y-12 salaried male
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cohort proved to be a major contributor to the significant excess in mortality for the pooled

white collar group in the age-band 60-64.

When all three facilities were examined collectively as a pooled salaried group, there

was a statistically significant deficit in the number of deaths for the age-bands 65-69

(SMR = 0.86; 95% C.L = 0.73,0.99) and 70-74 (SMR = 0.81; 95% C.I. = 0.68,0.97). This

finding is noteworthy because when the facilities were investigated singularly no significant

deficit in SMRs was present in any salaried group for the age-bands 65-69 and 70-74. Hence,

this finding supports the idea that, within the post retirement age-band 65-74, the healthy

worker selection process still operated. The remaining age-bands 75-79 (SMR = 0.91; 95%

C.I. = 0.71, 1.15), 80-84 (SMR = 0.99; 95% CL = 0.65, 1.46), and 85 and older (SMR =

1.34; 95% C.I. = 0.54, 175) for all causes basically demonstrated a steady decline in the

HWE, and the mortality characteristics of these age-bands increasingly began to resemble

those of the general population.

For all cancers within the pooled salaried male cohort, the age-specific SMR was

elevated for the age-band 50-54 (SMR = 2.84). However, the excess was based on 3.00

observed deaths and 1.06 expected deaths, making any meaningful interpretation of the

finding difficult. The SMRs for the age-bands 55-59 (SMR = 1.23; 95% C.I. = 0.53,143)

and 60-64 (SMR = 1.14; 95% C.I. = 0.72,1.70) were as expected. The succeeding age-bands

65-69 (SMR = 0.85; 95% C.I. = 0.61,1.15), 70-74 (SMR = 0.81; 95% C.I. = 0.54,1.15), and

75-79 (SMR = 0.80; 95% C.I, = 0.43, 1.37) for all cancers exhibited lower-than-expected

mortality when compared to a similar segment of the U.S. population.

The mortality deficit for these age-bands was mainly attributed to the lower-than-

expected number of deaths for ages 65-79 at ORNL and ORGDP. This deficit finding

provides further evidence of the carry-over of the HWE in post-retirement years. The
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mortality rates of the remaining age-bands 80-84 (SMR = 1.05; 5.00 observed deaths versus

4.76 expected) and 85 and older (SMR = 1.48; 1.00 observed death versus 0.68 expected)

demonstrated that, as the cohort aged, it increasingly came to resemble the general

population in its health status characteristics.

The mortality results for diseases of the circulatory system in the pooled salaried males

were fairly consistent with the previous findings for this cohort The SMR for the age-band

50-54 (SMR = 1.09; 95% C.L = 0.01, 2.31) in the circulatory diseases category exhibited a

deGcit The deCcit, however, was based on 1.00 observed death and 2.41 expected.

Therefore, such small numbers made any meaningful interpretation difGcult. SMRs were as

expected for the age-bands 55-59 (SMR = 1.09; 95% CL = 0.75, 2.06) and 60-64 (SMR =

1.24; 95% C.I. = 0.92, 1.64). The succeeding age-bands 65-69 (SMR = 0.84; 95% C.I. =

0.67, 1.04), 70-74 (SMR = 0.79; 95% C.I. = 0.61, 1.01), 75-79 (SMR = 0.83; 95% C.I. =

0.52,1.16), and 80-84 (SMR = 0.72; 95% C.I. = 0.36,1.29) for circulatory diseases displayed

a lower-than-expected number of deaths. Similar deGcits were seen across these age-bands

when each site was investigated singularly. More importantly, these findings show that the

HWE actively operated in the pooled salaried cohort for ages 65-84.

Generalizations Regarding the Mortality Experience of the
Pooled Salaried Male Cohort and Hvt)otheses Outcomes

The mortality experience among the pooled salaried male cohort was compared to a

similar segment of the U.S. population. Analyses of this comparison were performed for all

and two broad selected causes of death by 5-year age intervals. The resulting generalizations

were made regarding these analyses:

1. There was a consistent deGcit pattern in mortality for all causes, all cancers, and

circulatory disease in the pooled salaried male cohort between the ages 65-74.
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2. The pooled salaried group exhibited lower than expected overall mortality for

all causes, all cancers, and circulatory diseases when compared to a similar

segment of the U.S. population.

3. The statistically signiGcant mortality rate for all causes in the pooled salaried

male cohort for the age-band 60-64 was principally attributed to a signiGcant

excess for all causes in a similar group at Y-12.

4. Statistically signiGcant deGcits for all causes in the pooled salaried male cohort

for ages 65-74 provided strong evidence that an active carry-over in the HWE

was present during those post-retirement years.

These Gndings support null hvpothesis-3 (there will be no differences in survivorship

and mortality experience for the combined salaried male population from ORNL, ORGDP,

and Y-12 when compared to the U.S. for all causes, all cancers, diabetes, all respiratory

diseases, diseases of the digestive system, cirrhosis of the liver, genitor-urinary diseases,

accidents, and suicide). Overall deGcit SMRs in the diseases investigated provided strong

support that the death rate for salaried male retirees is generally lower than the U.S.

population. It is postulated by this researcher that the low death rates in the white collar

male population can primarily be attributed to carry-over in the HWE.

Alternative hviX)thesis-3 was rejected (excess in the death rates will be seen for the

combined salaried male population at ORNL, ORGDP, and Y-12 when compared to the U.S.

for all circulatory diseases [i.e., cardiovascular and cerebrovascular diseases combined]). The

lower-than-expected death rates in the combined salaried male population provides additional

evidence that the HWE actively continues in post retirement
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General Analyses of the Pooled Hourly Cohort

The fourth phase of the male analyses involved the investigation of mortality outcome

for all and selected causes of death among a single combined hourly male cohort from ORNL,

ORGDP, and Y-12. As hypothesized in Chapter I, it was expected that no differences would

be found in the survivorship and mortality experience of pooled hourly male retirees at the

these government facilities when they were compared collectively with the U.S. population

for diabetes, all respiratory diseases, cirrhosis of the liver, accidents, suicide, and genito

urinary diseases. However, it was expected that differences in survivorship and mortality

would be seen as elevated SMRs in the pooled hourly cohort when compared to the U.S.

population for all causes, all cancers, and circulatory diseases (i.e., cerebrovascular and

cardiovascular diseases combined). Table 14 shows by ICD8 category all causes and the ten

selected causes that have been investigated.

The investigation of the ten selected causes of death for the pooled hourly male

retirees was confined to analyses of SMRs for all cancers (292 observed) and circulatory

diseases (532 observed) since they comprised 76% of the deaths from all causes (1,083

observed) in the cohort. The age-specific SMRs for all and selected causes and the number

of person-years of observation are shown in Table 16 for the pooled hourly retired group by

5-year age-bands. For the intervals between ages 50-84, the number of person-years and the

number of observed deaths were large enough to provide reliable data. The age-band 85 and

older had substantially fewer person-years than the succeeding age-bands. Person-years for

each 5-year age-band were distributed in a time-dependent manner such as performed in

the previous phases of these analyses. Thus, by using this method 24,420.3 total person-years

were accrued by pooling the hourly population.
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Table 16 also shows the cause-specific SMRs for pooled hourly retirees relative to the

U.S. white male population for the years 1960 through 1984. The overall SMR for all causes

in the pooled hourly groups was significantly elevated (1,083.00 observed versus 979.81

expected; 95% C.I. = 1.04, 1.17). The overaU SMR for the all cancers category was also

significantly elevated (292.00 observed versus 230.50 expected; 95% C.I. = 1.13, 1.42);

whereas the circulatory diseases category (532.00 observed versus 533.79 exported; 95%

C.I. = 0.91, 1.09) exhibited an SMR (1.00) that was more in line with that of the general

population. It should be noted that, in the pooled hourly cohort, the overall SMRs for all

and selected causes of death were never less than unity.

Ape-Specific SMR Analysis of the Pooled Hourlv Male Cohort

The pooled hourly male population contained 2,476 retirees with 1,083 observed

deaths. Death certificates were retrieved for 1,074 (99.2%) of these observed deaths, and 22

(0.9%) were lost to follow-up. An analysis was performed on the pooled hourly population

to investigate age-specific SMRs for all and selected causes.

Table 16 displays the three principal contributors to mortality in the pooled hourly

male data by 5-year age-bands for ages 50-85, and older. For all causes in the pooled blue

collar population, the age-specific SMRs were significantly elevated in age-bands 50-54

(SMR = 3.54; 95% C.I. = 2.27,5.27), 55-59 (SMR = 2.61; 95% C.I. = 2.11, 3.20), and 60-64

(SMR = 1.48; 95% C.I. = 1.27,1.72). The mortality pattern in these age-bands was generally

similar to the mortality patterns exhibited in the individual analyses of the ORGDP and Y-12

blue collar populations. The remaining age-bands (65-85 and older) for all causes combined

had SMRs which ranged from 0.61 to 1.01; however, there were no statistically significant

elevations or decrements for the remaining age-bands within the pooled hourly group for the

all causes category.
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In the all cancers combined category the age-band 50-54 exhibited an elevated SMR

(6.43). The elevation in this particular age-band was based on 9.00 observed deaths versus

1.40 expected. The two succeeding age-bands 55-59 (SMR = 4.40; 95% C.I. = 3.10, 6.07)

and 60-64 (SMR = 1.82; 95% C.I. = 1.37, 2.36) were both significantly elevated. The

significant excess in mortality within the pooled blue collar group was principally attributed

to the high number of deaths within the ORGDP and Y-12 populations for ages 55-64. The

remaining age-bands (65-85 and older) for all cancers had SMRs which ranged from 0.81 to

1.17. Here again, no statistically significant elevations or decrements were seen in the

remaining age-bands for the all cancers category.

Analyses in which SMRs were computed by 5-year age-bands were also performed for

circulatory diseases. In the age-bands 50-54 (SMR = 3.24; 95% C.I. = 1.62, 5.80) and 55-59

(SMR = 1.64; 95% C.I. = 1.11, 2.34) mortality from circulatory diseases was significantly

elevated. Mortality was as expected for the succeeding age-bands between 60-84. The low

SMR (037) in the 85 and older age-band was based on 3.00 observed deaths versus 8.16

expected deaths. No significant deficits for circulatory diseases were shown in this analysis

of the pooled blue collar population.

Generalizations Regarding the Mortality Experience of
the Pooled Hourly Male Cohort and Hvootheses Outcomes

The mortality experience within the pooled hourly male cohort was compared to a

similar segment of the U.S. population. Analyses of that comparison were performed for all

and two broad select causes of death by 5-year age intervals. The resulting generalizations

were made regarding these analyses:

1. There was a regular pattern of significantly increased mortality for all causes, all

cancers, and circulatory diseases within the age-bands 50-64 for pooled blue
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collar retirees. The statistically significant increase in mortality within the

aforementioned age-bands was principally attributed to similar significantly

elevated deaths as those seen in individual analyses of the ORGDP and Y-12

hourly populations.

2. Overall SMRs for causes of death under investigation were never less than unity.

In fact, the overall SMRs for the pooled blue collar population was significantly

increased for all causes and all cancers.

3. There was no apparent HWE in the pooled blue collar population.

Null hvpothesis-4 (there will be no differences in survivorship and morality experience

for the combined hourly male populations of ORNL, ORGDP, and Y-12 when compared to

the U.S. for diabetes, all respiratory diseases, cirrhosis of the liver, genito-urinaiy diseases,

accidents, and suicide) was accepted. No strong upward or downward trend in mortality was

evident The number of deaths observed from these causes was generally as expected.

However, the acceptance of alternative hvDothesis-4 (excess in death rates will be seen

for the combined hourly populations of ORNL, ORGDP, and Y-12 when compared to the

U.S. for all causes, all cancers, circulatory diseases [i.e., cardiovascular and cerebrovascular

diseases combined], and diseases of the digestive system) provides further support to the

notion that one's longevity is strongly associated with one's socioeconomic status. These data

also show that early blue collar male retirees (Le., before age 65) are at a more elevated

mortality risk than those who terminate employment after age 65.

Analyses of the Direct Comparison of the Standardized Male Pooled
White Collar Population to the Male Pooled Blue Collar Population

The fifth and final phase of the male retiree analyses involved the investigation of

mortality outcome for all and selected causes of death within a single combined blue collar
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cohort from ORNL, ORGDP, and Y-12. The major difference in this analysis from previous

analyses was that the pooled white collar retirees from the same facilities were used as the

standard for the comparison. It was hypothesized in Chapter I that such a comparison would

produce elevated SMRs in the blue collar population. It was further hypothesized that

mortality gradients would be more elevated in the age-bands 50-74. This analysis was limited

to the investigation of all causes, all cancers, and diseases of the circulatory system since they

comprised the vast majority of deaths in both the white and blue collar populations. The

following age-band formula was used to convert the white collar cohort into a standardized

population:

Observed White Collar

Standardized Group = Person-Years White CoUar X Person-Years
Blue Collar

= Expected Blue CoUar (based on white collar)

= Observed Blue Collar (based on standardized
Expected Blue Collar blue collar)

Table 17 shows the cause-specific SMRs for pooled blue collar male retirees relative

to the standardized white collar retired male population for the years 1960 through 1984.

The overall SMR (1.24) for all causes in the pooled blue collar group (95% C.I. = 1.17,1.32)

was significantly elevated. A significant excess in overall mortality was also seen for both the

all cancers (SMR = 1.45; 95% C.L = 1.29,1.63) and circulatory diseases (SMR = 1.23; 95%

CL = 1.13,1.34) categories.

Ape-Specific SMR Analyses of the Pooled Blue Collar Male Population

Table 17 displays the three principal contributors to mortality for the pooled blue

collar male cohort by 5-year age-bands for ages 50 to 85, and older. For all causes in the

pooled blue collar group the age-specific SMRs were significantly elevated in age-bands 50-54
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(SMR = 1.99; 95% CI. = 1.28, 2.%), 55-60 (SMR = 230; 95% C.I. = 1.86, 182), 65-69

(SMR = 1.16; 95% C.I. = 1.04, 1.30), and 70-74 (SMR = 1.26; 95% C.L = 1.11, 1.42).

These results were generally similar to what has been seen in the blue collar cohort

throughout this study. The remaining age-bands 60-64 (SMR = 1.07; 95% C.L = 0.92,1.24),

75-79 (SMR = 0.97; 95% C.I. = 0.82,1.15), and 80-84 (SMR = 0.99; 95% CL = 0.77,1.26)

exhibited mortality consistent with standardized values. However, the 85 and older age-band

(SMR = 0.46; 95% C.L = 0.20, 0.89) showed a significantly decreased SMR (0.46) in the all

causes category. The significant deficit was based on 8.00 observed deaths, versus 17.57

expected. Little inference could be made regarding this finding since no other consistent

association emerged from this deficit

Mortality rates were significantly elevated for all cancers in the age-bands 50-54

(SMR = 2.24; 95% CI. = 1.02, 4.23), 55-59 (SMR = 335; 95% CI. = 2.50, 4.89), 60-64

(SMR = 139; 95% CI. = 1.20, 108), and 65-69 (SMR = 1.31; 95% CI. = 1.05, 1.61).

Caution must be used when interpreting the statistical significance of the finding associated

with the age-band 50-54. The excess mortality was based on 9.00 observed deaths versus 4.01

expected deaths. SMRs for the age-bands 70-74 (SMR = 1.16; 95% CI. = 0.88,130) and

75-79 (SMR = 1.16; 95% CI. = 0.79, 1.65) were representative of the standardized group.

The two remaining age-bands 80-84 (SMR = 0.77; 95% CL = 0.37, 1.41) and 85 and older

(SMR = 0.80; 95% C.L = 0.09, 143) exhibited deficit SMRs. However, only limited

inferences, if any, can be drawn regarding these deficits due to the fact that no consistent

associations with the previous age-bands emerged.

Mortality from circulatory diseases did not follow the significant excess death pattern

that was seen in the all causes and all cancers categories. Moreover, SMRs were significantly
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elevated only in the 50-54 (SMR = 8.22; 95% C.I. = 4.10, 14.65) and 70-74 (SMR = 1.24;

95% C.I. = 1.04, 1.24) age-bands.

Here again, the number of deaths observed (11.00) versus the number of deaths

expected (1.34) was considered by this researcher not to be suCGcient enough to provide

adequate statistical power. Other age-bands 55-59 (SMR = 136; 95% C.I. = 0.91,1.93), 60-

64 (SMR = 1.02; 95% C.I. = 0.82,1.28), 65-69 (SMR = 1.12; 95% C.I. = 0.95, 131), 75-79

(SMR = 1.16; 95% C.L = 0.92, 1.43), and 80-84 (SMR = 136; 95% C.L = 0.88, 1.74)

exhibited mortality consistent with standardized values. Only in one instance were SMRs less

than unity for circulatory diseases. In fact, the SMR (0.24) for the age-band 85 and older

(95% C.I. = 0.05, 0.65) was signiGcantly low. However, the signiGcant deGcit was based on

3.00 observed deaths versus 12.55 expected.

Generalizations Regarding the Mortality Experience of
the Pooled Blue Collar Male Population When Directly
Compared to a Pooled Standardized White Collar Male
Population and Hvmotheses Outcomes

1. A consistent pattern of elevated mortality emerged from the results of SMR

analyses for all causes combined and all cancers combined within the 50-69 age-

groups.

2. Mortality for all causes combined and circulatory diseases was signiGcantly higher

than the standardized values.

3. The total overall mortality within the blue collar population was signiGcantly

elevated for all causes combined, all cancers combined, and circulatory diseases

when compared to a standardized white collar population (see Table 17).

4. There was no apparent HWE in the pooled blue collar population when it is

compared to the standardized white collar population.



117

Null hvDOthesis-5 (there will be no differences in survivorship and mortality experience

for the combined hourly male populations from ORNL, ORGDP, and Y-12 when compared

to a standardized white collar population from the same facilities for diabetes, all respiratory

diseases, cirrhosis of the liver, genito-urinary diseases, accidents, and suicide) was accepted.

The number of deaths observed from these causes was generally as expected.

The acceptance of alternative hvpothesis-5 (excess in death rates will be seen for the

combined hourly populations of ORNL, ORGDP, and Y-12 when compared to a standardized

white collar population from the same facilities for all causes, all cancers, circulatory diseases

[i.e., cardiovascular and cerebrovascular diseases combined], and diseases of the digestive

system) is consistent with the previous male findings in this study; that is, socioeconomic status

has a profound impact on male longevity in this study population.

Discussion

This portion of the retrospective cohort study descnbed the mortality experience of

white males who retired from government facilities in Oak Ridge, Tennessee between 1960

and 1979. This study of retirees presented a problem that b common to most retiree studies,

i.e., the effect of small sample size. Although an attempt was made to increase the sample

size by pooling the plant-specific subcohorts and separating the combined populations into

blue collar (hourly) and white collar (salaried) groups, one must be aware that there b always

a risk of diluting significant Gndings among subgroups whenever cohorts are pooled.

It has been demonstrated in other cohort studies that mortality patterns can vary

among people of different economic classes (Kilpatrick, 1%3; Antonovsky, 1967; and Nagi

and Stockwell, 1973). Moreover, the higher the socioeconomic status, the lower the general

overall mortality (Wen, Tsai, and Gibson, 1983). If socioeconomic status b a powerful
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determinant of mortality and significantly contributes to the HWE during one's employment

years, then it stands to reason that a carry-over in this improved health status should last for

some duration in one's post-retirement years.

Salaried Male Population

The results of this investigation indicate that the overall mortality experiences of the

male retirees from DOE-Oak Ridge were divided along two distinct relative risk pathways.

The relative risk pathways were linked to age and job status (socio-economic status) at the

time of retirement For example, the salaried white male retired population had an overall

mortality experience generally better than or consistent with that of the U.S. population for

all major causes of death, including all cancers and all circulatory diseases. This finding was

likely attributable to the HWE This phenomenon is usually associated with physically

demanding activities (e.g., jogging, swimming, etc.) and as such, it is likely that individuals

from the higher socioeconomic groups preferred and practiced a more healthy lifestyle.

Another reason that may have caused overaU mortality in the pooled salaried male

population to be lower than expected is that job security and employee mobility appeared to

be more favorable for the salaried group and, therefore, reduced the likelihood of stress-

related ailments such as coronary heart disease and hypertension. Perhaps the ability to cope

with stress positively impacted both the physical and mental health of salaried persons during

their post-retirement years.

Yet another explanation for the decrements noted in the overall categories for all

causes, all cancers, and diseases of the circulatory system in the pooled salaried male retirees

is that the large majority of white collar jobs had low exposure potential to radiation or to

nonradioactive substances (e.g., heavy metals, organic solvents, and other noxious chemicals).
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Tobacco use (i.e., smoking) was also a contributor to overall mortality in the salaried

cohort This is supported by the fact that the overall number of both malignant and

nonmalignant diseases of the respiratory system was essentially as expected.

While the overall mortality experience of the salaried male cohort was less than or

comparable to that of the U.S., some variation was found in cause-specific experience.

Analysis based on grouping of mortality rates into S-year age-at-death intervals had an effect

on mortality outcome. When the salaried male population at each facility was stratified by

age at death and cause of death following retirement, several new observations were made.

The ratios of age-specific mortality rates for all causes, all cancers, and circulatory

diseases by 5-year age-bands tended to vary over a greater range, but the majority of ratios

were less than unity. In general, salaried retirees did not have a mortality experience

significantly different than that of the U.S. population, whereas the hourly retirees did.

Among salaried male retirees fi-om each facility who feU within the 65-69 and 70-74 age-

bands, the observed number of deaths for all causes, all cancers, and circulatory diseases was

lower than expected (the Y-12 population for all cancers was the exception; an SMR of 1.00

was found in the age-band 70-74). This finding suggests that, within the context of normal

retirement, there is a favorable carry-over in health status for salaried male retirees.

Perhaps the two principal contributing factors for cany-over in the HWE were timing

and degree of control that a retiree had over his retirement These salaried males more than

likely represent a group of retirees who had enjoyed the benefits of long-term medical follow-

up and treatment associated with career employment at the DOE-Oak Ridge facilities.

The significantly elevated number of deaths in the Y-12 salaried group age-band 60-64

for all causes and all cancers was probably the result of time-related exposure risL Table 18

provides an overview of the total number of cancer deaths by specific category that were
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found in the salaried male population. As can be seen in Table 18, specific sites for all

digestive organs, lungs, and cancers of the prostate contributed to the vast majority (76%) of

cancer deaths. Further analysis is focused on the salaried male retirees who died from these

cancers. Table 19 displays the SMRs for retirees by 5-year age-bands for the causes of death

that have been chosen for further investigation.

The overall number of observed deaths for digestive cancers in the salaried male

retiree group was less than expected for ORGDP (SMR = 0.50) and ORNL (SMR = 0.80);

however, these deficits were not statistically significant The ratio of overall number of

observed to expected deaths for digestive cancers was unity for the Y-12 male retirees. These

deficit findings were somewhat unexpected because in older persons (65 and older), digestive

cancer becomes more common and accounts for substantial in the general population

mortality (Smith, 1987). The lower-than-expected number of digestive cancers was largely

responsible for the overall deficit findings in the all cancers category. Moreover, these deGcit

Gndings are probably attributed to the cohort's better-than-average income level and their

greater access to health care during their employment years.

Conversely, the overall number of observed deaths for cancer of the prostate was

slightly higher than expected for retired salaried males of ORGDP (SMR = 1.21), ORNL

(SMR = 1.20), and Y-12 (SMR = 1.58); however, these elevations were not statistically

signiGcant. The nonsigniGcant elevation in the expected number of deaths from prostate

cancer was not altogether surprising because extensive medical examinations provided as a

free service at each of the Oak Ridge facilities probably resulted in early detection and

treatment of this disease.

Although little is known about the aetiology of the disease, two suspected factors are

predominate in current literature. The Grst factor concerns elevated levels of testosterone
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and/or dihydrotesterone over many years which can lead to prostate gland hyperplasia and

carcinoma (Ghanadian, et al., 1979 and Ahluwalia, et aL, 1981). High fat consumption over

several years is the second factor thought to elevate the risk of prostate cancer. Both

hypotheses support McMichael s (1976) postulation that the survival advantage conferred by

the HWE decUnes as a given cohort ages. More importantly, however, is the fact that the

SMRs for prostate cancer are not signiOcantly different than 1.00. This is an indication that

lifestyle factors (e.g., diet) in this cohort were essentially about the same as those of the blue

collar study population.

The overall number of observed deaths from lung cancer was slightly higher than

expected for retired salaried males of ORGDP (SMR = 1.10) and Y-12 (SMR = 1.27).

These elevations were not statistically signiGcant TTie overall number of observed deaths

from lung cancer was non-signiGcantly lower than expected for retired salaried males of

ORNL (SMR = 0.80).

Cancer of the lung is known to be related to tobacco use. The overall increase for

lung cancer in the ORGDP and Y-12 populations was probably attributed to the individuals

within these groups smoking tobacco products over a protracted period of time. The National

Cancer Institute estimates that about 30% of all cancers could be eliminated if people quit

smoking (Office of Smoking and Health, 1982). Cigarette consumption among U.S. men

reached an all time high between 1940 and 1964 and did not change materiaUy until 1964

when a comprehensive report from the Surgeon General's office showed the dose-response

relationship between the amount smoked and the risk of lung cancer (DHHS, 1982). Since

that time the incidence of lung cancer in while males has slowed gradually.

Although medical records were not accessed for this study, it was hypothesized by this

researcher that mortality from all cancers would be sUghUy elevated in the salaried males
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across all the DOE-Oak Ridge facilities. Hence, the smoldng habits of the ORGDP and the

Y-12 salaried male cohorts may explain the slight increase in lung cancer. Lung cancer in the

ORNL salaried cohort was a primary contributory cause in deficit mortality for the all cancers

category. The relatively small proportion of the total deaths observed from lung cancer is a

strong indication that tobacco usage in the ORNL salaried male population was far below

what is expected when compared to a similar segment of the U.S. population.

In the early 1980s lung cancer had become the most common cancer in the U.S. It

now accounts for 25% all cancer deaths in America (Health-United States, 1988). Cigarette

smoldng is securely established as the principal cause of lung cancer in the U.S. However,

the basic mechanism by which a normal cell becomes malignant is still unknown (Vessey and

Gray, 1985).

For the salaried retirees of this study population, the observed number of deaths from

lung cancer was essentially as expected for ORGDP and Y-12. However, the mortality ratio

was lower than expected for the ORNL salaried male population. None of the mortality

ratios for lung cancer from the three plants was statistically significant. Hence, it is possible

that differences in health-related behavior (e.g., smoking) among retirees of the three plant

sites may have contributed to their generally favorable mortality experiences. This evidence

does not incriminate smoking as a major contributor to cancer mortality in the salaried male

populations of ORGDP and ORNL.

The absence of an overall excess of nonmalignant respiratory disease mortality at

ORGDP (SMR = 0.79) and ORNL (SMR = 0.71) for the male salaried population is

indirect evidence that the smoking habits of this cohort were not excessive. However, when

augmented by a higher-than-expected mortality rate for malignant respiratory diseases, the

statistically significant increase in nonmalignant respiratory disease for Y-12
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(SMR = 1.65) salaried males indicates that tobacco use may have been heavy in this group

(see Table 20).

The overall use of alcohol appears to be moderate in the salaried cohort because of

the nonsignificant excess in mortality from cirrhosis of the liver across the facilities (ORGDP,

SMR = 1.30; Y-12, SMR = 1.08; ORNL, SMR = 2.06). This finding is also supp>orted by

the fact that there were no deaths from esophageal cancer found in the total salaried male

cohort.

The results from the analyses of mortality experience among the retired salaried

population, by facility and by pooled salaried cohort, showed that some slightly elevated SMRs

could be of biological importance even though they were not statistically significanL The

salaried males analyses results, taken together with other evidence in the literature from

mortality studies, support the hypothesis that the event of retirement does not put white

collar men at risk of health deterioration. The results of the salaried male analyses also

partially support the conclusion drawn by McMichael (1976) that cany-over in the HWE in

post-retirement declines with age, and retirees increasingly come to resemble the general

population in their health status characteristics. However, the results of this study do not

support the McMichael (1976) finding that, within the retirees aged 65-84, the HWE no

longer operates effectively. White collar males who retired from the DOE-Oak Ridge

facilities generally had overall mortality rates lower than that of

the U.S. within the age-range 65-84. Hence, the residual survival advantage still appeared to

be active after 29 years of observation in the salaried male population.

One would suspect SMRs to be less than 1.00 in the earlier age-bands (i.e., 50-64) and

to approach or exceed 1.00 as the population aged. In other words, the longer the follow-up,

the more noticeable the mathematical increase in SMRs. Wen, et aL (1983), referred to this
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occurrence as an inverse relationship between SMR and life expectancy when the study

cohorts' mortality is similar to that of the U.S.

The results of these analyses support McMichael's (1976) postulation that, in terms

of pathologic processes, diseases that usually cause excess mortality after retirement will be

seen more readily in those individuals who take early retirement Presumably, early

retirement in many instances is a form of out-selection of the less healthy workers.

Therefore, one might expect to see a marked decline in cany-over in the HWE in those

persons retiring early (i.e., ages 50-64); assuming, of course, there was a HWE during their

employment

This supposition is further supported in recent research findings by Boaz and Muller

(1990). They found in a Social Security Administration self-reported longitudinal retirement

history survey that mortality is more pronounced for early retirees (i.e., those retiring before

age 65) than for normal retirees (i.e., those retiring at age 65 or older). They also found that

men who report health problems after they retire are much more likely to have used more

medical care at the time of retirement and are more likely to die within 2 years of leaving the

workforce than men reporting no such problems when retiring. Boaz and Muller's Gndings

were based on 8,132 men interviewed in 1969 and were followed up biennially until 1979.

They noted that mortality was consistently more elevated in those men who retired early.

Part A of Table 21 provides additional evidence that those individuals who left the

workforce before the age of 62 sustained the greatest number of deaths. Of the 1,620 total

deaths recorded in the male study population, 43% (694) occurred in the 62-and-under age-

group; 24% (395) occurred in the 62-64 age-group; and 33% (531) occurred in the 65-and-

older age-group. Of the 531 deaths recorded for those individuals with retirements ages of
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Table 21

Enumeration in The Age-Specific Growing of the Number of Deaths for White Males by
Pay Code and Age at Retirement; 1960-1979.

Part A

Age Facility
Pav Code

Hourly Salaried Total Percent of Total

<62 ORNL 61 79 140 9%
ORGDP 201 86 287 18%
Y-12 203 64 267 16%
Subtotal 465 229 694 43%

62-64.9 ORNL 52 30 82 5%
ORGDP 98 47 145 9%
Y-12 125 43 168 10%
Subtotal 465 229 694 24%

>65 ORNL 97 65 162 10%
ORGDP 92 58 150 9%
Y-12 154 65 219 14%
Subtotal 343 188 531 33%

Total 1,083 537 1,620 100%
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Table 21 (Continued)

Enumeration in The Age-Specific Growing of the Number of Deaths for White Males by
Pay Code and Age at Retirement: 1960-1979.

Part B

Hourly Male Retirees
All Causes*

Retirement
Group (Yrs.) Age Observed Expected+ SMR 95% C.I. + -»-

65 100 118.65 0.84 0.69-1.03

65 and older
70 110 125J7 0.88 0.72-1.06
75 82 90.78 0.90 0.72-1.12
80 45 45.41 0.99 0.72-1.33
85 6 10.46 0.57 0.21-1.25

62 37 37.70 0.98 0.69-1.35
65 98 121.15 0.81 0.66-0.99* •

62 to 64.9
70 86 91.21 0.94 0.75-1.17
75 34 4334 0.79 0.54-1.10
80 18 15.17 1.19 0.70-1.88
85 2 2.52 0.80 0.09-2.87

50 24 6.78 334 2.27-5.27* *
55 93 35.62 2.61 2.11-3.20**
60 140 81.66 1.71 1.44-2.02**

Before 62
65 111 76.78 1.45 1.19-1.74**
70 73 48.63 1.50 1.18-1.88**
75 20 20.85 0.96 0.59-1.48
80 4 736 0.54 0.15-1.39
85 0 0.17 0

•ICD-8, International Qassification of Diseass, Eighth Revision
+Based on rates for U.S. white males, adjusted for age and calendar year.
+ +Fisher's exact confindence limits.
••Statistically significant (P<0.05).



132

Table 21 (Continued)

Enumeration in The Age-Specific Growing of the Number of Deaths for White Males by
Pay Code and Age at Retirement: 1960-1979,

Part C

Salaried Male Retirees
All Causes*

Retirement

Group (Yrs.) Age Observed Expected-f SMR 95% C.I.-H-

65 59 76.27 0.77 0.59-1.00

65 and older
70 63 79.65 0.79 0.61-1.01
75 41 48.42 0.85 0.61-1.15
80 18 19.25 0.94 0.55-1.48
85 7 4.83 1.45 0.58-199

62 24 17.04 1.41 0.90-110
65 45 59.85 0.75 035-1.01

62 to 64.9
70 29 43.83 0.66 0.44-0.95* *
75 16 17.15 0.93 0.53-1.52
80 6 534 1.13 0.41-145
85 0 0.41 0.

-

50 9 4.89 1.84 0.84-3.49
55 31 26.30 1.18 0.80-1.67
60 86 6031 1.42 1.14-1.76**

Before 62
65 58 63.67 1.08 0.82-1.40
70 32 29.22 1.10 0.75-1.55
75 11 9.89 1.11 0.56-1.99
80 2 1.62 1.24
85 0 0 0

•

•ICD-8, International Qassification of Diseass, Eighth Revision
+Based on rates for U.S. white males, adjusted for age and calendar year.
+ +Hsher's exact confindence limits.
*'Statistically significant (P<0.05).
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65 and older, 65 percent (343) were blue collar. Overall, the hourly population represented

65% (1,083) of the 1,620 deaths recorded in the male cohort

Since Y-12 had the largest number of blue collar retirees, it was not surprising to find

that the greatest proportion of the recorded hourly deaths came from that facility (45%, or

482 persons). These data suggest that a large number of individuals in the male cohort had

little control over their retirement Also, these data imply that those persons who retired

early may have left (i.e., selected out) the workforce because of their deteriorating health

status.

When the male study population was analyzed by pay status and retirement age the

results provided further evidence that individuals retiring before age 62 are at an elevated risk

of mortality from all causes. In the case of the blue collar cohort, the mortality risk from all

causes is significantly elevated in those retiring before age 62.

Table 21, Part B, shows that the statistically significant elevated findings in the blue

collar male subgroup of previous analyses was principally attributed to the hourly males who

retired before age 62. Hourly males who retired at age 65 (normal retirement age) exhibited

death rates lower than expected when compared to the general population. SMRs for all

causes are lower than expected for age 65 (SMR = 0.85), but increased at ages 70 (SMR =

0.88), 75 (SMR = 0.90), and 80 (SMR = 0.99). However, SMRs were inexplicably low for

ages above 80 (SMR = 0.57). Once again, this Onding suggests that the HWE actively

continues for a protracted period of time following retirement.

With the exception of age 80 (SMR = 1.19), hourly males who retired between the

ages of 62 and 64 had lower-than-expected SMRs. When the hourly male subgroup was

analyzed by retirement ages younger than 62, mortality observations were quite different. In

fact, those blue collar males who retired before age 62 showed statistically significant elevated
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death rates for the ages of 50 (SMR = 3.54), 55 (SMR = Z61), 60 (SMR = 1.71), 65

(SMR = 1.45), and 70 (SMR = 1 JO). Although the significantly elevated trend continued

downward with age, not until this subgroup reached age 75 (SMR = 0.96) did the significant

risk of mortality firom all causes totally diminish.

Lower-than-expected values were also seen for age 80 (SMR = 0.54). Deteriorating

health status has been shown in other research to be the prime causal factor for early

retirement It can also be incriminated for the statistically significant elevation in the death

rates for this age group. The possible explanations for these adverse findings in the hourly

male retired cohort are discussed later in this chapter.

Part C of Table 21 shows that salaried male retirees who retired at age 65 exhibited

death rates lower than the general population for all causes. Mortality for all causes was

lower than expected for age 65 (SMR = 0.77). A gradual increase in SMRs was seen at age

70 (SMR = 0.79) and continued to increase of age 75 (SMR = 0.85) and age 80 (SMR =

0.94). Not until age 85 (SMR = 1.45) did the death rate rise.

The lower-than-expected death rates can be attributed to the carry-over in the HWE.

With the exception of age 60 (SMR = 1.41), the individuals in the salaried group retiring

between the ages 62 and 64 had mortality rates similar to those of the people who retired at

age 65. However, when those individuals who retired before age 62 were examined, their

death rates were never less than unity. The all causes mortality excesses for ages 50

(SMR = 1.84), 55 (SMR = 1.18), 60 (SMR = 1.42), 65 (SMR = 1.08), 70 (SMR = 1.10),

75 (SMR = 1.11), and 80 (SMR = 1.24) suggest that those individuals who retired before age

62 were at a greater risk of mortality than other salaried male retirees. Moreover, the

implication can be made that these persons had virtually no control over their retirement if,

in fact, failing health was the reason for their leaving the workforce.
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Generally speaking, it appears that the overall survival in the salaried males was

congruent with that of the U.S. population. This finding is also supported by the fact that

the vast majority of deaths (61%) in the salaried population occurred within a time period

that was equal to or greater than 5 years following retirement (see Table 22). Ninety percent

of the individuals in this group were age 65 and older, which suggests that salaried males who

retired at normal retirement age (65 years) had a 9:1 chance of living to an age commensurate

to that of the general U.S. male population (72 years).

Moreover, according to the way this study population was chosen, an individual had

to live at least 5 years to get into the bottom four age-bands (Le., 70-74, 75-79,80-84, and 85

and older). As a result, the age-band 70-74 represented 5 additional years of life following

retirement; the 70-79 age-band represented 10 years lived following retirement; the age-band

80-84 represented 15 years of life after retirement; and the age-band 85 and older

represented 20 additional years of life following retirement This group (70-85, and older)

constituted a sizable proportion of persons who lived at least 5 years beyond their retirement

from the DOE-Oak Ridge facilities (i.e., ORNL = 54/105, or 51%; ORGDP = 86/119, or

72%; and Y-12 = 75/102, or 74%). These data, for the most part, imply that life expectancy

for the salaried population was generally better than that for the U.S. population for those

persons who lived 5 or more years beyond retirement fiom the facilities being investigated.

Hourlv Male Population

Unlike the salaried male population, the blue collar retirees, when compared to the

U.S. population, exhibited significantly elevated overall mortality for all causes (SMR = 1.11

cumulative) and all cancers (SMR = 1.27 cumulative). Because of potential carry-over in the

HWE in post retirement, it was unexpected to find these categories of death significantly

elevated. One possible explanation for excess mortality in the hourly male group is that death
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rates may have been driven upward by persons in this population who left the workforce

before normal retirement age (i.e., < age 65). Another possible explanation for excess

mortality in the blue collar population may be attributed partly to a selection bias during the

initial hiring of the cohort. Many workers hired during the World War 11 (WWII) era of the

DOE-Oak Ridge operations were either too old or physically unfit to serve on active military

duty. As a result, much of the initial blue collar workforce (predominantly semi-skilled and

unskilled with no formalized education) in the Oak Ridge government facilities would have

been screened out as unemployable under normal circumstances. This phenomenon has been

observed in other cohorts employed during the WWII era (Wen, et al., 1986 and Dupree, et

al., 1987).

As displayed in Table 23, 62% (1989 persons) of the total 3,196 hourly employees

included in this study were hired before January 1,1950. These data provide further evidence

that the HWE probably did not actively operate in a large proportion of the blue collar male

population because of their less-than-superior health status on date of hire.

To dismiss these findings of significantly elevated mortality in the Oak Ridge blue

collar retired population as being largely attributable to the absence of the HWE is quite

tempting, but is perhaps much too simplistic. One would be naive to assume that selection

of unhealthy blue collar males for employment is the principal causal factor for significantly

elevated mortality in this group. As shown in Table 23, the morality experience of the males

who were hired on or before January 1, 1950, is essentially the same (i.e., before January 1,

1950 = 40%; after January 1, 1950 = 34%) as those individuals hired prior to this date.

Therefore, a more plausible explanation may be attributed more to an individual's lifestyle

than to his health status when hired.
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Work-related routines may have a long-term negative impact on physical and mental

health. Job security and personal actualization &om employment may also be contnbuting

factors to the overall enhancement of physical health and mental well-being within a given

population of employed persons. For example, many blue collar retirees in this study

population may have worked in the same job throughout their careers without a change of

venue. Moreover, during the time period of this study (1960-1979), contract negotiations that

were held every 3 years between management and the union could have been a prime source

of stress for this blue collar cohort Such stress may have been elevated in the years 1963 and

1970 for this group when strikes caused work stoppage for several weeks. During these

periods, stress could have been a prime factor in the increased usage of tobacco and, perhaps,

was a factor in the increased consumption of alcohol for the blue collar group.

As demonstrated in Table 24, the hourly male populations of ORGDP (SMR = 1.89)

and ORNL (SMR = 1.46) have nonsignificantly higher than expected death rates from

cirrhosis of the liver. In the Y-12 hourly male population (SMR = 0.85), deaths from this

cause were nonsignificantly lower than expected. These findings suggest that alcohol

consumption is not excessive in the blue collar cohort. The fact that no esophageal cancers

were recorded in this population is yet another indicator of low-to-moderate use of alcohol.

Therefore, it is reasonable to postulate that alcohol consumption did not increase the risk of

mortality in the blue collar male cohort

Although the number of deaths from nonmalignant diseases was essentially as

expected, smoking may still be implicated as a principal contributor to mortality in the hourly

populations of ORGDP (SMR = 1.60) and Y-12 (SMR = 1.49) because both of these

populations had significant excesses in the number of deaths from all malignant respiratory
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system diseases. The ORNL hourly male population (SMR = 1.52) had only nonsignificant

elevations in mortality from this cause.

Table 18 summarizes the number and types of cancers found in the blue collar

population. This table supports the theory that the vast majority of cancer deaths (digestive,

prostate, and respiratory) can be directly or indirectly linked to lifestyle behaviors. However,

the lack of available data on cigarette smoking and alcohol consumption in the blue collar

population limits the lifestyle theory as being a significant causal factor of the overall excess

cancer findings.

The concerns regarding the overall mortality for the all causes and all cancers

categories notwithstanding, a noteworthy Ending is that the vast majority (65%) of deaths in

the blue collar male population occurred within a period of time equal to or greater than 5

years following retirement. Also, within the blue collar male group whose members died after

5 or more years of retirement, 88% of them were age 65 or older (see Table 25 for the

number of days lived following retirement for the hourly population). This finding suggests

that, at a minimum, hourly male retirees had life expectancies commensurate with those of

the general population. These Endings also suggest that, even with an absence of a

detectable HWE, blue collar male retirees from the DOE-Oak Ridge facilities experienced

significant survival following retirement

According to the way this study population was chosen, an individual had to live at

least 5 years to get into the bottom four age-bands (i.e., 70-74, 75-79, 80-85, and 85 and

older). As a result, the age-band 70-74 represented 5 years of additional life following

retirement; age-band 75-79 represented 10 additional years of life; the 80-84 age-band

represented 15 more years of life after retirement; and the 85 and older age-band represented

20 years lived following retirement The hourly group (ages 75-85, and older) constituted a
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sizable proportion of persons who lived at least 5 years beyond their separation from the

DOE-Oak Ridge workforce (ORNL = 113/153, or 74%; ORGDP = 179/272, or 66%; and

Y-12 = 187/288, or 65%). Table 25 provides an illustration of these numbers. Although the

mortality outcome for the hourly population was higher than that of the salaried cohort in

terms of total number of deaths, life expectancy for hourly males in the 65 and older group

appeared to be slightly better than that of the U.S. population.

While the excess in the number of circulatory deaths (98.71) was the principal reason

for the overall mortality experience in the blue collar population to be generally higher than

the U.S., other variations in cause-speciGc mortality were also found to be key factors in

pushing up the all causes SMR. Analysis based on grouping of mortality rates into 5-year

intervals had an effect on mortality outcome. When the hourly male population at each

facility was stratified by age at death and cause of death following retirement, several new

observations could be made.

Among blue collar retirees from Y-12 and ORGDP, significantly elevated mortality

was found in the 5-year age-bands 50-54,55-59, and 60-64 for all causes and all cancers (see

Table 13). This significantly-elevated pattern was also demonstrated in circulatory diseases

over the same age-bands for the ORGDP group. Only in the all cancers category did the

ORNL blue collar group show significantly elevated mortality. However, the wide confidence

interval (95% C.I. = 1.96,11.47) suggests that quantitating the relative risk of cancer in the

ORNL blue collar age-band 55-59 is relatively unstable. Nevertheless, the Gnding of elevated

cancers in the ORNL blue collar age-band 55-59 can be expressed as having statistical

significance (6.00 observed deaths versus 1.12 expected deaths).

Persons suG^ering from lung disease are more likely to die at an earlier age than are

persons suGering Gom other chronic diseases (Sterling and Weinkam, 1986). As can be seen
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in Table 18, the vast majority of cancer deaths across the Oak Ridge sites being investigated

are related to respiratory, prostatic, and digestive organ diseases.

SpeciGc sites for all digestive organs, prostate, and lung cancer made up a substantial

portion (74%) of the all cancers category (see Table 18). Further analysis was focused on

the hourly male retirees who died from these causes. Table 26 displays the SMRs for retirees

by 5-year age-bands for the causes of death that were chosen for further investigation.

The overall number of observed deaths for digestive cancers in the hourly male

retirees was slightly elevated over the expected mortality rates for ORGDP (SMR = 1.19)

and ORNL (SMR = 1.08); however, these elevations were not statistically significant A

statistically significant excess in the number of digestive organ cancers for the age-band 65-69

was found to be responsible for elevated death rates in the ORGDP cohort SpecificaUy,

cancer of the large intestine (0/E = 8/2.42; SMR = 3.03; 95% C.I. = 1.42, 6.51) was the

causal factor for the statistically significant increase in the ORGDP population for the age-

band 65-69 (data for this age-band is not shown on the table).

Although no convincing evidence has been implicated in this study to suggest that

occupational exposure is a principal contributor in cancer deaths, one cannot totally rule out

the possibility that the increase in intestinal cancer may be indirectly linked to some given risk

of such exposure. However, other studies have implicated diet, not the ambient environment,

as a principal determinant of these cancers (Ahluwalia, et al, 1981; Smith, 1987; and Health-

United States, 1988).

The socioeconomic variations between the salaried and hourly populations at ORGDP

and ORNL were likely indicators of differences in lifestyle. The lifestyle variations between

the two populations may have included dietary patterns that were characterized by high fat

or fried food intake and were probable causal factors in digestive diseases. The overall
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number of observed deaths for digestive cancers in the hourly male retired group was less

than expected for Y-12 (SMR = 0.91). The deGcit Gnding, however, was not statistically

signiGcant.

The number of deaths from cancer of the prostate was slightly elevated for ORGDP

(SMR = 1.25) and Y-12 (SMR = 1.46) retired hourly males. In the ORNL male population

the number of prostatic cancers was lower than expected (SMR = 0.90). However, this type

of cancer death never reached statistical signiGcance in any of the hourly male cohorts at the

three plant sites. Notwithstanding the relative importance of these Gndings, the etiology of

prostatic cancer remains essentially unknown. There are no indications Gom these data that

occupational exposures were responsible for the slight excess of these cancers. On the other

hand, lifestyle factors may have had a more clear association with prostatic cancer risk in the

hourly male cohort Certain factors (i.e., sexual behavior and dietary habits) associated with

lifestyle can be implicated as causal risk factors for prostatic cancer.

In general, married men have a slightly higher risk for prostate cancer than single

men. The possible relationship with various sexual factors (Le., some sexually transmitted

viruses) has been investigated in a number of studies (Rotldn, 1979; Mandel and Schuman,

1980; Mishina, et aL, 1981; and Ross, et al., 1983). In these studies, there is little evidence

offered to link male sexual behavior to an increase in prostatic carcinogenesis.

The epidemiology of prostatic cancer has implicated dietary factors as possibly a more

plausible explanation for the disease (Winkelstein, 1979; Piscator, 1981; and Greenwald,

1982). In these studies dietary fat consumption is more consistently and strongly associated

with prostatic cancer than either environmental factors (i.e., occupational exposures) or sexual

activity. Because of the ages of this study cohort and the region of the country in which the

members of the cohort worked, it is suspect that their diets were high in fat content
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Therefore, it is concluded that socioeconomic status did not influence death rates for prostatic

cancers in the male study population.

The overall number of observed deaths from lung cancers was significantly elevated

in the retired hourly males of ORGDP (0/E = 43/26.92; SMR = 1.60) and Y-12 (0/E =

59/37.88; SMR = 1.56). The overall number of lung cancer deaths was nonsignificantly

elevated in the ORNL retired male population (O/E = 21/15.12; SMR = 1.39).

The pattern of increased lung cancer in the U.S. is largely attributed to increased

smoking among Americans from the 1930s to the 1960s (Smith, 1987). Cigarette smoking is

the single factor responsible for the most preventable type of death in American society

(Health-United States, 1988). The largest number of excess deaths among cigarette smokers

is due to lung cancers and, to a lesser extent, chronic obstructive lung disease and coronary

heart disease. Cigarette smoking also increases the risk of mortality from cancer of certain

organs of the digestive system (e.g., bladder, pancreas, and kidney).

Smoking also increases the risk of cancer of the larynx and other cardiovascular

diseases. It has been well documented that the risk of mortality among smokers increases

with the amount smoked, the duration of smoking, and the tar and nicotine content of the

tobacco product (Castelli, et al., 1981; Correa, et al., 1983; Doll and Hill, 1952; Fisher, 1959;

Wald and Doll, 1983; and Wald, et al., 1983). Moreover, the risk of death is greater among

smokers who began smoking at a younger age than it is among those who began later in life.

Tobacco and tobacco smoke contain many distinct classes of chemical carcinogens and

co-carcinogens. The polynuclear aromatic hydrocarbon (PAH) fraction of tobacco smoke is

a principal contributor to the active carcinogem'c activity in smoke. N-nitrosamines are a

second major class of carcinogen found in tobacco and tobacco smoke. These chemical

carcinogens are usually found in lung cancer cases that occur in the bronchial tree of the
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lungs or in the tissue of either lung. A prime example is squamous cell carcinoma (more

frequent in men than in women) which involves the flat, scaly cells of the bronchial

epithelium. This form of cancer accounts for 35% to 50% of all lung cancers and has been

linked to smoking (Smith, 1987).

With lung cancer, as with other cancers, timely diagnosis of the disease is vital.

Typically, the disease is already extensive when diagnosed (75% are techm'cally unresectable)

and, therefore, the prognosis is poor. Smith (1987) suggests that most patients die from

either dissemination of disease or infection. These findings partly support Hanis' (1985)

postulation that any HWE probably occurs in younger populations with fewer years of

employment and may not act on site-specific cancer mortality rates (Hanis, et al., 1985).

Heavy tobacco use can be incriminated as a major contributor to the significant

number of excess lung cancer deaths in the ORGDP and Y-12 hourly populations. The

elevated findings are also augmented by a statistically significant increase in overall death

rates for ORGDP (0/E = 45/28.20, SMR = 1.60) and Y.12 (O/E = 59/39.63, SMR = 1.49)

for all malignant neoplasms of the respiratory system. This finding further implicates smoking

as a key cause of lung cancer in these two hourly populations (see Table 24). However, the

lack of elevated death rates from all nonmalignant respiratory diseases in the hourly

populations of ORGDP (O/E = 29/26.68, SMR = 1.09) and Y-12 (O/E = 37/37.03, SMR =

0.99) made it difficult to corroborate smoking as the single key causal factor in the significant

excess number of lung cancer deaths. Also, the unavailability of data on cigarette smoking

in this study population limited the interpretation of the lung cancer findings. The overall

number of deaths from malignant and nonmalignant respiratory diseases is shown in Table

24.
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Several studies have purported that cancer of the lung is elevated among nuclear

industry workers (Gilbert, 1988; Checkoway, ct al., 1988; and Cragle, et al,, 1988). This is

principally because the lung has been identified as the primary target organ for certain

airborne radiological and chemical compounds.

The delayed effects of exposure to ionizing radiation or noxious chemicals have been

shown in numerous occupational studies to be associated with various cancers and diseases

of the respiratory system. However, two studies of Oak Ridge workers have suggested that

such exposures were not sufiicient to cause mortality that would significantly differ from the

U.S. population. The first of these is a mortality study (Polednak and Frome, 1981) of 18,869

white males employed between 1943 and 1947 in a uranium processing facility at the Y-12

Plant. The authors hypothesized that lung cancer and leukemia would be among the cancer

types to be related to exposures to uranium. Generally, mortality among the cohort was

found not to be significantly different from the U.S. population for both lung cancer and

leukemia. They also found that SMRs among workers employed in areas suspected to have

the highest potential for uranium exposure were not extraordinary. These analyses did not,

however, consider exposures to other chemical agents.

The second study (Checkoway, et al., 1985) examined mortality among 8375 white

males employed between 1943 and 1972 at ORNL. Using the U.S. population as a standard

for comparison, SMRs were used to investigate dose-response among the cohort for all

causes, all cancers, leukemia, and cancers of the prostate. Findings suggest that a

nonsignificant dose-response may be associated with leukemia at 10 years induction. The

other causes of death examined showed no such association. SMRs were 1.00 for the

unexposed, 1.38 for the 0.001-0.999 rem exposure category, and 2.70 for the 1.000-4.999 rem

exposure category. No cases were observed among persons receiving > 5 rems of exposure.
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Although these studies have shown that little, if any, positive associations edst

between occupational exposures and mortality outcome in the active DOE-Oak Ridge

workforce, one cannot entirely dismiss the notion that some proportion of the death rates

from the hourly male retirees may be indirectly linked to some risk factor or a combination

of risk factors that is associated with one's workplace. It has been suggested that less-than-

healthy workers were not screened out of the initial workforce of the Oak Ridge government

facilities because of the war (WWII) effort Of those individuals it was believed that many

of the blue collar employees in the war era were considered to have no formalized education

(Frome, 1990). Moreover, it was suspected that during the war years, industrial hygiene and

health physics standards of the facilities at Oak Ridge, as well as at other government facilities

throughout the country, were not as stringently regulated and aggressively enforced as they

are today (Dupree, et al., 1987 and Cragle, et al., 1988). If there were toxic materials in the

workplace and standards governing their storage and usage were lax, exposure potential was

high, and such exposure could potentially create devastating health consequences over a

protracted period of time.

Because of the carry-over in the HWE, it was unexpected to find the all causes SMR

signiGcantly elevated in the retired ORGDP and Y-12 cohorts for the age-bands 50-64. Even

more unexpected was the significantly elevated Gnding for circulatory diseases in the ORGDP

group for age-bands 50-64. Perhaps the long follow-up period (34 years) nulliGed the carry

over in health status for this group. There is no clear explanation for the significant elevation

in circulatory disease SMR values. Conversely, several possible reasons for the statistically

significant elevations in cancer deaths for the retired populations of ORGDP and Y-12 have

been provided. Although the potential for exposure to ionizing radiation from various

sources (e.g., cesium, cobalt, strontium, and primarily uranium) was more likely for blue collar
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employees than for salaried employees in this study no biological plausability of an association

between radiation exposure and mortality gradients from all or specific causes can be

implicated.

It has also been suggested that exposure to ionizing radiation may cause cancer in

several target organs (e.g., lung, bone, and thyroid) due to inhalation or ingestion of

radioactive compounds (BEIR V, 1990). While the mechanism of radiation-induced diseases

remains somewhat obscure, some researchers have suggested that prolonged chemical

exposures are more likely than radioactive substances to cause excess cancer mortality

(Hueper, 1966; Plunkett, 1977; and Soskolne, et al., 1984). The association between cancer

deaths and presumed chemical exposures has been reported in other occupational studies

(Ott, et al, 1978 and Arp, et al., 1983). This researcher's findings of significant increases in

the number of cancer deaths in the blue collar populations of ORGDP and Y-12 warrants

further investigation, given the nature of the potential for chemical exposures at these Oak

Ridge facilities. Also, these findings suggest that the HWE in the blue collar male retired

group did not continue to operate in retirement for this group.

Since the use of the general population as a standard has been the subject of criticism

in creating the HWE, direct comparison of the blue collar group was made using the salaried

group from the total cohort as a standard. The rationale for the use of an alternative

standard population was to demonstrate how the use of a different comparison population

may yield different interpretations in the results. This method indicated that greater elevated

variation between age-specific SMRs and the categories of all causes and all cancers existed.

However, it was not surprising to find the highly positive skewed mortality distribution in the

lower age-bands.
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Because the retired Y-12 population was much larger than either of the other groups,

results of the combined analyses were similar to those for Y-12 alone. The combined analyses

included the pooled analysis by using the general population as a standard. Nevertheless,

none of these elevations were consistently high enough to warrant conclusions that any

particular exposure was responsible for the increased mortality risk. The results of the blue

collar analysis, therefore, merely allow for speculation.

This portion of the investigation analyzed and discussed some considerations

associated with possible carry-over in the HWE in a retired white male cohort These

considerations included sample sizes, socioeconomic status characteristics of stress, age at

retirement, age at death, and length of latency for specific diseases. Thus far this study has

discovered that the investigation of retirees may serve as an useful barometer in detecting

certain occupational hazards and diseases. However, as stated at the outset of this discussion,

the study of retirees has its limitations. Because of these limitations, extreme caution must

be utilized in generalizing results, especially those with negative outcomes.

It is difficult to interpret the Gndings of the male analyses due to the fact that reasons

for differing mortality patterns in retirees is unclear because congruent analyses have rarely

been reported (Carpenter, 1990). This investigation has provided further evidence that

socioeconomic status generally influences the cany-over in the HWE for a given retired

population. In other words, the HWE does not apply equally to all groups within a given

study population. There is, however, little evidence to directly compare the data reported

here with results from previous studies of retired persons (which were commonly used

reference points) because relevant analyses from such studies are still relatively few

(Carpenter, 1990). Future analysis of mortality within the DOE-Oak Ridge retired male
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population should consider the impact on longevity of the combined effects of stress, lifestyle

behaviors, radiation, and chemical exposures in a retiree's post-retirement years.

Female Cohort Analyses

This portion of the study investigated the mortaJity experience of white salaried and

white hourly females who retired from ORNL, ORGDP, or Y-12 between the years 1960 and

1979. Typically, inclusion of females into mortality studies creates problems with the follow-

up of those females. One reason females are difficult to follow-up is because of their

customary name change as a result of marriage. Moreover, females are likely to terminate

employment after a short period of working to raise a family or to move with a spouse who

has been transferred to a different geographic location (Wen, et al., 1983).

The eligibility criteria to enter this study, however, greatly reduced the problems

historically associated with female follow-up (see Chapter I for eUgibility criteria). Out of the

4,444 retirees included in this study, 387, or 7%, were females (310 salaried and 77 hourly).

Of the total number of females, 314 (81%) were alive at the end of the study period. Death

certificates were located for all (N = 72) but one of the decedents. The follow-up was

successful for 99% (three lost to follow-up) of the females.

In this type of study there is always a delusionary effect risk, whereby significant

findings within certain subgroups may be overlooked because of small sample size. As such,

the analysis of a small number of person-years would result in considerable loss of estimating

precision in the female population. Because of this, comparisons of the mortality experience

of the female retirees at individual plant sites to that of the U.S. population were not

performed. To further increase the statistical power of the female analysis, 5-year age

intervals were compressed into 10-year intervals to increase the number of person-years for
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a given age-range. There was a total of 4,338.88 person-years (3383.40 salaried plus 955.48

hourly) observed in the female cohort.

Age-Specific SMR Analyses of the Pooled Salaried
Female Cohort and Hypotheses Outcomes

The pooled salaried female group contained 310 retirees, of which 56 were dead.

Death certificates were retrieved for 55 (98%) of these observed deaths, and three (03%)

persons were lost to foUow-up. SMR analysis of causes of death was confined to all cancers

(16 observed) and diseases of the circulatory system (23 observed), since they comprised 70%

of the all causes category in the salaried female cohort. Table 27 shows the age-specific

SMRs for all and selected causes. Table 28 provides the number of person-years of

observation by 10-year age-bands for the salaried females. Person-years in each 10-year age-

band were distributed in a time-dependent manner. As a result, a retiree in the 70-79 age-

band contn'buted person-years to the two categories through which she passed until she was

eligible to enter the 70-79 age-band.

As shown in Table 27 the number of deaths due to all causes in the pooled salaried

female group for age-band 50-59 (95% C.I. = 0.69,3.50) was shghtly elevated (SMR = 1.72).

However, the wide confidence limits reflect the numerical instability of this estimate.

It was not altogether surprising to find deficit mortality (SMR = 0.65) for all causes

in the age-band 60-69 (95% C.I. = 0.39, 1.03) because of cany-over in the HWE. This

finding was inconsistent with the significantly elevated mortality seen for all causes in the

pooled salaried age-group 60-69. Mortality rates were as expected for all causes

in the age-band 70-79 (95% C.I. = 0.68,1.49). This finding provided evidence retirees aged.

Mortality rates contained a deficit SMR (0.62) in the all causes category for the age-band
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80 and older (95% CI. = 0.17, U3). Since thia Ending was based on four observed deaths
versus 6.47 expected, caution is advised in its interpretation.

the all cancers category showed mortality to be nonsigniEcantly elevated (SMR =
2.45) in the age-band 50-59 (95% C.I. = 0.66,6.05). Here again, the wide confidence interval
indicate that this estimate was numerically unsuble. Moreover, the finding was based on (our
observed deaths and 1.63 expected deaths. -The number of deaths in the proceeding age-
bands 60-69 (95% CI. = 0.25, 1.45) and 70-79 (95% C.I. = 0.36, 211) had mortality rates
lower than those of the general population. However, because the number of observed
deaths in these all cancer age-bands (six deaths in hoth groups) were so few, reliable
speculation of the results would be questionable at best There were no cancer deaths
observed in the 80 and older age-band.

Table 29 provides a summary by facility of the number and types of cancers found in
the pooled female salaried group. Although no in-depth analysis and subsequent discussion
was done from Table 30, the data is offered to demonstrate how small sample sixe may cause
SMRs to look excessively high when, in fact, in this study they were predominately based on
expected values less than 1.00.

Mortality was less than expected for circulatory diseases in all age-bands. Upper
confidence limits based on the pooled salaried female group's data for circulatory diseases
were roughly comparable to those of the pooled salaried male group. Tire confidence limits
ui the female population were based on small numbers of deaths in age-bands 50-59
(0/E = I/l J8), 60-69 (0/E = 6(1259), 70-79 (0/E = 12/14.88), and 80 and older (O/E =
4/4.25). None of these differences achieved statistical significance.

In general, no consistent associations emerged from the results of SMR analyses for
all causes, all cancers, or circulatory diseases according to retirement age in the pooled
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TABLE 30

SMRs for All and Specific Causes of Death Observed in the Combined Salaried
Female Cohon: 1960-1979

ICD 8

000-998

140-209

250

263

348

390-458

460-519

520-577

780-799

Category Observed Expected SMR

All Causes 56 64.50 0.87
All Cancers 16 17.51 0.91
Diabetes 2 1.12 1.79
Vitamin B Deficiency 1 0.89 1.12
Motor Neurone Diseases 1 0.30 3.33
Diseases of the 23 33.10 0.70
Circulatory System
Nonmalignant Diseases 4 2.07 1.93
of the Respiratory System
Nonmalignant Diseases of 2 1.73 1.16
the Digestive System
Ill-Defined Conditions 4 0.55 7.27
Unknown 3
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salaried female population. The most notable overall Gnding fix>m the salaried female cohort

analysis was that mortality rates for most causes of death were lower than those of the U.S.

population. Deficits in mortality from all causes and for the two specific causes investigated

were commonly attributed to the HWE (Cragle, et aL, 1988).

These findings support acceptance of the replicated null hvpothesis-3 (there will be

no differences in survivorship and mortality experience for the combined salaried female

populations from ORNL, ORGDP, and Y-12 when compared to the U.S. for all causes, all

cancers, diabetes, all respiratory diseases, diseases of the digestive system, cirrhosis of the

liver, genito-urinary diseases, accidents, and suicide). Replicated alternative hvmothesis-3 was

rejected (excess in the death rates will be seen for the combined salaried female populations

of ORNL, ORGDP, and Y-12 when compared to the U.S. for all circulatory diseases (i.e.,

cardiovascular and cerebrovascular diseases combined).

Age-Specific SMR Analyses of the Pooled Hourly
Female Cohort and Hvootheses Outcomes

The pooled hourly female group contained 77 retirees, of inWch 17 were dead. Death

certificates were retrieved for all (100%) observed deaths, and no persons were lost to follow-

up. Although the results were based on a combined three-plant hourly female retired

population (4338.89 person-years observed for the total female cohort, of which 955.48

person-years were for the hourly female group), the reliability of these analyses is

questionable because of the small number of cases involved (see Table 28). Therefore, the

hourly female group is not a reasonable representation of what one would expect in a

comparable segment of the U.S. population.

SMR analyses of causes of death were confined to all cancers (5.00 observed) and

diseases of the circulatory system (7.00 observed), since they comprised 71% of the all
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causes category in the hourly female population. Table 31 lists in 10-year age-bands the

number of observed deaths for various causes within the hourly female group. For the middle

age-bands, 60-69 and 70-79, the number of observed deaths and person-years was large

enough for estimating death rates with acceptable reliability. However, there were

substantially fewer observed deaths and person-years of observation in the 50-59 age-band and

in the 80 and older age category. These differences reflect that blue collar women in post-

retirement died at a lower rate than their male blue collar counterparts.

As shown in Table 31, the number of deaths due to all causes in age-band 50-59

(SMR = 1.44) was nonsignificantly elevated. The elevation was attributed to 1.00 observed

cancer death (versus 0.70 expected deaths). The number of observed deaths for all causes

in the succeeding age-bands 60-69 (SMR = 0.90), 70-79 (SMR = 0.76), and 80 and older

(SMR = 0.35) exhibited mortality rates less than expected, but the differences were not

statistically significant.

In the all cancers category, 5.00 deaths occurred among the hourly female group.

Although the number of deaths was small, the mortality pattern of the hourly females was

generally better that of the hourly males. The SMRs for all cancers varied between 3.85 and

0.83 for different age-bands, with an overall SMR of 0.93 for blue collar females aged 50 to

80, and older. There were no statistically significant elevations or decrements in any age-band

for the pooled hourly female group. Here again, the number of cases was too small to enable

detection of any meaningful trends.

Table 32 provides a summary by facility of the number and types of cancers found in

the pooled female hourly group. Although no indepth analysis and subsequent discussion is

provided relative to Table 33, the data is offered to demonstrate how small sample size may
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TABLE 33

SMRs for All and Specific Causes of Death Observed in the Combined Salaried
Female Cohort: 19^1979

ICD 8 Category Observed Expected SMR

000-998 All Causes 17 22.33 0.76
140-209 All Cancers 5 5.37 0.93
230 Neoplasm of Unspecified 1 0.03 33.33

Nature of Digestive Organs
250 Diabetes 1 0.24 4.17
290 Mental Disorder (Senility) 1 0.00
483 Pneumonia 1 0.43 2.33
795 Sudden Death (unknown) 1 0.10 10.00
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cause SMRs to loolc excessively high when, in fact, in this study they were predominately

based on expected values less than 1.00.

The overall number of deaths due to circulatory diseases (SMR = 0.61) was lower

(p < .05) than expected. The number of observed deaths by 10-year age-bands 60-69

(SMR = 0.82) and 70-79 (SMR = 0.67) was also less than e3q)ected, but none of the

decrements were statistically significant. There were no deaths observed in the 50-59 and 80

and older age-bands. The mortality ratios for the hourly female population were not

congruent to those of the hourly male population, but were very similar to those of the

salaried female population. In the female hourly population, there were only two instances

in which SMRs for investigated causes of death were greater than 1.00. These slightly

elevated SMRs could be of biological importance even though they were not statistically

signiOcant. In general, the mortality from all causes, all cancers, and circulatory diseases in

the hourly female population compared favorably to that of the U.S. population.

Replicated null hvpothesis-4 (there will be no differences in survivorship and mortality

experience for the combined hourly female populations from ORNL, ORGDP, and Y-12

when compared to the U.S. for diabetes, all respiratory diseases, cirrhosis of the liver, genitor-

urinary diseases, accidents, and suicide) was accepted. However, reolicated alternative

hvpothesis-4 (excess in the death rates will be seen for the combined hourly populations of

ORNL, ORGDP, and Y-12 when compared to the U.S. for all causes, all cancers, circulatory

diseases (i.e., cardiovascular and cerebrovascular diseases combined], and diseases of the

digestive system) was rejected.
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Analyses of the Direct Comparison of the Standardized
Female Pooled White Collar Population to the Female
Pooled Blue Collar Population and Hypotheses Outcomes

As in the two previous phases of the female analyses, mortality outcomes in this phase

were investigated for all and selected causes of death within a single combined hourly

population. Once again, the major reason for combining data firom different DOE plants was

to increase precision of risk estimates. The principal difference between this female analysis

and the previous female analyses is that pooled salaried females were used as the standard

population for comparison. This analysis was limited to the investigation of all causes, all

cancers, and diseases of the circulatory system since they comprised the vast majority of

deaths in both the hourly and salaried population. The following age-band standardization

formula was used to convert the salaried female population to a standard group:

Age-Band = Observed White Collar X Person-Years Blue Collar
Person-Years White Collar

= Expected Blue Collar (based on white collar)

= Observed Blue Collar

Expected Blue Collar

= SMR

Table 34 shows the cause-specific SMRs for the pooled hourly female population

relative to the standardized salaried female population for the years 1960 through 1984. The

overall SMR (1.08) for all causes in the pooled hourly female population was slightly elevated

(95% C.I. = 0.63, 1.72). For the all causes category age-specific SMRs were somewhat

sporadic over every age-band. The ratios for all causes varied between 0.77 and 2.86 for the

different age-bands; however, no SMR differed significantly from unity. No strong upward

or downward trend was apparent
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There was no evidence of mortality gradients for all cancers or for diseases of the

circulatory system in the pooled hourly female population when it was compared to the

standardized group. The ratios of age-specific mortality rates for 5-year age-bands tend to

varied over a smaller range than in the all causes category, but the vast majority of ratios were

greater than 1.00. These ratios had wide confidence limits and, thus, less precision than those

derived from the all causes category. There were too few deaths from all cancers (0/E =

5/4.52) and circulatory diseases (0/E = 7/6.50) to warrant a more detailed analysis of these

numerically unstable estimates. Therefore, for the female retirees the small number of deaths

from all cancers and circulatory diseases in both the pooled hourly female group and the

pooled salaried female group precludes inferring that the risks of these diseases were greater

for one group than for another.

Replicated null hvix)thesis-5 (there will be no differences in survivorship and mortality

experience for the combined hourly female populations from ORNL, ORGDP, and Y-12

when compared to a standardized white collar population from the same facilities for diabetes,

all respiratory diseases, cirrhosis of the liver, genito-urinary diseases, accidents, and suicide)

was rejected.

The rejection of replicated alternative hvpothesis-5 (excess in the death rate will be

seen for the combined hourly populations of ORNL, ORGDP, and Y-12 when compared to

a standardized white collar population from the same facilities for all causes, all cancers,

circulatory diseases [i.e., cardiovascular and cerebrovascular diseases combined], and diseases

of the digestive system) is consistent with the previous female findings in this study; that is,

socioeconomic status has no apparent influence on death rates in the female study cohort.
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General Discussion

The results of this portion of the investigation indicate that the overall mortality

experience of retired females, regardless of socioeconomic status, from the DOE-Oak Ridge

facilities was better than or consistent to that of the total U.S. population for all causes of

death, all cancers, and circulatory diseases. This finding is probably attributed to a cany-over

in superior health status enjoyed during the retirees' employment years. It would appear that

the traditional jobs held by women in an occupational setting has had a profoundly beneficial,

though largely unplanned impact on the general health status of this population during its

post-retirement years.

Female salaried jobs are fewer in number than male salaried jobs and are concentrat

ed in lower-middle-class levels, primarily weekly white collar positions (e.g., secretary, records

clerk, or laboratory technician). These types of jobs are normally non-strenuous and, more

importantly, are typically located away from radiation and chemical hazards that have long

latency periods.

Conversely, women who choose a blue collar occupation are concentrated in the

unskilled or semi-skilled positions (e.g., cafeteria worker, janitor, or laborer). Masculine jobs

in the blue collar ranks traditionally were associated with skilled crafts (e.g., pipefitter,

electrician, or machinist). In other words, androgynous positions are few and far between in

the hourly workforce. This finding is reflective of the relatively small number of blue collar

women who retired from the facilities under investigation. Surprisingly, both white and blue

collar female work patterns did not radically changed over the time period being investigated.

This appears to be a major reason for the better than average longevity rate displayed in the

female study group when it was compared to the average longevity rate of the U.S.

population.
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Within the total study population, the male-female survival rates tended to become

more diverse with age. Even though minor significant increases or decreases were found in

the mortality rates of the male cohort, there was no mortality rate significance found in the

female group due to its small size. For example, there was an overall deficit in the number

of deaths from all causes, all cancers, and all circulatory diseases in both the white and blue

collar female groups when compared to the U.S. population. Some researchers may suggest

that such deficits are a direct result of the small sample size in the female population (Collins

and Redmond, 1978).

Another possible explanation for the deficit findings in the female groups could be

that women were excluded during their working years from various jobs or workplaces that

were suspected of posing greater toxicological risk to female reproductive capability. Women

were probably excluded from certain jobs because significant doses of radiation are known

to cause miscarriage, infertility, and even birth defects (Levy, et al., 1984). Additionally,

females were more than likely kept away from jobs involving chemicals because, when

compared to the effects of radiation, the effects of exposure to complex chemical products

create an equally hazardous risk to female sex organs (Messite and Bond, 1980).

The aforementioned findings not withstanding, it is believed that the practice of

excluding women from certain jobs during the early years (1940s to mid-1960s) of DOE-Oak

Ridge operations was caused more by masculine labor force behavior than by a true concern

for female health. An exclusionary policy based on sex for particular jobs generally was

accepted throughout the country (Van Horn, 1989). It was not until the 1960s that serious

consideration was given to the exclusion of females from various workplaces because of

toxicological hazardous (Messite and Bond, 1980). Although no hard evidence was found to

support the assumption, the retired Oak Ridge female population being studied did appear
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to fall within this exclusionary trend. Nevertheless,the person-years data shown in Table 28

seems to support Van Horn's exclusionary theory.

For example, the hourly populations of ORNL and ORGDP contained only 405.84

person-years, as compared to 2,687.38 person-years in the female salaried populations from

the same two sites. Such small numbers imply that hourly females were more frequently

excluded from employment than their salaried counterparts at ORNL and ORGDP. The

Y-12 population showed little difference in the general makeup of hourly (549.64 person-

years) and salaried (696.02 person-years) females. This makeup was probably due to Y-12

employing predominately blue-collar personnel. Even so, the small overall number of person-

years (1.245.66) in the Y-12 group signify that females were excluded from certain jobs. The

small number of females (387) in this cohort more than likely was essentially attributed to the

exclusion of women from androgynous positions within the three-plant workforce.

Female exclusion from exposure to hazardous work processes within the DOE-Oak

Ridge plant sites appears to have beneficially impacted female death rates. Tables 35 and 36

provide further evidence that female retirees from the Oak Ridge facilities had a higher

survivor effect than a comparable segment of the U.S. population. The higher survivor rate

also contributed to the mostly low SMRs that were observed in the female population.

Lifestyle factors provided another plausible explanation as to why overall death rates

were so unexpectedly low among both the white and blue collar female groups. Two

commonly-used socioeconomic predictors of mortality outcome in lifestyle behaviors are

tobacco usage and alcohol consumption. It is believed, however, since such behaviors for

women were more socially unacceptable during the early years of Oak Ridge operations

(1940s to mid-1960s), that these health-status risk characteristics were readily adopted by the
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TABLE 36

Number of Days Lived Following Retirement in the Female Hourly Population by
10-year Age Bands for ORNL, ORGDP, and the Y-12 Plant.

Survival Time (Days)
Total

Age 60-89 730-1459 1460-1824 > 1825 Dead

ORNL

50-54

60-69

70-79

80-H

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5

1

0

0

5

1

ORGDP

50-54

60-69

70-79

80-1-

0

0

0

0

0

0

0

0

0

0

0

0

0

2

0

0

0

2

0

0

Y-12

50-54

60-69

70-79

80-1-

1

0

0

0

0

1

0

0

0

1

0

0

0

3

3

0

1

5

3

0

Total

Dead 14 17
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average female worker. While there is no data to support the foregoing assumption, the

causes of death among the female population tend to suggest that physical-risk lifestyle

behaviors are not necessarily one of the better estimators of true mortality risk in such a

cohort

By using the standard mortality ratio as a means of comparison, the mortality

experience between two different combined female groups was examined in relationship to

socioeconomic status in an attempt to measure the magnitude of carry-over in the HWE. For

the most part, overall SMRs for females were impressively low regardless of socioeconomic

status, although some variation was observed within the 10-year age-bands. The overall

deficits in SMRs were unexpected.

One of the major health concerns of retirees fixjm an industrial setting is the

possibility of a latent risk of lung or respiratory disease (Shindell, et aL, 1978 and Sterling and

Weinkam, 1986). Therefore, one would expect to see a steadily unfavorable mortality

experience as a given retiree ages (McMichael, 1976). However, this did not prove to be the

case with white or blue collar women. Even those diseases with long latent periods (Le.,

breast cancers, genital cancers, and other neoplastic diseases) have been found to be of

marginal risk to the female study groups when compared to the U.S. population.

Cancer deaths were distributed over seven organ-specific locations (see Tables 29 and

32). Twenty-nine percent of all deaths in the female population appeared to be caused by

malignant neoplasms. The number of observed deaths for all cancers was less than expected

for both the white and blue collar females (SMR = 0.91 and 0.93, respectively), but the

difference was not statistically significant.

When the female groups were compared to one another, the white collar female

mortality experience was only slightly better than that of the blue collar group. Here again.
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8 possible reason for the positive correlation among the overall female mortality rates may

be due to compatibility in lifestyles. It is believed that a large portion of females in this study

routinely took extensive medical examinations that probably resulted in the early detection

of many chronic diseases. Medical intervention may then have influenced the reduction in

age-specific and overall deficits in female death rates more than did the females' socioeco

nomic status.

nie long follow-up period (> 34 years) did not nuUified the HWE in either the white

or blue collar females when compared to the U.S. population. Thus, the female results shed

new light on the question of whether or not higher incomes or education levels are associated

with lower mortality rates. The results of the female analyses tend to support the hypothesis

that, for retired women of the Oak Ridge facilities, socioeconomic status was not directly

associated with survival.



CHAPTER V

SUMMARY, MAJOR FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

This research was undertaken to analyze the nature and extent that the Healthy

Worker Effect (HWE) continues to actively operate in post-retirement and to ascertain if,

in fact, the HWE is impacted by socioeconomic status. This study has unique importance due

to the timeliness of occupational health issues. There is a great deal of interest in this area

from the Department of Energy (DOE), and there is a real need for additional knowledge.

Since this is the first singular investigation of retirees, insight derived from this

research can provide public health professionals with a solid background to evaluate cause-

specific mortality in older persons. The health professionals can then make better employee

health decisions either through awareness training or engineered control measures. As a

result, significant conclusions and their implications will be discussed in this chapter along with

recommendations for future research.

Summary

The analyses described in this study show that several factors are associated with the

level of mortality of the DOE-Oak Ridge retired population when it is compared to a similar

segment of the U.S. population. The relative contributions of these factors may be divided

into three major categories. The first category concerns socioeconomic status and the overall

number of deaths observed in the investigated white and blue collar populations. The

standardized mortality ratios relative to the retired cohorts' job status (e.g., salaried or

182
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hourly) at retirement are reported in several tables in Chapter IV.

Although the underlying standardized mortality ratios help to explain the significantly

high variances displayed in age-specific mortality rates for blue collar male retirees from all

causes, all cancers, and circulatory diseases, these findings do not provide a resolution to the

question of the impact of socioeconomic status on mortality. Based on findings about the

males being studied, it seems reasonable to speculate that higher real income partially explains

mortality differences in the male white and blue collar populations. It is surprising, however,

to find that socioeconomic status virtually has had no influence on female survival rates in this

study. This finding may be the result of no significant differences in real income between

white and blue collar females.

In general, the mortality pattern indicates that socioeconomic status has a negative

effect for blue collar male retirees, particularly between the ages SO to 64. For white collar

male retirees socioeconomic status has had a positive effect and, for both white and blue

collar females, the socioeconomic status of retirees has had a null effect. These

generalizations can be made with regard to the male cohort whether or not the white and

blue collar analyses are performed by individual plant or by combining plant sites. Small

sample size in both the white and blue collar females precludes such broad generalizations.

Nonetheless, these findings should not be too surprising since socioeconomic status

has been shown to be linked to the level that one participates in the workforce. The results

of this study suggest that people with greater economic means (salaried male employees) in

their employment years usually have lower overall mortality rates after retirement. Thus, the

level of participation in the workforce could conceivably affect one's survival following

retirement
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The second major factor influencing mortality levels of the subjects being studied

relates to the general health status of individuals selected for employment at the DOE-Oak

Ridge facilities during the World War n era. As suggested in other studies of DOE facilities,

the war emergency caused a significant decrease in the number of males whose health status

would meet peacetime employment standards. Therefore, many males (predominately blue

collar) who bad questionable health status were accepted for employment (Dupree, et aL,

1987; Cragle, et al., 1988; and Frome, et aL, 1990). The postulation that males hired during

the World War n era (research of Oak Ridge workers done by Frome, et aL [1990] ascribed

this period to be before January 1,1948) may be less healthy than other male subjects in the

study population appears to have some merit The basis for agreement with Frome's research

is evident in the percentage of the total numbers of deaths in the study cohort relative to

dates of employment. For example, of the 4,444 subjects that made up the study population,

61.4%, or 2,729 persons, were hired before January 1,1948. Of that number, 1,117 persons,

or 65.9%, are dead. Oanversely, the study population was comprised of 38.6%, or 1,715

persons, who were hired on or after January 1, 1948. Of that number, 576 persons, or 34%,

are dead. The employment standards did not change for the female group because the war

did not markedly affect the available female labor force; however, no data are offered to

support this assumption.

One effect of the individual selection factor is suggested by the statistically significant

differences observed in standard mortality ratios (SMRs) by socioeconomic status. The

highest overall SMRs are seen in the Oak Ridge Gaseous Diffusion Plant (ORGDP) blue

collar male population for all causes, all cancers, and circulatory diseases. The overall SMRs
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are lowest for all causes and all cancers in the Oak Ridge National Laboratory (ORNL) white

collar male retired population. In contrast to this, SMRs are lowest for circulatory diseases

within the Y-12 Plant (Y-12) white collar male retired population. Most of the deaths in the

Y-12 blue collar male retired population have occurred from circulatory diseases. However,

the number of observed deaths is less than expected and includes a larger than average

proportion (22%) of decedents from this total blue collar population.

Another possible effect of the selection of unhealthy workers for the initial Oak Ridge

workforce could be elevated mortality rates that signiflcantly differ from those of the general

U.S. population. In this study analyses based on data for all retirees by pay status indicate

that SMRs are highest for the blue collar male group age-bands 50-54 and 55-59 immediately

following retirement for the three causes of death investigated (see Tables 14 and 18).

However, the salaried males and both the salaried and hourly females did not have the

consistently high SMRs over the same age-bands. The blue collar male retirees probably

represent a group of individuals who left the workforce because of a chronic illness. This

point is strongly presented in Table 21, Part B, in which the data reveals that those individuals

retiring early (i.e., before age 62) exhibit death rates significantly higher than the general

population. Aside from this logic, there is no clear explanation for the difference in the

SMRs.

The third major factor influencing mortality rates in this study is the level of longevity

in the total study population relative to sex-age-specific mortality. It has been suggested that,

for most species, females outlive males (Comfort, 1979); this study finds no exception. Hence,

the evidence presented in this study suggests that two key factors are primarily responsible
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for the favorable mortality experience of females. The first factor affecting mortality rates

is the initial selection of healthy females into the workforce. The second factor influencing

mortality is the exclusion of women from certain hazardous jobs and workplaces that may be

associated with diseases having long latent periods. Consequently, these findings suggest that

health-related selection and work-related exclusion continue to exert a favorable effect on

female death rates in post retirement.

In summary, the evidence presented in this study tends to suggest that occupational,

as well as lifestyle, factors may be implicated in the etiology of causes of death investigated.

Conversely, several other observations suggest that no association is present When

comparisons are made internally and with the U.S. population, hourly male retirees are

observed to have an excess number of deaths fi-om all cancers and, in some age-specific

instances, circulatory diseases; but salaried males and all females do not However, because

the total female population is very small, the true risk of occupational susceptibility to

diseases may be underestimated.

The analyses of retired males from the Oak Ridge facilities lend support to the

postulation that socioeconomic status has a profound effect on death rates. Similar

conclusions were reached by Boaz and Muller (1990). They found that mortality is more

pronounced in men who worked in physically demanding jobs (i.e., blue collar workers).

Further analyses showed that such men tend to be poorer and less educated and tend to have

less-than-adequate medical insurance or Medicare coverage in their retirement years.

Nonetheless, in the present study the reason for the differential mortality patterns identified

is unclear and, since there are few published analyses of similar cohorts, the mortality patterns

make the study's results difficult to interpret
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Although it was unexpected to find the all causes SMR significantly elevated in the

combined blue collar population (see Table 16), the elevation is probably due to a lack of

carry-over in the HWE. The statistically significant excess in the all cancers category

contributes the largest component of the significantly elevated all causes SMR. One should

also be aware that the significantly elevated mortality experience seen in the blue collar male

population is the direct result of death rates being significantly elevated in hourly males who

retired before age 62 (see Table 21, Part B).

Because the vast majority of malignant neoplasms in the blue collar male population

is associated with cancer of the lungs (see Table 18), heavy tobacco use is suspected as a key

contributing risk factor for the statisticaUy significant elevation in death rates fipm this cause.

This suspition cannot be confirmed because information relative to the cohorts smoking habits

was not accessed. In addition, this study did not focus on radiation and chemical hazards in

the DOE-Oak Ridge plants, thus a detailed assessment of respiratory cancers was not

performed. There is insufficient evidence available at the present time to attribute the

significantly elevated death rates in the male blue collar population to any specific

occupational or lifestyle factors.

Major Findings

This study has shown that the level of mortality in a retired occupational cohort is

likely to depend on the retiree's socioeconomic status, sex, and other health-related

characteristics. The mortality rates are low for the investigated causes of deaths among the

salaried males and the salaried and hourly females.

Deficits in mortality from all causes combined, all cancers combined, and all circulatory

diseases combined are commonly attributed to the HWE (McMichael, 1976). Because many
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retired blue collar males engaged in physically demanding jobs during their working careers,

it would have been expected that this population would have a reduced risk of mortality for

some period of time following retirement as a result of carry-over in the HWE. It was

unexpected, however, to find that no effect existed in the male blue collar population when

the hypotheses relative to this subgroup were tested. Statistical findings are grouped based

on the research questions and corresponding hypotheses presented in Chapter 1.

Findings 1 and 2 apply to research question 1; findings 3 and 4 apply to research

question 2; and findings 5 to 12 apply to questions 3 and 4. The findings of this investigation

are summarized as follows (see Chapter IV, "Hypotheses Outcomes," for complete

statements):

1. Overall death rates were essentially the same and, m most cases, lower than

expected when compared to the general population for specific causes

investigated (null hvpothesis-lV

2. The lower-than-expected death rates for all causes, all cancers, and circulatory

diseases in the salaried cohort across each facility supports the postulation

that the HWE actively continues in following retirement (alternative

hvpothesis-lV

3. Death rates were slightly different from expected for all causes in the blue

collar male subgroups of ORNL and Y-12. It was unexpected, however, to

find the all causes category significantly elevated in the ORGDP blue collar

male subgroup (null hvpothesis-2V

4. There is strong evidence to suggest that the overall mortality risk is

significantly increased among those blue collar workers who retired before age

62 from the DOE facilities investigated (alternative hvpothesis-21.
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5. When the facility-specific cohorts were combined into a single salaried male

cohort, there was essentially no difference in death rates and, in most

instances, rates were lower than expected when compared to the general

population for specific causes of death investigated (null hvpothesis-Si.

6. Death rates were lower than expected for the specific causes investigated

(alternative hvix)thesis-31.

7. No strong upward or downward trend in mortality was evident in the pooled

blue collar male cohort when compared to the U.S. for selected causes (null

hvpothesis-4').

8. Significantly elevated numbers of death were found in age-specific categories

for all causes combined and all cancers combined (alternative hvpothesis-41.

9. When the pooled hourly male population was compared directly to the pooled

salaried male population for selected causes of death, essentially no

differences in mortality were found (null hvpothesis-51.

10. The overall number of deaths observed in the pooled hourly male population

was found to be signiGcantly elevated for all causes combined, all cancers

combined, and all circulatory diseases combined when compared to the pooled

salaried male population (alternative hvpothesis-51.

11. There were essentially no differences between the mortality experience of the

pooled hourly female population and the pooled salaried female population

when compared to the U.S. or when compared to each other for selected

causes of death (reolicated null hvixjtheses 3. 4. and 51.
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12. When compared to the pooled salaried female population, death rates were

basically as expected for the pooled hourly female population for all causes

combined, all cancers combined, and all circulatory diseases combined

Creplicated alternative hypotheses 3. 4. and 51.

Conclusions

The analyses conducted to investigate the magnitude of the HWE resulted in the

above findings. On the basis of these findings, the following conclusions were drawn:

1. Salaried males who retire at or after age 62 fixjm any of the three DOE-Oak

Ridge facilities investigated can generally expect that their mortality rates from

all causes will be better than those of the general population (null hypotheses

1 and 31.

2. Salaried males who retire at the normal retirement age (i.e., age 65) will

generally live beyond the standard life expectancy (i.e., age 72) for males in

the general population (alternative hypotheses 1 and 31.

3. There is a carry-over in the HWE which continues for salaried male retirees

at least until the age of 80 years (null hypothesis 1. 3. and 51.

4. Overall, the retired blue collar males at ORGDP and Y-12 appear to be at

a significantly elevated risk of mortality from some cancer-specific categories

when compared to the general population (alternative hypothesis 5V

5. When taken together (pooled) and compared to the salaried male retired

population and to the U.S. population, the overall death rates in the retired

blue collar population from all causes are significantly elevated over the

expected values. This finding is consistent with the epidemology literature on
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mortality among blue collar workers. Possible explanations for the variations

in death rates are given in the previous discussion (null hvpotheses 2 and 4

and alternative hvpotheses 2 and 41.

6. When the blue collar male population is stratified by age at retirement and

by pay status it becomes clearly evident that those individuals who retire

before age 62 are at a significantly elevated risk of mortality from all causes

combined, all cancers combined, and circulatory diseases combined. Also, the

elevated cumber of deaths in this retired blue collar group (younger than 62

years) is the primary contributor to the significantly elevated mortality findings

in the previous analyses of death rates for the total hourly cohort The data

suggest that the elevation of mortality among 50-61 year age groups may be

due in part to deaths of workers who retired early because of ill health fnull

hvpothesis 51.

7. Those blue collar males who retire after age 62 are generally expected to live

beyond the standard life expectancy (i.e., 72 years) of the general population

(alternative hvpothesis 51.

8. There is a carry-over in the HWE for those blue collar males who retired at

or after age 6Z The carry-over is shown to last for a protracted period of

time following retirement (i.e., to age 85 and older) (alternative hvpotheses

4 and 51.

9. The female cohort, regardless of pay status or age at retirement, essentially

has death rates lower than those of the general population. This favorable

mortality experience can be attributed to the HWE (null hvpotheses 3 and 41.
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10. The female retirees, regardless of pay status, basically have lower mortality

rates than their male counterparts who retired from the same DOE-Oak

Ridge facilities. Possible explanations for these findings include the likelihood

that females were not assigned to certain hazardous jobs. Also, the past

differentials between male and female smoking habits account for the major

proportion of the current differentials in lung cancer mortality among males

and females in the general population (replicated alternative hypotheses 3. 4.

and 51.

11. When comparison of the female study population is made by pay status (white

collar versus blue collar), there are essentially no differences in the mortality

experience between these two groups. It is concluded that the exclusionary

principal is the key to the similarity in death rates (replicated null hypothesis

5).

Recommendations

Based on the evidence presented in this study, it is recommended that a follow-up of

the total study population is needed to evaluate the stability of the HWE relative to its

relationship to socioeconomic status. Moreover, this study demonstrates that the small

number of person-years in the female population precludes confident deductions regarding

this group's favorable overall mortality experience following retirement or its linkage, if any,

to occupation. It is recommended, therefore, that continued foUow-up of the female cohort

is needed to more accurately understand how specific occupations affect a woman's post-

retirement mortality risk. Additionally, it is also suggested that continued foUow-up of retired
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DOE-Oak Ridge workers include minorities. The inclusion of minorities in future studies of

the Oak Ridge facilities may provide a more holistic picture of the estimate of true risk from

occupational hazards.

In recent studies, researchers have suggested that the etiology of certain occupational

diseases may be linked as causal factors to chemical materials, more than to radioactive

sources (Waxweiler, 1986 and Dupree, et aL, 1987). Hence, it appears that this retiree study

may provide clues to occupational hazards from diseases either having a long latency period

or diseases requiring long exposure times, or both. A shortcoming of the study, however, is

that direct comparison of the data with results from previous studies of DOE facilities is not

necessarily valid due to age-specific difrerences in the cohorts.

This mortality study has provided an illustration of individual and combined analyses

of data from three DOE retired worker populations. It is felt that such analyses provide a

reliable basis for submitting the evidence on the HWE and how this phenomenon is impacted

by socioeconomic status. Based on the findings of this study, it appears that retiree studies

could provide a useful means to assist in the detection of some occupational hazards.

However, one should be aware of the increased likelihood of spurious negative Endings

caused by the factors of age, sex, race, and small sample sizes. Also, the Endings from a study

of retirees will not be directly referencable to the entire population of workers.

The Endings of this study also strongly support the hypothesis that a retiree's Enal job

status may signiEcantly influence the cany-over in the HWE following retirement, particularly

if that person is an hourly male and retires at or before age 62. The age effect may be

associated with poor health status prior to retirement. As such, this study has heavily

underscored the need for further research in this important and complex area. Further
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follow-up of this cohort should use a study design that will examine the independent and

combined effects of potential work-related exposures, such as radiation or chemical, and

lifestyle behaviors (e.g., tobacco, alcohol, or substance abuse).



CHAPTER VI

THE STUDY IN RETROSPECT

This retrospective cohort study described the mortality experience of white males and

white females who retired from government facilities in Oak Ridge, Tennessee between 1960

and 1979. As demonstrated in the study, mortality patterns do vary among people of different

economic class. Moreover, this study has added to the body of knowledge regarding active

duration of the healthy worker effect in post retirement

Social class gradients of mortality and life expectancy have been observed for

centuries; this study was no exception. A large body of evidence has consistently shown that

those in the lower socioeconomic levels have higher mortality rates. This researcher offered

the explanations of lifestyle, poor education, and ability to cope with stress as factors which

may directly or indirectly result in such health outcomes as poor nutrition, poor medical care

(i.e., not being able to afford health care other than that provided by an employer) and the

potential for exposure to noxious agents. While these explanations possibly accounted for

some of the observed relationships, this researcher found them not to be totally adequate (in

a holistic sense) to explain the large number of observed deaths associated with males from

lower socioeconomic status in this study cohort. Nonetheless, the existing evidence on

socioeconomic issues implied a positive correlation exists between one's job status and one's

longevity.

It should come as no surprise that research of retirees from the DOE-Oak Ridge

facilities was heavily supported by Martin Marietta Energy Systems and the DOE. To a large

195
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extent, this may be due to the fact that the elderly population will place a significant medical

burden on the remainder of the working population in years to come. Therefore, it is in the

best interest of corporate America to try and keep individuals mobile and self-sufficient well

into their retirement years. This study provided an initial overview of the state of the health

in the retired DOE-Oak Ridge workforce. To the best of this researcher's knowledge, until

this investigation no formal information had been compiled on differences between

socioeconomic groups and their mortality experience following retirement

It is believed by the researcher that both Martin Marietta Energy Systems and the

DOE have recognized the need for investing in the health education of its young employees.

Employees are increasingly being made aware that medical and biological achievements have

extended the life span. However, as people age their frequency of disease often increases.

Hence, it is important to train young healthy employees how to take a greater individual

responsibility for their own health and physical well-being. The magnitude of the impact of

such a training effort is expected to reduce the large amount of resources spent on health

care delivery without jeopardizing the overall quality of medical care for older and retired

persons. The concept of self-responsibility for one's own health is not new. This concept,

however, now takes on new meaning because the number of the very old is rising rapidly in

the Oak Ridge retired community and because there is little in the way of historical

experience and information to help interpret factors which may affect survival. This

investigation should enable future epidemiologic studies of other Oak Ridge retired cohorts

to maximize consideration relative to implications of relationships between socioeconomic

indicators and health.
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In view of the inCTeasing attention and emphasis being directed toward closer control

of employee exposure to potentially hazardous materials in the workplace, it is anticipated

that retirees will be used as a barometer to evaluate the impact of specific work-related

exposures. For example, the theory of tortious negligence has been used in cases where

workplace hazards have been strongly suspected to be the cause for illness or death. In such

cases substantial damages have been awarded in civil suits for both active and retired workers

(Mosser, 1985). This researcher assumes that this is undoubtedly the courts' "cause and

effect" remedy of putting industry on notice that it is responsible for safeguarding the health

of its workforce against occupational hazards.

This study has provided an illustration of single and combined analyses of data from

three nuclear worker populations. This researcher believes that such analyses provide one

of the most reliable bases for summarizing evidence of the effects occupational exposures

have on one's overall health status.

The results of this study should be received with interest by the community of

occupational epidemiologists. The HWE is something that is often mentioned in the context

of studies of workers where the mortality rates of the worker population are compared to the

rates of the U.S. population. This study offered the opportunity to see how the HWE

operates in a relatively large population of retired workers. The fact that all workers in this

study were retired allows the examination of the HWE in a group of people who are no

longer working, yet still have a relatively good level of income. With the exception of the

people who retired before age 62, one could probably generalize and say that the individuals

in this study were still healthy enough to work, but did not continue to work because of their

age. It could be seen from this study that the HWE continued to be evident after retirement

in the workers who left the plant at age 62 and older.
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Most occupational studies are initiated in order to determine whether there are any

health hazards related to employment in an industry. The workers who yield the most

information about any disease exposure relationship are usually the workers who have been

employed the longest period of time in the industry, and thus have the highest potential for

exposure to occupational hazards present at the facility. As demonstrated in this study of

long-term workers (i.e., retirees) these workers are likely to show deGcits of deaths when

compared to the U.S. standard population for many years after retirement. In order to detect

increases in death rates in these long-term worker populations, it may be necessary to use an

unexposed worker group as a comparison, or to develop new ways to interpret the magnitude

of the SMRs.

In conclusion, this investigation has assessed the HWE question by making use of a

wide range of vital statistics and survey data currently avaUable at the Center for

Epidemiological Research, Oak Ridge Associated Universities, Oak Ridge, Tennessee. It is

realized that some of the data sources used in this investigation did have limitations;

nonetheless, this researcher is conGdent that the insight gained into health-related questions

can in the future improve the health of older workers. However, this project has only set the

stage for further follow-up of this retired cohort by other University of Tennessee health

education scholars.
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