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A LONGITUDINAL MULTIDISCIPLINARY STUDY OF HUMAN AGING: SELECTED METHODOLOGICAL ISSUES

George L. Maddox, Duke University

The Department of Psychiatry at the Duke
University Medical Center is conducting an ex-
ploratory study of human aging focused on se-
lected physical, psychological, and social cor-
relates of the aging process. In this study a
number of the aging processes have been studied
simultaneously by persons representing various
disciplines. The intention has been to maxi-
mize the number of variables which might be
introduced in the study of any single process
of change as well as to explore the interrela-
tionship of various processes.

Aspects of the design for this research will
be described, and some of their consequences
for the interpretation of data will be assessed.
Two characteristics of the research design are
of special relevance for this discussion:

1. The subjects of the investigation are
volunteers from among persons 60 years
of age and over who were living in a
community at the time they indicated
a willingness to come to the medical
center for two days of interviews and
clinical evaluations.

2. The focus of the research is on the
processes of change as well as on the
changes commonly observed among elderly
subjects. Continued observation of the
same subjects over an extended period of
time has been considered basic.

Sampling procedure and panel maintenance
in longitudinal studies are not novel methodo-
logical issues., They are, however, persistent
issues, and the method of handling them is
fundamentally related to the analysis, inter-
pretation, and generalization of research data.
The purpose of this paper is to illustrate this
relationship within the context of a specific
research enterprise. In order to place de-
cisions about research design in context, it
will be helpful to describe briefly the devel-
opment of this particular research project.

The consequences of these decisions for data
analysis will then be assessed. No attempt will
be made to summarize substantive findings.

Origins of the Research Project

The research under consideration is gener-
ically related to an investigation of senile
patients begun more than a decade ago at the
University of Colorado School of Medicine by
Dr. E. W. Busse and his associates. Initially
this research was focused on changes in the
aging central nervous system as revealed by
electroencephalographic records. In order to
develop standards for evaluating the clinical
records of senile elderly persons, volunteer
subjects with a wide range of socioeconomic
characteristics were used as normal controls.

The volunteers included the old and the young,
indigents and professional persons, the employed
and the unemployed, the sick and the well. The
initial findings suggested differences between
the EEG records of institutionalized and non-
institutionalized subjects; moreover, among non-
institutionalized subjects, differences were re-
lated to variations in health and in socio-
economic circumstances.

The Colorado experience demonstrated the

importance of extending the use of normal con-
trols in developing standards for the inter-
pretation of EEG records in elderly subjects.
It also suggested the need to investigate inter-
relationships among the physical, psychological,
and social correlates of these differences, and
changes in their relationships through time.

The research was subsequently continued at
Duke, and by 1957 electroencephalographic re-
search was being conducted simultaneously among
elderly persons in a private home for the aged,
senile patients in a state mental institution,
and non-institutionalized subjects living in
and around Durham, North Carolina. These last
subjects, recruited individually and through
various community organizations serving older
persons, included retired professionals and
executives as well as persons from lower socio-
economic strata,

Other medical specialists and social scien-
tists joined the psychiatrists in making plans
for extending the scope of the research to ex-
plore the correlates of central nervous system
change. In this planning, understanding dif-
ferences in the changes experienced by the same
elderly person through time emerged as the
central issue. Initial interest in the non-
institutionalized subject developed as a re-
action against the obvious inadequacy of apply-
ing observations made on institutionalized
elderly subjects to elderly persons in general.
This interest was given a decided boost by in-
creasing national concern about the problems of
non-institutionalized elderly persons. Conse-
quently, it was decided to undertake a longi-
tudinal, multidisciplinary investigation of the
aging central nervous system and its correlates
among non-institutionalized elderly subjects.

Selection of Subjects

The issue of sampling appropriate for the
proposed research posed a basic problem. A re-
view of the minutes of the seminar withinm which
the research design was developed indicates that
the discussion went something like this:

Persons engaged in a scientific enterprise
can concern themselves with generalizations
about the distribution of some characteristic or
variable within a population; the epidemiologist,



for example, is preoccupied with this type of
generalization. But a scientist may also be
interested in the relationship between or among
characteristics or variables independent of
their distribution in a population. The scien-
tific experiment that seeks to relate variables
X and Y under given conditions is a case in
point. Generalizations of the first type re-
quire the investigation of some universe or of
samples representative of that universe. Gen-
eralizations of the second type require, as a
minimum, control of variables presumed to be
relevant. While optimum research design should
provide for both types of generalizations,
practical considerations frequently make it
necessary to choose one or the other type as an
immediate goal.

With appropriate misgivings, the research
group at Duke decided to continue the practice
of recruiting volunteers rather than attempting
to involve a randomly drawn sample of elderly
non-institutionalized subjects in research that
would require intensive clinical evaluation.

In recruiting more volunteers from the community
however, an attempt was to be made to develop a
panel of subjects 60 years of age and older
whose age, sex, ethnic, and socioeconomic char-
acteristics would reflect the range of these
characteristics found among older persons in the
locale. It was not the purpose of this pro-
cedure to provide the appearance of random
sampling without its substance, but rather to
maximize the variety of controls which could be
introduced subsequently. In time, 250 subjects
who met these criteria indicated a willingness
to participate in the research and completed

the initial two-day series of interviews and
clinical examinations, The only inducements
offered these volunteers were a free annual
medical examination, a subscription to a maga-
zine for elderly persons, and whatever satis-
faction the subjects derived from their partici-
pation.

One consequence of the decision to use
volunteer subjects was obvious. Generaliza-
tions from the data would necessarily be
limited to statements concerning the relation-
ship among factors in the aging process under
specified conditions. Statements about elderly
persons in general would not be warranted.

The deliberate decision of a research group
to use volunteers and to accept the conse-
quences of its decision does not have to be de-
fended. But an interesting question is posed:
Was there in fact a feasible alternative to
their decision? When the research project is
one which necessarily involves clinical evalu-
ations and which must be carried out among non-
institutionalized subjects, the answer seems to
be no. Attempts to involve randomly selected
non-institutionalized subjects in research re-
quiring clinical evaluation have not proved re-
warding. It is difficult to get subjects living
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in the community into a clinic for a single
examination, much less for a series of different
examinations; and the problem is intensified
with the increasing age of the subjects.

The decision to use a panel of volunteers
raises additional problems concerning subject
selection which are not resolved by restraint
in the generalization of findings. In addition
to being a crucial condition of generalizing
from a part to a whole, random selection pro-
cedure also has another function in research:
It presumably minimizes the probability of
introducing systematic bias from unrecognized or
uncontrolled but potentially significant sources
into the analysis of relationships among vari-
ables. For example, volunteers used as "normal
controls" in clinical research may in fact
neither be normal nor provide controls. In
specific instances it has been demonstrated
that volunteer subjects have introduced an un-
controlled but definitely biasing effect in
clinical experiments.z The fact that an indi-
vidual is not institutionalized and not a
patient does not necessarily make him a normal
control within any frame of reference.

Subtle as well as gross biasing effects
introduced by self-selection may also have a
bearing on the analysis of relationships among
variables. The Duke research project, for
example, was designed to explore selected
physiological, psychological, and sociological
correlates of central nervous system aging.
Each type of factor implies a number of universes
within which subjects may be ordered in some
fashion -- say, in terms of relative health or
illness, of higher or lower intelligence, of
greater or lesser age, or of higher or lower
socioeconomic status. Since a given individual
is a member of each of these universes simul-
taneously, it is difficult to parcel out the
effect of each factor in a given situation. If
the subjects are volunteers, they may represent
adequately the theoretically possible range of
health and illness but include only those who
are of higher intelligence and upper socio-
economic status; or they may run the gamut from
high to low socioeconomic status but include
only those who are relatively healthy and of
high intelligence; or the subjects may be con-
centrated among those who are in good health,
have high intelligence, and are in the upper
range of status.

In the absence of probability sampling, the
possibility of spurious relationships which are
artifacts of the sampling procedure is increased.
A cross sectional analysis of project data, for
example, indicated that activity, but not morale,
decreased with age among these elderly subjects.
That this finding is probably an artifact of the
age distribution of antecedent or intervening
variables known to affect the relationship be-
tween activity and morale will be illustrated
later.
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A number of studies involving non-institu-
tionalized elderly subjects have employed random
sampling procedure. The non-participation rates
in such studies have been high, especially when
clinical evaluation of subjects has been in-
volved. It is entirely possible that a high
refusal rate in such instances produces a
sample which is essentially the equivalent of a
collection of volunteers. To investigate this
possibility, the Duke panelists have been com=
pared with samples of elderly persons used in
other research projects.

Three types of comparisons have been made:
(1) a comparison in terms of selected physical
and mental health characteristics between the
Duke panelists and samples presumed to be rep-
resentative of local, regional, or national
populations of older persons; (2) a comparison
of the panel with itself at two points in time,
on the assumption that selective dropout of
subjects through time might provide a rough
indication of the characteristics of subjects
initially attracted to participate in the re-
search; and (3) a comparison, in terms of se-
lected characteristics, between some of the
panelists and a probability sample of elderly
white subjects drawn from the same community by
another research group for a survey of community
involvement and participation.

Selected comparisons with randomly drawn, non-
local elderly subjects

Physical health and associated degrees of
disability are principal variables in any in-
vestigation of the aging central nervous system.
The Duke research excluded the minority of
elderly persons totally confined to their home
by physical disability. Whether, among the
majority of mobile persons 60 years of age and
over, those in poor or good health would be more
likely to participate is problematical. A
partial answer to this question is provided by
a limited comparison with certain findings of
the National Health Survey.

The comparison is limited by the fact that
the National Health Survey utilized the reports
of respondents as the basis for assessing de-
grees of disability, while the comparable health
evaluation of the Duke panelists was based on
clinical examinations. Moreover, pathological
conditions appear characteristically to be
under-reported in surveys.“ One comparison
which does seem warranted, however, involves
the category of persons in each study rated as
severely disabled. The probability of coinci-
dence between self-reports and clinical evalua-
tions should be maximum in the extreme cases.
Thirty-three per cent of the persons 65 years
of age and older who were interviewed in the
National Health Survey reported that they were
either restricted in major life activities or
totally confined to the home as a result of
poor health. On the imitial clinical examina-
tions, 26 per cent of the Duke panelists were

assessed to be at least 60 per cent disabled in
carrying out normal life activities; and, when
the panelists were re-evaluated approximately
three years later, 33 per cent were so disabled.

The presence or absence of physical pathol-
ogy is related to an individual's assessment of
his health status, but is not synonymous with
it. Self-assessment of health status thus
provides another basis for comparing the Duke
panelists with a probability sample. Schnore
and Cowhig5 have reported the distribution of
self-assessment of health status among a ran-
domly drawn sample of persons living in several
metropolitan centers. Among their respondents
60 years of age and over, 46 per cent assessed
their health as "excellent" or "good"; among
Duke panelists, 52 per cent made this assessment,

Neither of the foregoing comparisons shows
a striking difference between the volunteer
panelists and randomly selected subjects who
were willing to participate in other studies.

A serious objection advanced against the
use of volunteers in clinical research is the
large proportion of persons with diagnosed or
diagnosable psychiatric illness who tend to be
attracted.6 Among the panelists at Duke,
however, 40 per cent were found to be without
significant signs or symptoms of psychiatric
illness, and only 6 per cent were classified as
psychotic., This distribution between the ex-
tremes of mental health and illness is similar
to comparable data based on mental health surveys
utilizing random sampling techniques.

An example is Gruenberg's epidemiological
study of mental illness among elderly subjects
in selected census tracts in Syracuse.’ Approxi-
mately 4 per cent of the respondents were
classified by him as dangerous to themselves or
unable to care for themselves. While the home
survey sample of Srole and his associates in
their study of mental illness in a metropolis
does not include persons beyond the age of 59,
only 38 per cent of the subjects between 50 and
59 years of age were considered to be either
"well" (unimpaired) or to exhibit only "mild"
symptoms., Dr, Leighton, in an epidemiological
survey of mental health in a small town in Nova
Scotia, also found that 14 per cent of the
respondents aged 18 and over were "asymptomatic"
and another 21 per cent were borderline '"nor-
mals."d Although she did not analyze her find-
ings in terms of specific age categories, the
Duke panelists obviously compare faborably.

Selected comparisons of the physical and
psychiatric characteristics of the Duke volun-
teers with subjects selected by random pro-
cedures do not indicate striking differences.

On the whole, the physical and mental health of
the Duke subjects appears to be slightly better
than that of the samples of elderly persons with
whom they are compared. These similarities do
not prove that the Duke subjects provide the



equivalent of a randomly drawn sample of elder-
ly subjects; rather, they indicate that the
relatively high refusal rate among older per-
sons asked to participate in surveys teads to
make the participating respondents essentially
the equivalent of volunteers.

Selective dropout among panelists

Of the 250 subjects for whom there was
relatively complete information at the end of
the first phase of the study, 182 (73 per cent)
repeated the two days of interviews and exami-
nations approximately three years later. Of the
68 who failed te return, 65 per cent had died
in the interim or had been immobilized by ill-
ness, 11 per cent had moved away, and the re-
maining 24 per cent imdicated in various ways
a reluctance to continue participation.

Three characteristics were observed with
significantly greater frequency in the subjects
who refused to return for the second phase of
the research than in those lost because of
death or immobility. Refusals were concen-
trated among (1) females, (2) subjects with IQ
(WAIS) scores below the median of the panel,
and (3) those clinically assessed to be in
relatively good health (less than 20 per cent
disability). In the case of this last factor,
the voluntary dropouts were concentrated among
sub jects who were medically assessed to be in
good health, but who assessed their own health
status as poor. Subjects who refused to return
also tended to be of lower socioeconomic status
and relatively inactive socially, although
these tendencies were not statistically signif-
icant.

When the 182 panelists who returned for the
second evaluation are compared with the 250
original members of the panel, a significant in-
crease is found in the proportion of subjects
characterized as (1) active, (2) married and
living with the spouse, (3) the head of a
household, (4) in good health, (5) exhibiting
high morale, and (6) intelligent (above median
WAIS scores). The proportion of Negroes, fe-
males, and persons of higher social status
among the panelists also increased, although
these increases were not statistically signif-
icant.

Over the three years under considerationm,
the panelists as a group tended to become in-
creasingly a physiological, psychological, and
social elite. While part of this change re-
flects the effect of selective mortality, it is
the impression of various members of the Duke
research group that the volunteers initially
represented a relatively elite category of
elderly subjects, and only became more so
through time. Supporting this impression are
(1) the comparisons of the panelists, in terms
of physical and mental health, with randomly
drawn samples of elderly subjects who have
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“volunteered" by not refusing to cooperate in
other studies; and (2) the observation that
cooperation in a strenuous two-day sequence of
interviews and examinations tends to exclude
the physically disabled, the psychologically
deteriorated, and the most socially deprived
elderly persons in the community.

Analysis of changes in the composition of
the panel through selective dropout does nothing
more than suggest differences between the
panelists and the population from which they
came. The noted changes do, however, have im-
portant implications for data analysis in
longitudinal research. These will be discussed
later.

Comparison with a random sample of elderly sub-
jects in the same locale

For a study of community participation
among white persons of various ages, the De-
partment of Sociology at Duke drew two area
probability samples in Durham =~ one including
persons through the age of 64, and another in-
cluding persons 65 years of age and older. If
the original panelists who are 1) Negro, 2)
under 65, and 3) living outside the city limits
are excluded, it is possible to compare those
remaining (N=108) with those persons 65 years
of age and older in the probability sample
(N=139) in terms of age, sex, marital status,
activity, and self-estimate of health.

In terms of age and self-estimate of health,
the probability sample of persons 65 years of
age and older and the comparable panelists are
similar. The average age of the sample sub-
jects was 72, and that of the panelists, 71;

14 per cent of the former and 15 per cent of
the latter were 80 years of age or older.
Sixty-two per cent of the panelists being com-
pared estimated their health to be good or
excellent, while 56 per cent of the sample sub-
jects made this estimate.

In terms of reported activity, sex distri-
bution, and marital status, however, these two
groups of elderly subjects showed striking
differences. The mean Activity Inventory scorel
originally of the Duke panelists was 27.4, as
compared with 20.4 for the subjects in the
probability sample. Moreover, 54 per cent (com-
pare 36 per cent) of the panelists were male,
and 65 per cent (compare 34 per cent) were
married and living with the spouse. The high
proportion of panelists who were married and
living with their spouses can be explained by
two factors: (1) the high propertion of males
'in the group, and (2) the fact that there were
13 married couples participating. That even one
couple would be drawn in a random sample of
individuals is extremely unlikely. Since
"married and living with spouse" is a factor
positively associated with physical and mental
health, the high proportion of persons in the
panel who fall into this category helps to ex-
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plain the favorable showing, in terms of health,
made by the panelists in comparison with other
groups,

Summing up, this comparison with a random
sample of elderly subjects in the same com-
munity tends to support the inference that the
Duke panelists represent an elite among the
elderly. It is all the more interesting, there-
fore, that the panelists are so nearly similar,
in selected health characteristics, to randomly
drawn samples of elderly subjects in the in-
stances noted.

A Longitudinal Design

The initial conception of the Duke research
project was to explore human aging as a complex
process of interrelated changes. Selected
physical, psychic, and social factors involved
in this process were to be explored. A longi-
tudinal design was proposed because it permitted
intensive focus on individual subjects and also
permitted each subject to be used as his own
control.

Baselines for each subject were established
in the first series of interviews and examina-
tions. A cross-sectional analysis of the in-
itial data explored the complex interrelation-
ships among a wide range of variables and fo-
cused attention on those factors which would
warrant the most attention in the longitudinal
analysis. The second series of observations on
the subjects who remained approximately three
years later provided a basis for assessing in-
dividual changes and an additional check on the
relationships initially observed.

The cross-sectional analysis proved to be
a double temptation:

1. In addition to providing information
about the relationship between factors
under specified conditions, such an
analysis also provides information about
the distribution of these factors among
the panelists and, in some cases,
measures of central tendency.

Even though the temptation to draw un-
wvarranted inferences about elderly persons from
such distributions and statistics might be
avoided by an investigator, there is little con-
trol over the inferences which others draw. By
a conscious focus on processes of aging and
their correlates among selected older persons
rather than on the description of the population
of elderly persons, the Duke investigators have
kept such errors to a minimum,

2. A panel statistic based on observations
at two different points in time under-
standably invites comparison. That such
comparisons must be made with great
caution when there is a selective drop-
out of panelists is suggested by the

following illustration:

Both the initial and later cross-sectional
analyses indicated a significant positive re-
lationship between contact with the environment
(activity) and morale among the panelists., It
was hypothesized that, as activity tends to de-
crease with age, so should morale. When the age
factor was controlled, however, both initial and
later analyses showed an age-related decrease in
activity, but not in morale. In the later
analysis, moreover, the relationship between the
activity and morale, while still significant,
was less pronounced. A possible explanation for
this observation is the '"theory of disengage-
ment" suggested by Cumming and anry on the
basis of their Kansas City data. 1 These authors
hypothesize that, with age, activity and morale
become increasingly independent of each other.

Analysis of the Duke data suggested an
alternative interpretation. The initial cross-
sectional analysis disclosed three important
factors in interpreting the relationship between
activity and morale: (1) health, especially an
individual's own assessment of his health status;
(2) the presence or absence of clinical de-
pression; and (3) the individual's reported sense
of usefulness. Morale was likely to be higher
in elderly panelists who were, or believed them-
selves to be, in good health, who were not de-
pressed, and who felt useful than in those who
reported an equal degree of activity, but did
not have these other characteristics. Moreover,
the panelists who showed these characteristics
were more likely than the others to have high
morale, even though they reported low activity.

When the distribution of these modifying
characteristics was checked against age, it was
found that the proportion of subjects with one
or more of these characteristics was slightly
higher in the older age categories than among the
younger panelists., This difference was even more
noticeable when the later series of observations
were made. In this instance, the finding that
morale became increasingly independent of
activity with age appears to have been an arti-
fact of the particular characteristics of the
subjects in the various age categories. The
slight decrease in the mean activity score of
the panel over approximately three years, comn-
comitant with an increase in the mean morale
score, can be explained in the same way. When
individual subjects are used as their own con-
trols, changes in activity scores tended to be
related positively to changes in morale except
in the presence of one or more of 5he factors
known to modify the relationship.l

This illustration re-emphasizes the sound-
ness of the initial orientation of the re-
search group to use each individual as his own
control and, when comparisons of panelists in
terms of group statistics seemed appropriate, to
match the comparison groups with care. It also
serves as a reminder that, when summarizing



measures are used in longitudinal studies, an
observed relationship may be an artifact of
changes in the composition of the panel result-
ing from selective dropout.

Summary

Selected aspects of a research design have
been described, and some consequences of this
design for data interpretation have been dis-
cussed. The research project involved a longi-
tudinal multidisciplinary investigation of the
aging process and its correlates among selected
non-institutionalized subjects 60 years of age
and older. Two hundred and fifty elderly sub-
jects volunteered to participate initially in
a two-day series of interviews and clinical
examinations. Approximately three years later,
182 of them returned to complete a second series
of investigations.

Two methodological issues discussed on the
basis of experience in this investigation are:
(1) the use of volunteer subjects and (2)
selective dropout of panelists in a longitudinal
study. Regarding the first, it is argued that,
in spite of the limitations incurred, there is
at present no feasible alternative to the use
of volunteers in research requiring clinical
examinations., Selective dropout of subjects
imposes still further limitations on the use of
group statistics in the analysis of longitudinal
observations. Because of the changes in the
characteristics of groups under investigation
over a period of years, such statistics are
. dependable only if there is control for the
effects of selective dropout of subjects.
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