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Abstract—The objective of this study is to determine the range of complex physical
and cognitive abilities of older men and women functioning at high, medium
and impaired ranges and to determine the psychosocial and physiological conditions
that discriminate those in the high functioning group from those functioning at
middle or impaired ranges. The subjects for this study were drawn from men and
women aged 70-79 from 3 Established Populations for the Epidemiologic Study of
the Elderly (EPESE) programs in East Boston MA, New Haven CT, and
Durham County NC screened on the basis of criteria of physical and cognitive
function. In 1988, 4030 men and women were screened as part of their annual
EPESE interview. 1192 men and women met criteria for “high functioning”. Age
and sex-matched subjects were selected to represent the medium (n =80) and low
(n = 82) functioning groups. Physical and cognitive functioning was assessed from
performance-based examinations and self-reported abilities. Physical function
measures focused on balance, gait, and upper body strength. Cognitive exams assessed
memory, language, abstraction, and praxis. Significant differences for every perform-
ance-based examination of physical and cognitive function were observed across
functioning groups. Low functioning subjects were almost 3 times as likely to have an
income of <$5000 compared to the high functioning group. They were less likely to
have completed high school. High functioning subjects smoked cigarettes less and
exercised more than others. They had higher levels of DHEA-S and peak expiratory
flow rate. High functioning elders were more likely to engage in volunteer activities
and score higher on scales of self-efficacy, mastery and report fewer psychiatric
symptoms.

Successful aging Physical functioning Cognitive functioning
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INTRODUCTION

Studies of aging have traditionally focused on
declines in functioning and increases in risk of
disease and impairment with advancing aging.
Age-associated losses in physical and cognitive
abilities are commonly interpreted as normal and
inevitable consequences of aging. Furthermore,
standard assessments and methodological ap-
proaches often focus on functioning in the
severely impaired range and on mean or average
changes across age-groups. Such approaches ob-
scure the vast and important heterogeneity and
range in function observed among community-
based populations. Thus, we know little about
the prevalence of such high levels of functioning
among the older men and women nor have we
made much progress in the identification of fac-
tors that determine rates of functional change or
maintenance of abilities well into old age.

In an attempt to gain a better understanding of
those factors that will promote the maintenance
of vitality and resilience into late life, The
MacArthur Foundation Research Network on
Successful Aging initiated a multidisciplinary,
longitudinal study of relatively healthy, well-
functioning community-dwelling older Ameri-
cans. The central theme of this work is that there
is a distinction between usual and successful
aging[1]. Usual aging, while average or normalin
the statistical sense, is not without risk for
specific diseases and adverse health outcomes.
Concepts of successful aging tend to lead investi-
gators toward a richer understanding of the full
range of functioning observed in heterogeneous
populations and a more solid understanding of
the role extrinsic factors play in influencing vari-
ability of function within age groups [2].

QOur aim was to identify a population-based
cohort of high functioning older men and women
and to compare their ranges of abilities and
biomedical and psychosocial characteristics to
those of older men and women who are function-
ing either in the “‘average” or mid-range, or who
are doing poorly and have significant impair-
ments and limitations. In addition to cross-sec-
tional comparisons which are reported here, we
plan a longitudinal follow-up of the high func-
tioning cohort, to identify biomedical and psy-
chosocial conditions that may not only protect
against serious declines, but also promote re-
silience and vitality in elderly men and women
who maintain abilities.

This multi-site study examines, in three popu-
lation-based cohorts of men and women in their
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seventies, the range of functional abilities of
relatively high functioning subjects and com-
pares them to age- and sex-matched subjects who
are functioning in middle and lower ranges. High
functioning is operationalized for the purposes of
this study as performance in the top tertile on a
series of brief screening instruments assessing
both physical and cognitive functioning. In
addition to describing physical and cognitive
functioning, we assess biomedical conditions,
physiologic indicators of neuroendocrine, car-
diovascular, hormonal, renal, metabolic, and
pulmonary function, and psychological and
social characteristics.

METHODS

Subject selection

Subjects were selected from three larger, popu-
lation-based samples of individuals aged 65 and
older in Durham, NC; East Boston, MA; and
New Haven, CT; who are part of the NIA-funded
“Established Populations for Epidemiologic
Studies of the Elderly” (EPESE) [3]. When
screened for the present study, during the 1988
EPESE annual interview, each of the EPESE
cohorts had been followed for between 3
(Durham) and 6 years (East Boston and New
Haven). Response rates to these EPESE inter-
views were uniformly high (over 90%). The age-
range for eligibility in the MacArthur Study was
restricted to 70-79 to minimize the effects of age
in subsequent analyses. Thus, EPESE age-eli-
gible subjects were screened on the basis of six
criteria of physical and cognitive function result-
ing in a pool of 4030 screened subjects.

The screening criteria for high functioning
identify, among those men and women 70-79,
those in the upper tertile of both cognitive and
physical functioning. The screening criteria were
developed a priori based on preliminary analyses
from several cohort studies. The criteria are:

Cognitive Performance:

1. scores of 6 or more correct on the 9-item
Short Portable Mental Status Questionnaire
(SPMSO) developed by Pfieffer [4].

2. remembers 3 or more of 6 elements on a
delayed recall of a short story.

Physical Performance and Disability:

1. reports no disability on a 7-item scale of
activities of daily living (ADL) developed by
Katz [5].
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2. reports not more than one disability on 8
items tapping gross mobility and physical
performance (e.g. walks 1/2 mile, climb
stairs, push heavy objects, lift groceries) de-
veloped by Nagi [6] and Rosow-Breslau [7].

3. able to hold a semi-tandem balance for at
least 10 seconds, and

4. able to stand from a seated position 5 times
within 20 seconds.

The criteria for the “medium” and “low”
functioning groups were defined to divide the
remainder of the 70-79 year olds into two equal
sized groups. Screening criteria for the impaired
(low functioning) group were:

1. SPMSQ score of less than 6 correct
or

2. Physical disability of at least one ADL limi-
tation or 2 or more disabilities in gross
mobility or 3 or more disabilities in physical
performance based on the scale developed by
Nagi [6].

Subjects were eligible for inclusion in the
low functioning group if they met any one of
these criteria. The medium function group was
defined as those who did not qualify in either the
top or bottom tertiles of functioning. In effect,
subjects were classified on the basis of their
poorest performance in any single area. Thus,
some subjects in the lower two functioning
groups have high scores on cognitive perform-
ance but are unable to perform in physical
domains (or vice versa).

Using these screening criteria, a cohort of 1313
subjects met criteria for the highest functional
status group. Among these, 90.8% (n = 1192)
consented to be enrolled in the present study.

Among those who were age-eligible but did
not meet these criteria (n = 2717), we also se-
lected small random subsamples of subjects who
were functioning in the middle tertile (“medium
functioning™) (n =80) and subjects who had
major impairments in either physical and/or cog-
nitive functioning (“low functioning”) (n = 82).
Subjects for these latter two subsamples were
selected in order to match their age and sex
distributions to that of the high functioning

group.

MEASURES

The cohort for this study was well character-
ized on previous EPESE interviews regarding
sociodemographic conditions, behavioral risk
factors such as cigarette smoking and alcohol
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consumption, chronic conditions and symptoms,
and physical and mental health and functioning
[3]. Accordingly the MacArthur Battery is fo-
cused on detailed assessments of functioning and
capacity in the upper ranges and psychosocial
and biomedical conditions hypothesized to be
related to such functional abilities. Each of the
subjects was asked to complete the MacArthur
Battery, a 90 minute face-to-face interview de-
signed to be given in the respondent’s home and
covering detailed assessments of physical and
cognitive functioning and performance, pro-
ductive activities, social networks and social sup-
port and other psychosocial characteristics and
biomedical and health status measurements. As
part of this battery, subjects were also asked to
provide a blood sample and a 12-hour overnight
urine sample. Among those who responded to
the survey, 80.3% agreed to have blood drawn
and 85.8% consented to urine collections.

Physical and cognitive functional measures:
performance and self-reports

The portion of the MacArthur Battery assess-
ing cognition was designed to assess intensively
those aspects of higher cortical function that are
necessary to perform complex cognitive activi-
ties, namely memory, language, abstraction, and
praxis. The tests for each cognitive domain were
selected from among previously developed, well
standardized and reliable tests with the intention
of including tests with a range of difficulty. We
particularly aimed to include tests difficult
enough so that even mild impairments could be
detected and so that some errors would be made
by older men and women who are not clinically
demented.

Cognitive performance was assessed with 5
tasks that took approximately 15 minutes to
administer. The first task, The Boston Naming
Test, evaluates confrontation naming, a test of
language [8]. Subjects are shown 18 drawings of
concrete objects and are asked to name each
object, ranging from common items to more
uncommon items. A maximum of 10 seconds is
allowed for response to each picture. Only items
named that match identically with those listed
are scored correctly so that no interviewer
judgments are involved in scoring. The Boston
Naming Test is part of the Consortium to Estab-
lish a Registry for Alzheimer’s Disease
(CERAD) Battery [9, 10]. Test-retest reliability
is excellent. Among controls in the CERAD
study (i.e. non-demented elderly subjects) mean
scores were the same over the one month
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test—retest period (14.6 vs 14.7). A second task
was a delayed verbal memory test based on
incidental recall of naming items from the
Boston Naming Test. Incidental delayed recall
requires recall of information to which the
subject has been exposed but has not been
explicitly instructed to remember and is one of
the most difficult types of memory tests.

The third task evaluated spatial memory by
means of the delayed recognition Span Test
scored 0-17. For this test, circular disks are
placed one at a time on a board in specific order.
As each new disk is added, the surface of the
board is hidden from view and the subject is
asked to name the new disk that has been added.
The task differentiates normal controls from
subjects with a range of neurological diseases
[11]. Among the strengths of the test include its
focus on spatial memory (distinct from verbal or
language related abilities), ease in adminis-
tration and lack of reliance on interviewers to
make any judgments since scores are simply
related to number of disks recalled.

The fourth test utilized items from the
Similarities subtest of the Wechsler Adult
Intelligence Scale—Revised (WAIS-R). It evalu-
ates the ability of subjects to form abstract
concepts, and is scored 0-16. Subjects are asked
to explain how two different concrete objects are
similar to one another, such as an orange and
banana [12].

The final cognitive task was the copying of
geometric figures adapted from an instrument
developed by Rosen et al. [13] for use as part of
a rating scale of Alzheimer’s disease. Subjects
were asked to copy a series of geometric figures
including a diamond, a diamond in a square,
and a 3-D cube. Figures were scored by a single
trained rater according to a standardized scor-
ing system. The test evaluates the subject’s
ability to perceive and reproduce spatial re-
lationships.

Summary measures were developed for (1)
total cognitive scores, which is the sum of all
subtest scores and had a range of 089 and (2)
memory scales, which is the sum of the delayed
recall from the Boston Naming Test and the
delayed recognition Span Test (range 0-35).

Physical performance measures were based
on both lower body function (balance and gait),
and upper body function (strength and dexter-
ity). Many performance measures were judged
on the basis of time taken to complete tasks.
Timing is highly correlated with more clinical
assessments of performance and is more easily
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standardized across interviewers [14]. In ad-
dition, timed tasks array responses of subjects
along a very wide range and reveal the ability to
accomplish tasks both well and quickly. Balance
was assessed by a graded series of tests devel-
oped by Nevitt [15], which include the number
of seconds (up to 10) a subject could hold a
tandem stand with their eyes open. If they could
complete that task, they were asked to do a
tandem stand with their eyes closed. Subjects
then completed a tandem walk and were as-
sessed for number of steps taken (up to 10) and
time to complete steps. Finally, subjects were
timed, (up to 30 seconds) for a single leg stand.

Gait measures were based on assessments of
a 10 foot walk. Subjects were asked to walk 10
feet at a normal pace, turn and return. They
were then asked to complete the same walk at
a fast pace. Measures are based on time to
complete walks (in seconds) and assessments of
step continuity and ability to make pivot turns.
Respondents were also timed as they tapped a
foot, switching back and forth between 2” circles
1 foot apart while in a seated position. Measures
include numbers of taps (up to 10) and time
taken to complete taps.

Upper body function was assessed first by a
measure of hand grip strength using a dy-
namometer. Measures were of maximum kilo-
grams pressed using the dominant arm in three
tries. Secondly, based on assessments developed
by Williams [16], subjects were asked to sign
their names. This hand signature was timed.

Self-reported physical activity was assessed
using questions adapted from the Yale Physical
Activity Survey (YPAS) [17] focusing on current
leisure- and work-related activity. Physical ac-
tivity questions assessed frequency of selected
activities. Further, categories of intensity (light,
moderate, strenuous) were defined based on
intensity codes (kcal/min) determined by Paffen-
barger et al. [18] or Taylor et al. [19]. Summary
scales were derived by multiplying the frequency
of activity by the intensity code and then sum-
ming over all activities within the particular
category of intensity. Data are presented for a
summary index of strenuous and moderate
physical activity.

Psychosocial assessments and productive activi-
ties

A major focus of the MacArthur Battery was
on the social networks and support, and pro-
ductive activities of subjects. Measures of pro-
ductive activities were adapted from University
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of Michigan’s Survey of “Americans Changing
Lives” [20]. The instrument taps degree of par-
ticipation in volunteer activities, child care, paid
employment and other forms of productive
activity. Measures of social networks and sup-
port were drawn from EPESE surveys, and
work at Yale, University of Michigan and Duke
[21-23]. Scales measure structural character-
istics of network: size, geographical proximity,
and frequency of contact. Support measures
focus on the quality of emotional and instru-
mental support and perceptions of adequacy as
well as demands and conflicts. In a test—retest of
22 elderly subjects assessed 4 weeks apart,
Spearman correlation coefficients ranged from
0.54 (p < 0.01) for measures assessing network
size t0 0.51 (p < 0.05) for instrumental support,
to 0.41 (p < 0.10) for negative aspects of ties to
0.23 (p >0.10) for emotional support. Since
these questions are highly structured, we inter-
pret such test-retest correlations as a test of
temporal stability of responses more than a test
of inter-rater reliability.

Other psychosocial measures include sub-
scales from the Hopkins’ Symptom Checklist on
depression, anxiety, interpersonal problems and
somatization [24, 25), a 7-item scale of personal
mastery developed by Pearlin et al. [26] and a
scale of self-efficacy developed by Rodin [27].
Brief measures of life satisfaction [28], happi-
ness, and demands and latitudes in daily life [29]
are included.

Biomedical assessments

Measurement of seated and postural blood
pressure, pulmonary function and waist/hip
ratio were part of the biomedical protocol. The
Hypertension Detection and Follow-up Pro-
gram protocol was used to obtain seated blood
pressure readings [30]. Systolic and diastolic
pressures were calculated as the average of three
readings. Waist/hip ratio was assessed based on
procedures developed by Lohman et al. [31]: we
measured waist at its narrowest point befween
the ribs and iliac crest, and the hips at the iliac
crest. A second hip circumference was also
taken at the maximal buttocks level. Pulmonary
function was assessed by the peak flow rate of
subjects using a mini-Wright meter. Subjects
were asked to exhale at maximal effort through
the meter. Measures are based on the average of
three attempts [32).

Measures of self-reports of 8 chronic con-
ditions and symptoms of angina pectoris based
on standard assessments developed by Rose [33]
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as well as medications are drawn from recent
EPESE interviews.

Physiological measures from blood and urine
specimens

A unique feature of the MacArthur Battery is
the information available from urine and blood
collections. The development of standardized
urine collection procedures for almost 1200
elderly across 3 geographic sites represented a
major effort. Pilot tests indicated that 12 hour
specimens from 8:00 p.m.—8:00 a.m. and 24 hour
specimens were highly correlated. Spearman
correlation coefficients for 12 and 24 urine
samples for 10 subjects were 0.95 for epineph-
rine, 0.80 for norepinephrine and 0.81 for corti-
sol. Twelve hour samples were used in this study
since they were easier to obtain and were more
acceptable to subjects. We developed insulated
cooler packs that respondents could keep at
home which would permit optimal urine tem-
perature to be maintained to preserve the
specimens. A bottle within each cooler pack
contained 12ml of 6 N HCI to acidify and
preserve the urine during collection. Respon-
dents were instructed to begin urine collection
procedures at 8:00 p.m. and to continue until
8:00 a.m. the following morning. Laboratory
personnel went to the respondents’ house that
morning to collect specimens. Upon collection,
the mean temperature of the specimens was
14.6°C with a pH of 2-3. A 60 ml aliquot of
urine was then sent to Nichols Laboratories for
assays of cortisol, epinephrine, norepinephrine,
dopamine and creatinine content. All results are
adjusted to creatinine levels to reflect grams/
gram creatinine. Urinary free cortisol was as-
sayed by high performance liquid chromato-
graphy (HPLC) [34, 35]. Urine catecholamines
were extracted via column chromatography and
also determined by HPLC [36].

A phlebotomist was sent to each respondent’s
home to draw blood. Although subjects were
not required to be fasted, most blood samples
were taken early in the morning before subjects
had eaten. Samples were processed and frozen
within 8 hours of blood drawing. 9 cm? of blood
were drawn in serum-separator tubes. Blood
was allowed to clot and the tube was centrifuged
at 1500 RCF for 10 minutes in a refrigerated
(4°C) centrifuge. The sera were then sent to
Nichols Laboratories for measurements of
HDL and total cholesterol, dehydroepiandros-
terone sulfate (DHEAS) and serum glutamic
oxalacetic transaminase (SGOT). Another
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10cm® of blood was drawn into heparinized
tubes, two of which were removed after mixing
for assays of glycosylated hemoglobin (HbA).
This measure provides an assessment of inte-
grated long-term blood glucose concentrations
and was assayed using affinity chromatography
methods [37]. The remainder was centrifuged
and the plasma and cell pellet were frozen for
future analyses.

Analysis

Statistical analyses are based on comparisons
across the high functioning cohort and age- and
sex-matched controls who represent groups with
medium and low functional ability. Mean differ-
ences or percentages across groups are used for
comparisons. The SAS software package gen-
eral linear models (GLM) was used to obtain
means, standard deviations and tests of signifi-
cance for continuous variables [38]. Tests of
significance for differences in percentages are
based on chi-square.

RESULTS

When EPESE respondents who met age-eligi-
bility criteria (ages 70-79) were screened for
physical and cognitive functioning, 32.6% met
criteria. Those who passed the screen for high
functioning were more likely to be in their early
seventies and more likely to be male than re-
spondents who did not meet criteria.

The eligible subjects who consented to be part
of the study form the high functioning cohort
(n = 1192). Smaller samples of subjects were
randomly selected from among the ineligible
EPESE subjects 70-79 years old who were func-
tioning at medium and low levels. Table 1 shows
the final number of respondents in the three
functioning groups and their age and sex distri-
bution. Among those in the highest functioning
group, the mean age is 75.3 and 44.5% are male.
The two other groups selected to be age and
sex-matched to the highest functioning group
show similar distributions. Their mean ages and
the percentage male are not significantly differ-
ent from the high functioning group. Thus,

Table 1. Age and sex distribution among high,
medium and low age- and sex-matched function-

ing groups
High Medium Low
Characteristic  (n =1192) (n =80) (n =82)
Age (mean yr) 75.3 76.1 76.2
% Male 44.5 43.8 46.3
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differences in characteristics among groups will
not be attributable to age or gender differences.

Comparisons among the three groups on
more sensitive performance-based assessments
of physical and cognitive function can be seen as
a validation of our cruder screening measures
(Tables 2-4) and provide construct validation of
the assessment tools. Table 2 shows that the
respondents in the high functioning group per-
form significantly better on virtually every
measure of physical function, ranging from
lower body assessments of balance and gait to
upper body measures of strength (hand grip)
and coordination (signature time) (p < 0.05). In
these analyses, subjects unable to perform
specific tests are given values of zero. In analyses
not shown, when such subjects were excluded
from analysis, trends were similar. With only
one exception, there is a clear gradient in per-
formance, with those in the high group perform-
ing better than those in the medium functioning
group and those in the medium group doing
better than those with impairments. It should be
noted that in some cases the standard deviations
accompanying these measures are quite large,
reflecting additional variability in function
within groups.

Table 3 shows means and standard deviations
for performance scores for tests of cognitive
function across the three groups. Again, those in
the high functioning group performed signifi-
cantly better on all cognitive tests, ranging from
those tapping memory and delayed recall to
those assessing visuo-spatial abilities and ab-
stract reasoning (similarities) (p <0.001).
Differences in cognitive scores between the
medium functioning and low (impaired) group
are not as great as observed differences in
physical ability. These smaller differences are
likely to be the result of the greater prevalence
of physical rather than cognitive impairment
among those in the most impaired group.

The relationships of sociodemographic
characteristics, health-related behaviors, bio-
medical conditions and psychosocial factors
across the three functioning groups are dis-
played in Tables 4-6. Since these conditions
were not part of the screening assessment, they
serve to inform us about how function is associ-
ated with these other characteristics. Table 4
shows the relationship of functional status to
social class, health-related behaviors and num-
ber of self-reported chronic conditions and self-
rated health. Income, education and race are all
differentially distributed across the high,
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Table 2. Physical performance measures in high, medium and low functioning groups

High Medium Low

Performance
measures D¢ SD n X SD n X SD n
Lower body

Balance

Tandem stand*** 8.0 3.2 1190 6.1 43 78 3.6 43 82

(eyes open) sec

Tandem stand* 4.2 34 801 3.0 2.6 39 3.6 2.7 19

(eyes closed) sec

Tandem walk*** 74 34 796 59 38 36 5.0 3.9 20

No. steps

Single leg

stand*** 7.0 34 1190 5.7 3.7 68 5.0 3.7 47
Gait

Time to complete

Normal*** 10.0 4.6 1189 13.7 9.4 77 23.5 17.7 79

Fast*** 7.1 32 1182 1.3 10.3 i 19.0 158 79

Step cont 45.9 — 1180 90.7 — 75 84.1 — 63

(% yes)***

Pivot 48.1 — 1180 36.0 — 75 28.6 — 63

(% yes)***

Foot tapping*** 0.5 0.2 1187 1.0 33 78 3.6 1.9 77
Upper body

Hand grip*** 29.5 10.9 1187 274 9.5 80 248 10.5 82

(max kg)

Signature*** 10.2 39 1187 11.8 49 80 12.8 6.0 78

*p <0.05; **p <0.01; ***p <0.001.

medium and impaired functioning groups
(p <0.001). Indeed the differences between
groups are quite dramatic. Elderly subjects in
the low (impaired) group are almost three times
more likely to have an annual income of under
$5000 than those in the highest functioning
group. They are less likely to have completed
high school and are more likely to be non-white.
Cigarette smoking and participation in strenu-
ous physical activities are also associated with
differences in functional status (p < 0.05). These
associations must be interpreted cautiously
since they are cross-sectional. Those in the

highest functioning group are also more likely
to consume alcohol than others. This potentially
protective effect of alcohol may reflect a survival
bias with those in the impaired group who
drank underrepresented due to excessive mor-
tality and non-participation. Finally, those in
the high functioning group have better self-
assessed health and significantly fewer chronic
conditions (p <0.001).

Table 5 presents comparative data on physio-
logic parameters, including results of blood and
urine assays, tests of pulmonary function and
blood pressure. Two findings are particularly

Table 3. Differences in cognitive performance in high, medium, and low functioning groups

High Medium Low

Cognitive measure X SD n X SD n X SD n

Naming*** 16.6 1.8 1190 15.8 20 77 15.2 34 82
(0-18)

Abstraction*** 6.6 4.7 1189 4.6 9.2 80 4.1 43 82
(0-16)

Copying*** 149 32 1186 13.2 34 78 124 45 81
(0-20)

Delayed recall*** 5.5 23 1185 38 23 7 4.0 255 80
(0-18)

Delayed recog.*** 9.2 35 1190 7.9 29 78 7.4 35 82
(0-18)

Total memory*** 14.7 4.5 1190 11.7 43 78 11.3 49 82
(0-35)

Total cognitive*** 53.0 2.9 1175 459 9.9 76 43 1L.5 78
(0-89)

*n £ 0.05; **p <0.01; ***p <0.001.
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Table 4. Social and behavioral factors in high, medium and low functioning groups

High Medium Low

Condition X/% SD n X/% SD n 1% SD n

Cigarette smoking* 20 32 1037 24 38 76 30 40 77
(pack/yr)

Alcohol consumption 425 — 1089 329 — 76 26.0 — 77
(% drink any)**

Physical activity 116 127 1031 523 65.5 76 448 74.6 76
Strenuous (hr/yr)

Income*** 11.5 — 945 19.1 — 68 29.2 — 65
(% < 5000)

Education*** 78.1 — 1036 86.8 — 76 90.9 — 77
(% <12

Race*** 78.0 —_ 1036 66.7 — 75 62.3 — 77
(% White)

Self-rated health*** 18.8 — 1035 10.5 — 76 8.1 — 74
(% excellent)

Chronic conditions*** 1.2 1.0 1186 1.3 1.0 79 19 1.3 81

*p < 0.05; **p <0.01; ***p < 0.001.

noteworthy. Consistent trends across the three social conditions presented in Table 6

groups in peak expiratory flow were observed,
with those in the high functioning groups per-
forming at the highest levels (p <0.001). The
second significant association is between
DHEAS and functional status, with those in the
high functioning group having the highest levels
(p £0.001). Among the remaining physiologic
parameters only waist—hip ratio shows a trend
(p <0.05) with increasing ratios of waist to hip
circumference associated with membership in
poorer functioning groups.

The data on productivity and other psycho-

indicate those subjects in the high functioning
group are doing well in other domains of
functioning, particularly those involving
psychological well-being and productive activi-
ties. They are much more likely to engage in
volunteer activities than those in the medium
and low groups (22 hours/year vs 6 or 5
hours/year) (p <0.01). Furthermore, they are
significantly more likely to score higher on
scales of self-efficacy, personal mastery, life sat-
isfaction and report fewer psychiatric symptoms
(» £0.01).

Table 5. Biomedical and neuroendocrine values in high, medium and low functioning groups

High Medium Low

Condition X SD n D¢ SD n s SD n
Plmnry. funct.*** 356 119 1180 304 126 78 280 123 80

peak expiratory

flow (I/min)
DHEA-S

(mg/dD)*** 69 49 942 57 51 62 48 40 58
Uri Cortisol

(mg/g creat) 25 23 995 23 36 65 22 19 64
Uri norepinephrine

(mg/g creat) 47 47 998 48 81 65 38 21 62
Uri epinephrine

(mg/g creat) 44 39 1010 45 28 65 43 22 62
Uri dopamine

(mg/g creat) 293 266 1006 264 112 65 261 115 62
Total serum 220 42 952 215 45 64 208 43 64
Chol (mg/dl)
HDL chol (mg/dl) 48 15 951 48 19 64 43 14 64
Glycosylated

hemoglobin (%) 6.8 1.9 945 7.2 21 61 73 16 57
SGOT (v/1) 18 12 945 19 9 64 9 11 64
Waist/hip* 0.91 0.07 1188 0.92 007 79 0.93 0.07 175
Obesity (BMI) 259 4.2 1071 26.6 48 68 26.6 55 67
BP—Diastolic 77 10 1183 81 13 80 77 12 81
BP—Systolic 138 19 1183 141 20 80 136 20 81

*p £0.05; **p <0.01; ***p <0.001.
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Table 6. Psychosocial factors in high, medium and low functioning groups

High Medium Low
X SD X SD n X SD n

Productive activities

Volunteer (hr/yr)** 22 48 1188 6 24 78 5 21 81

Child Care (hr/yr) 159 424 1182 188 521 79 150 454 80
Psychological characteristics

Hopkins symptoms**

checklist 65.1 119 1148 67.7 12.4 79 739 16.2 78

Efficacy** 26.3 2.5 1182 25.4 2.1 80 24.3 2.6 80

Personal mastery** 19.0 2.3 1182 17.7 1.9 80 17.4 2.3 79

Life satisfaction** 20.1 29 1174 19.2 34 76 18.4 37 78
Social networks

% Married 0.47 0.50 1190 0.36 048 80 0.40 0.49 82

No. Ties 10.0 5.2 1189 9.9 59 80 9.1 5.3 81

No. Visual contacts 1.5 4.7 1188 7.3 50 80 6.2 47 81
Support

Emotional support 2.5 0.5 1184 24 0.6 79 23 0.6 81

Instrumental support 1.6 0.7 1183 1.6 0.7 79 1.6 0.7 81

Demands conflict 0.6 0.6 1184 0.5 0.6 9 0.6 0.6 80

*p £0.05; **p <0.01; p <0.001.

DISCUSSION

Preoccupation with serious impairments and
disabilities in epidemiologic research in geron-
tology has led to the development of measures
of physical and cognitive function that identify
the small population with such impairments but
has done little to describe the abilities of
85-90% of the population free of such disabil-
ity. We sought to develop appropriate measures
of physical and cognitive functioning that would
describe the heterogeneity we suspected was
evident in elderly populations. Virtually all the
performance-based measures of physical and
cognitive ability discriminated those in the
highest group from those in the two lower
functioning groups. The variance in the scores
in the highest functioning group indicates still
greater heterogeneity in this already high func-
tioning group. Thus, based on this initial wave
of interviews and examinations, we have found
that it is possible to develop simple well-received
home-based measures of physical and cognitive
function that will array people along a wide
spectrum of abilities.

Success across domains of experience

Operationalization of the concept of high
functioning or what is sometimes referred to as
successful aging is difficult. We suspect that
every individual harbors a somewhat unique
and idiosyncratic view of the scope of such a
definition and essential abilities. Some view
“successful aging™ as primarily a psychological

phenomenon having to do with adaptation [39]
and mastery; others see it as the fulfillment of
certain social roles and productive activities.
Still others view it as the avoidance of specific
diseases or as exceptional performance in one
domain of function or another. In our study, we
have focused on the joint physical and cognitive
abilities of older men and women. Our reason-
ing is that with the loss of any of these func-
tional abilities, serious compromises and
withdrawal from independence and social inter-
action are likely.

We recognize that there are certain limi-
tations inherent in defining a group of ‘“‘high
functioning” older men and women on the basis
of their levels of performance on both physical
and cognitive criteria. For instance, people who
have had life-long disabilities, especially those
related to mobility, may not meet criteria in
spite of obvious potential for what most would
consider “successful aging”. Furthermore, by
selecting the top tertile of functioning on the
basis of both criteria, some subjects will in-
evitably fall in the range of more average or
“normal” abilities on any single criteria. It is
important to note however that individuals
selected on the basis of these brief assess-
ments of physical and cognitive function were
also found to perform much better than those
in the middle and lower groups on a wide
array of more complex and difficult perform-
ance-based measures of cognitive and physical
ability.
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Most importantly and by far the most re-
markable finding of our study is that people
who are high functioning also performed better
on a more diverse set of assessments of psycho-
social and physiological functioning. For in-
stance, they were found to have greater
pulmonary function, based on peak expiratory
flow, and their self-rated health was much
better. In the social and behavioral areas, they
were much more likely to engage in productive
activities and strenuous physical exercise. In the
domain of psychological well-being, they re-
ported greater feelings of self-efficacy, mastery,
and life satisfaction. They were less likely to
report feelings of anxiety and depression than
others. These latter assessments of social and
psychological characteristics were in no way
part of the screening instrument. Thus, older
people who are identified from a brief screening
instrument for functional status are also doing
well across a number of other domains.

A second limitation of this study is that it is
cross-sectional and it is therefore difficult to
interpret the direction of effects. Particularly
problematic areas are the extent to which (1)
disease per se influence performance levels and
psychological and social status; (2) behaviors
such as physical activity and psychological
states such as depression or self-efficacy are
reflections of functional states or consequences
of them. These issues will need to be resolved in
future longitudinal analyses which are planned.
More generally, most definitions of successful
aging, including ours, rely heavily on concepts
involving the dynamics of change and the main-
tenance of abilities under situations of stress or
challenge. It is only by undertaking longitudinal
analyses that such patterns and processes are
identifiable.

The correlates of high functioning

Several studies have examined predictors of
high functioning. In Framingham, Pinsky and
co-investigators [40] identified very few cardio-
vascular risk factors predictive of good func-
tioning. Among men, alcohol consumption,
cigarette smoking, ventricular rate and edu-
cation were significant predictors. For women,
only education was related to functioning,
Physiologic parameters that did not predict
included serum cholesterol, hematocrit, serum
glucose, blood pressure, body mass and vital
capacity. The failure of these traditional and
important risk factors for morbidity and mor-
tality to predict functioning indicates that the
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predictors of functional ability may be substan-
tially different from those for morbidity and
mortality. On the other hand, in studies of older
people in Alameda County [41] and very old
subjects in the N-HIS [42], prevalent cardio-
vascular disease and history of hypertension
predicted declines in function. In both these
studies, selected indicators of socioeconomic
status predicted functional ability. In the Mani-
toba study [43] in which multiple indicators of
socioeconomic status were assessed, only se-
lected chronic conditions, self-rated health, and
loss of a spouse predicted successful aging as
defined in terms of functional ability.

Since our findings are cross-sectional, it is not
surprising that such indicators as self-rated
health are related to functional status. However,
our findings parallel those from Framingham in
that few risk factors for cardiovascular disease,
with the exception of cigarette smoking, are
associated with functioning. Serum cholesterol,
glycosylated hemoglobin, body mass, and blood
pressure did not vary across the groups. How-
ever, we have found that several factors not
previously studied in this context are related to
functional status. In this study, DHEAS was
found to vary significantly across the three
functioning groups with higher values found in
the highest functioning group. Previous studies
have reported DHEAS to be associated with
mortality risk [44]; however, to our knowledge,
no one has yet found an association between
DHEAS and functional level. A second finding
of importance is the relationship between pul-
monary function and physical and cognitive
functioning. Again, such assessments have been
reported to predict increased mortality risk in
older men and women [32] but had not been
examined in relation to functional status. In
studies of exercise capacity however, pulmonary
function is related to levels of cardiovascular
fitness and performance.

The importance of socioeconomic conditions

By far the most consistent finding to date, and
one of our major findings is the association
of poverty and lower levels of education with
poor functioning. Studies from Framingham,
Alameda County, and N-HIS report similar
findings. Studies of cognitive ability consistently
reveal educational differentials in performance
[45—47)]. The reasons for such an association are
likely to be multiple but have so far been poorly
articulated and understood. They range from
those vulnerable populations with limited
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economic resources having poorer access to
healthcare and more medically uncontrolled
chronic conditions to differences in patterns of
life-long health-related behaviours and limited
other psychological or social resources [48].
Current differences in functional levels may
reflect recent changes, life-long patterns or even
exposures or nutritional patterns of earlier life
stages. We regard the assessment of the role that
socioeconomic and other related psychosocial
conditions play in influencing change in func-
tioning over time as one of the most important
components of this research.
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