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Abstract

Background—Interest in the determinants of “successful aging” is growing. Nonetheless,
successful aging remains ill defined, and its appropriate measurement is hotly contested. Most
studies have focused on the absence of disability or deficits in physical performance as outcomes.
The present study extends this research by using the Health Utilities Index Mark 3 (HUI3), a
multidimensional measure of health status, to examine the maintenance of exceptionally good
health among older participants in the Canadian National Population Health Survey (1994-2004).

Methods—The maintenance of exceptionally good health in old age was examined prospectively
among 2432 individuals (65-85 years old at baseline) who met the inclusion criteria. The
participants were classified into one of four health trajectories: thrivers (who maintained
exceptional health with no or only mild disability), nonthrivers (who experienced a moderate or
severe disability), the deceased, and the institutionalized.

Results—In 10 years of follow-up, 190 (8%) were thrivers (HUI3 score = 0.89 at all interviews),
1076 (47%) were nonthrivers, 893 (36%) died, and 273 (9%) were institutionalized. The
maintenance of exceptionally good health among the elderly participants was related to younger
age at baseline, socioeconomic status (higher income), psychosocial factors (including lower
psychological distress), and behavioral factors (never smoked and moderate alcohol use).

Conclusions—The maintenance of exceptionally good health in old age is related, at least in
part, to modifiable lifestyle factors. However, elevated socioeconomic status also distinguishes
those who are able to maintain exceptionally good health.
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The rapid rise in life expectancy, coupled with the declining fertility rate during the past
century, has accelerated the growth in the elderly fraction of the population (1). The
proportion of older adults (60 years old or older) in the world's population is expected to
increase from 10% in 2005 to 22% in 2050 (2). In some developed countries, the proportion
of older persons is now close to 1 in 5. Some have suggested that, if current trends continue,
during the first half of the 21st century, the proportion of older adults will reach 1 in 4
overall and 1 in 2 in certain countries (3).

Now that elderly people are living longer, their quality of life is a growing concern. The
review by Depp and Jeste (4) of nearly 900 articles on “successful” and “healthy” aging that
were published between 1978 and 2005 revealed that approximately one-third of adults 60
years old or older were classified as successful agers. According to that review, the most
frequent significant correlates of successful aging were younger age (i.e., young old), not
smoking, physical activity, more social contacts, better self-assessed health, and the absence
of arthritis or a cognitive impairment. Sex, socioeconomic factors, and marital status were
not related to successful aging.

Problems that hamper this growing line of research are inconsistencies in the ways
successful aging has been operationally defined, measured, and predicted. Equally
important, most studies of successful (healthy) aging have focused on the development of
pathology (e.g., functional impairment), rather than on the maintenance of positive health
(4,5). One notable exception [not included in the Depp and Jeste review (4)] is the recent
study by Willcox and colleagues (6). This prospective cohort study followed for up to 40
years some 5820 Japanese American middle-aged men who were living in Hawaii free of
morbidity and functional impairment at the baseline to assess overall and “exceptional”
survival in older adulthood. Of the original participants, 41% survived to age 85, and 11%
met the criteria for exceptional survival to age 85.

The National Institute on Aging's Longitudinal Data on Aging Working Group (7) stressed
that longitudinal studies on aging are particularly valuable for identifying persons with one
or more exceptionally “positive” traits. This information could contribute to the
development of better interventions to sustain exceptionally good health in an aging
population. The purpose of the present study was to extend the body of research on
successful aging conducted in recent years by using a well-established, multidimensional
measure of health status with a large, representative sample of the Canadian population (8).
We first assessed the maintenance of exceptionally good health over 10 years (defined as
“thriving” in old age) and then sought to identify the key health, behavioral, psychosocial,
and socio-demographic factors that are associated with thriving in old age. Notice that the
outcome measure is the maintenance of exceptional health among older persons during 10
years of follow-up rather than the cross-sectional prevalence of exceptional health among
the elderly population at a given point in time. Although some studies have looked at
exceptional longevity [e.g., (9)], to our knowledge, no other study has used such a follow-up
survey with repeated measures to determine the maintenance of exceptionally good health in
a large, population-based sample of older persons.

Longitudinal data from the Canadian National Population Health Survey (NPHS) were used
to study older adults who maintained exceptional health (termed “thrivers”) over a decade
and to identify the factors associated with thriving. The NPHS sample was based on a
stratified, multistage probability sample of persons 12 years old or older. Starting in 1994—
1995, Statistics Canada began to administer the NPHS every 2 years to 17,276 selected
household members from all Canadian provinces, including 2740 persons 65 years old or
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older at baseline (10). Because of the small number of thrivers 85 years old or older, the
present analysis was limited to participants 65-85 years old, resulting in the exclusion of
168 participants older than 85 years. The attrition rates across all the cycles ranged from
6.7% to 9.3%. A total of 1640 deaths were confirmed through December 31, 2003 with data
from the Canadian Vital Statistics System.

Health status was assessed with the Health Ultilities Index Mark 3 (HUI3) (11). The HUI3
includes a health-status description system that is based on eight attributes: vision, hearing,
speech, ambulation, dexterity, emotion, cognition, and pain/discomfort. There are five or six
levels per attribute, ranging from no problem through severe disability (see Appendix).
Overall HUI3 scores range from 1.00 (“perfect health”) to —0.36 (highest possible level of
disability across all attributes). The negative scores for HUI3 indicate health states viewed
as worse than dead by respondents from a random sample of the general population.
Respondents in the survey who provided the preference scores used to estimate the
multiplicative multiattribute utility function for the HUI3 system were asked to think about
living the rest of their life expectancy in the state described (12). When evaluating the all-
worst HUI3 health state, the state with each attribute at its lowest (most impaired) level
(blind, deaf, unable to speak, unable to get around, no use of hands and fingers, so unhappy
that life is not worthwhile, unable to think and remember, severe pain that prevents most
activities), 90% of respondents said that they would prefer to be dead rather than live in the
all-worst state for the specified period of time. As a result, a number of HUI3 health states
were viewed as being “worse than dead.”

Following Feeny and colleagues (12), overall HUI3 scores were categorized into four
groups: no disability (HUI3 = 1.00), mild disability (HUI3 = 0.89-0.99), moderate disability
(HUI3 = 0.70-0.88), and severe disability (HUI3 < 0.70). For example, a person with level 2
vision and level 1 for each of the other seven attributes would have an overall HUI3 score of
0.97. A detailed description of HUI3's validity, reliability, and scoring procedures can be
found elsewhere (11-19).

The participants were classified into one of four health trajectories: thrivers (who maintained
exceptional health with no or only mild disability), nonthrivers (who experienced a moderate
or severe disability), the deceased, or the institutionalized. To be included in the thriving
group, a participant needed to have data for at least five of the six cycles, could not have
missing data at the last cycle, and must have had an HUI3 score = 0.89 at each cycle. The
analyses excluded 140 apparent thrivers who were missing data in at least two survey cycles.
Among the excluded apparent thrivers, 90% were missing data on the last cycle. Nonthrivers
were participants who did not have an HUI3 score of 0.89 or higher across all the cycles and
survived and were not institutionalized at any point during the 10-year follow-up. The
deceased or institutionalized groups refer to participants who died or were institutionalized
at any time during the 10-year follow-up.

Independent Variables

In addition to estimating the frequencies of the four health status trajectories, we identified
the factors that are associated with membership in each trajectory. The independent
variables we considered are factors that are thought to be systematically associated with
health status (20,21) and quality of life in older adulthood (22). The independent variables
were measured at the baseline in 1994-1995.

The independent variables included sex, marital status, education, household income,
potentially life-threatening illnesses (high blood pressure, diabetes, heart disease, cancer,
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and/or stroke) (23), other chronic illness (allergies, asthma, arthritis/rheumatism, back
problems, migraine, chronic bronchitis, sinusitis, epilepsy, stomach/intestinal ulcers, urinary
incontinence, Alzheimer/dementia, cataracts, glaucoma, and/or other), number of functional
limitations (“preparing meals,” “shopping for necessities,” “doing everyday housework,”
“doing heavy household chores,” “personal care,” and/or “moving about inside the house”),
self-rated health (“poor,” “fair,” “good,” “very good,” or “excellent”), number of
prescription and over-the-counter medications, smoking status, alcohol use (moderate = 1—
14 drinks per week vs none or heavy), physically active (at least 3 times per week for at least
15 minutes vs inactive) (24,25), and normal weight (body mass index [BMI] of 18.5-24.9
kg/m? vs other).

Psychosocial factors included the Kessler 6-item nonspecific psychological distress scale
(26), Rosenberg's self-esteem scale (27), a sense of mastery scale (28), Antonovsky's sense
of coherence scale (29), a measure of social involvement in associations or voluntary
organizations and church attendance, and a measure of perceived social support (30). We
analyzed the correlations among the psychosocial indicators to avoid redundancy and found
that the correlations were small (r< 0.3) (31).

Statistical Analysis

Results

The analysis consisted of three parts. First, the frequencies of thrivers, nonthrivers,
deceased, and institutionalized participants were estimated. Second, minimally adjusted
multinomial logistic regression models were constructed to examine differences in the
independent variables among groups controlling only for potential confounding effects of
age and sex. Third, fully adjusted multinomial logistic models were developed to examine
differences in the independent variables among the groups controlling simultaneously for all
independent variables. The Wald F statistic was used to assess the overall model goodness
of fit (32). Analyses were conducted using SUDAAN statistical software (33) that uses
balanced repeated replication (bootstrapping method) to adjust for initial nonresponse and
the complex sampling design of the NPHS. Bootstrap weights provided by Statistics Canada
were used.

Half (50.8%) of all study participants had a baseline HUI3 score > 0.89. Of the 2432
participants, 190 (8%) were classified as thrivers, 1076 (47%) were classified as nonthrivers,
893 (36%) died, and 273 (9%) were institutionalized during the decade-long study. Figure 1
presents the mean HUI3 scores and confidence intervals for the four groups at each cycle.

Demographic data show (Table 1) that the thrivers were more likely to have completed high
school and to have higher household income than the other participants. At the baseline, the
thrivers were, on average, 6 years younger than the institutionalized participants, 4 years
younger than participants who later died, and a year younger than the nonthrivers (all
statistically significant differences). Regarding psychosocial characteristics, the thrivers
scored lower on the psychological distress measure and higher on sense of coherence, self-
esteem, and mastery than the other three groups. They scored higher than the decedents on
social involvement in associations or voluntary organizations. An analysis of behavioral
characteristics showed that (after adjusting for age and sex) never having smoked and using
alcohol in moderation were significantly more common among the thrivers than among the
comparison groups. There were no significant differences among the groups in the
prevalence of normal BMI. Not surprisingly, the number of life-threatening and other
chronic conditions, level of functional limitations, and use of medications were significantly
lower and self-assessed health status was higher among the thrivers than among the
comparison groups.
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Table 2 shows the fully adjusted multinomial logistic regression analyses. After adjusting
for all other variables in the model, the thrivers were more likely to be younger, female,
married, nonsmokers, and moderate alcohol users who had lower psychological distress and
higher self-rated health than the three comparison groups. Compared to the institutionalized
and nonthrivers, higher income was associated with thriving. Thrivers were less likely to
have functional limitations than were participants who later died, and were less likely to
have chronic illness than were the institutionalized participants and nonthrivers. To further
assess the robustness of the results, a supplementary analysis, restricted to all participants
with a baseline HUI3 score = 0.89, was conducted to compare those who maintained a score
of at least 0.89 over 10 years to those who did not. The results from a logistic regression
revealed that younger age (odd ratio [OR] 0.88; 95% confidence interval [CI], 0.83-0.93),
higher income (OR = 2.31; 95% Cl, 1.07-5.01), never-smoking status (OR = 2.56; 95% ClI,
1.51-4.35), moderate alcohol use (OR = 2.17; 95% Cl, 1.23-3.8), and absence of chronic
illness (OR = 1.81; 95% ClI, 1.05-3.12) were associated with thriving. These findings
parallel the earlier results.

Discussion

The purpose of this study was to describe the prevalence and correlates of 10 years of
exceptionally good health (thriving) in an aging population. A major strength of this
research was the use of a repeated, continuous, and multidimensional health status and
health-related quality-of-life measure that has substantial evidence of cross-sectional and
longitudinal construct validity in large, prospective epidemiologic studies. Although most
quantitative studies on successful aging were designed to examine the development of
pathology in later life (4), this analysis focused on the absence of functional limitations and
the maintenance of positive health. For example, to be classified as a thriver, respondents
reported a level 1 (*happy and interested in life”) or level 2 (“somewhat happy”) on the
HUI3 emotion component.

Eight percent of Canadian older adults were classified as thrivers over the full 10-year
period; this rate falls at the lower end of the successful aging prevalence range (0.4%-95%)
among the studies reviewed by Depp and Jeste (4). In contrast to other studies that defined
healthy or successful aging as the absence of physical disability or limitations on physical
performance and (to a lesser extent) the absence of cognitive impairment (4), this study
relied on a multidimensional measure of health status. It is also important to appreciate the
prospective nature of the study in which thrivers were required not merely to attain old age
in exceptional health, but to maintain their health throughout the 10 years of follow-up.

In line with several previous studies [e.g., (34,35)], this analysis found that thriving was
related to social and behavioral factors. Unlike other studies [e.qg., (36,37)], which suggested
that socioeconomic factors were not consistently related to successful aging, the fully
adjusted models in this study generally showed an association between income and thriving
in older age. There is abundant evidence that education, income, and other socioeconomic
characteristics are important determinants of health. Given that our approach was to
compare persons who thrive and do not thrive according to a number of important
determinants of health variables, it was important to include socioeconomic factors in the
comparisons. We recognize that there are other credible studies that have not found income
and education to be systematically related to successful aging.

The results regarding health behaviors are highly relevant to public health practice because
they reflect modifiable risk factors. For example, participants who never smoked and who
used alcohol in moderation were more likely to thrive in older adulthood than were those
with other health behaviors. These findings suggest that behavioral interventions (perhaps
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started early in life) may be key to sustaining exceptionally good health in an aging
population (22). It is interesting that physical activity and BMI were not associated with
thriving in the fully adjusted models.

Although healthy activities hold promise for promoting population health, interventions that
focus exclusively on risk behaviors have limited potential for reducing the socioeconomic
differentials noted in this study. To paraphrase Lantz and colleagues (38), the problem of
lifestyle and health is not just one of inadequate education or income, and the problem of
socioeconomic differentials in health is not just a problem of lifestyle choices.

It was indeed surprising to find that the relationship between perceived social support and
maintenance of exceptional health was weak and not statistically significant. Gender-
specific analyses yielded the same pattern of nonsignificant findings (data not shown). Many
studies have shown that a low initial level of perceived social support is associated with
morbidity and a decline in functional status in older adulthood (1). However, certain forms
of social support increase when one becomes ill, and our results may reflect social
connections among participants who were already in poor health at baseline. Also
noteworthy was the relationship between the measures of psychological resources and
maintenance of exceptionally good heath. Although not unexpected, these findings suggest
that elderly persons with a healthier outlook on life (i.e., less psychological distress and
greater sense of coherence) were more likely to be classified as thrivers after adjusting for
other confounders. Fostering the development of psychosocial hardiness among elderly
persons may yield important population health benefits.

Several limitations should be kept in mind when considering the findings of this study. First,
the criterion used to define the HUI3 cut point for classifying a participant as having thrived
is demanding and thus may have identified only the healthiest of the healthy. However, the
focus of the project was, by definition, on maintenance of “exceptional” health. Second, a
proportion (albeit small) of participants in the longitudinal cohort was lost to follow-up.
Third, a reliance on self-reported measures may lead to associations that are due, in part, to
shared methods variance. However, death and institutionalization were known from sources
other than the participants. Fourth, the participants could have been misclassified owing to a
lack of information about their health status prior to baseline (left censorship). For example,
an 84-year-old participant who was in robust health at baseline who died prior to the first
follow-up was classified as deceased. This participant could have been in exceptional health
(“thriving™) for decades prior to death or may have been temporarily in remission from a
terminal illness at the baseline. The point here is that the project focused not on attaining
excellent health at a given time in old age, but on maintaining exceptional health while
under observation during 10 years of follow-up. Fifth, we were unable to compare different
age groups (75-84, 85+) because of small cell sizes. Thus, we cannot assess the degree to
which the factors associated with successful aging remain stable or vary with increasing age.

Several protective factors (including behaviors established much earlier in life) may sustain
exceptionally good health through old age. It is now recognized in the field of population
health that well-being in late life cannot be adequately understood without the appreciation
of health-determining influences across the life span (39). As Berkman and Glymour [(40),
p. 108] noted, “The trajectory of health or ill health that elderly [people] undergo does not
begin at age 65: experiences accumulated throughout life set the stage for well-being in old
age.” Future research should examine the experiences of these cohorts before they entered
older adulthood.
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Appendix

Multiattribute Health Status Classification System: Health Utilities Index Mark 3

Attribute

Level Description

Vision

Hearing

Speech

Ambulation

Dexterity

1. Able to see well enough to read ordinary newsprint and recognize a friend on the other side of the
street, without glasses or contact lenses

2. Able to see well enough to read ordinary newsprint and recognize a friend on the other side of the
street, but with glasses

3. Able to read ordinary newsprint with or without glasses but unable to recognize a friend on the other
side of the street, even with glasses

4. Able to recognize a friend on the other side of the street with or without glasses but unable to read
ordinary newsprint, even with glasses

5. Unable to read ordinary newsprint and unable to recognize a friend on the other side of the street, even
with glasses

6. Unable to see at all
1. Able to hear what is said in a group conversation with at least three other people, without a hearing aid

2. Able to hear what is said in a conversation with one other person in a quiet room without a hearing
aid, but requires a hearing aid to hear what is said in a group conversation with at least three other people

3. Able to hear what is said in a conversation with one other person in a quiet room with a hearing aid,
and able to hear what is said in a group conversation with at least three other people, with a hearing aid

4. Able to hear what is said in a conversation with one other person in a quiet room, without a hearing
aid, but unable to hear what is said in a group conversation with at least three other people, even with a
hearing aid

5. Able to hear what is said in a conversation with one other person in a quiet room with a hearing aid,
but unable to hear what is said in a group conversation with at least three other people, even with a
hearing aid

6. Unable to hear at all
1. Able to be understood completely when speaking with strangers or friends

2. Able to be understood partially when speaking with strangers but able to be understood completely
when speaking with people who know me well

3. Able to be understood partially when speaking with strangers or people who know me well

4. Unable to be understood when speaking with strangers but able to be understood partially by people
who know me well

5. Unable to be understood when speaking to other people (or unable to speak at all)
1. Able to walk around the neighborhood without difficulty, and without walking equipment

2. Able to walk around the neighborhood with difficulty; but does not require walking equipment or the
help of another person

3. Able to walk around the neighborhood with walking equipment, but without the help of another
person

4. Able to walk only short distances with walking equipment, and requires a wheelchair to get around the
neighborhood

5. Unable to walk alone, even with walking equipment. Able to walk short distances with the help of
another person, and requires a wheelchair to get around the neighborhood

6. Cannot walk at all
1. Full use of two hands and ten fingers
2. Limitations in the use of hands or fingers, but does not require special tools or help of another person

3. Limitations in the use of hands or fingers, is independent with use of special tools (does not require
the help of another person)
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4. Limitations in the use of hands or fingers, requires the help of another person for some tasks (not
independent even with use of special tools)

5. Limitations in use of hands or fingers, requires the help of another person for most tasks (not
independent even with use of special tools)

6. Limitations in use of hands or fingers, requires the help of another person for all tasks (not
independent even with use of special tools)

Emotion 1. Happy and interested in life
2. Somewhat happy
3. Somewhat unhappy
4. Very unhappy
5. So unhappy that life is not worthwhile
Cognition 1. Able to remember most things, think clearly, and solve day-to-day problems

2. Able to remember most things, but have a little difficulty when trying to think and solve day-to-day
problems

3. Somewhat forgetful, but able to think clearly and solve day-to-day problems

Somewhat forgetful, and have a little difficulty when trying to think or solve day-to-day problems
Very forgetful, and have great difficulty when trying to think or solve day-to-day problems
Unable to remember anything at all, and unable to think or solve day-to-day problems

Pain Free of pain and discomfort

Mild to moderate pain that prevents no activities
Moderate pain that prevents a few activities

Moderate to severe pain that prevents some activities

o M w0 N r oo g &

. Severe pain that prevents most activities

Source: Feeny et al., 2002 (11).
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Table 2

Estimated Odd Ratios (OR) and 95% Confidence Intervals (CI) From a Multinomial Logistic Regression of
Thriving Versus Nonthriving, Having Been Institutionalized, or Dying, NPHS 1994-1995 to 2004—-2005

ThriversvsNonthriversOR  Thriversvs Thriversvs Deceased OR

*
Basdline Characteristics (95% Cl) Ingtitutionalized OR (95%  (95% Cl)

1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

cl)

Sociodemographic

Age in years
Female
Not married

2 High school

Household income
<$15,000 (reference category)
$15,000-$29,999
>$29,999

Psychosocial factors
Perceived social support
Social involvement.

Sense of coherence

Mastery
Self-esteem

Psychological distress (K6)

Behavioral factors

Never smoked
Moderate alcohol use

Physically active
Normal weight (BMI = 18.5-24.9 kg/m?)
Health status

Absence of life-threatening illness
Absence of chronic illness
Functional limitations

Self-rated health

Number of medications used

0.92 (0.87-0.97)"
0.95 (0.57-1.61)

0.56 (0.32-0.98)°

1.31 (0.76-2.26)

1.41 (0.68-2.90)

217 (101-4.67)°

0.99 (0.71-1.38)
1.00 (0.91-1.09)

104 (1.01-1.07)°

0.96 (0.89-1.03)
1.09 (0.98-1.20)

0.87 (0.77-0.97)°

189 (1.10-3.23)°

178 (1.07-2.95)°

1.08 (0.62-1.88)
1.15 (0.67-1.97)

1.59 (0.88-2.88)

224 (131-381)
0.50 (0.24-1.07)

153 (112-2.10)”
107 (0.87-1.33)

0.74 (0.69-0.79)
0.82 (0.39-1.75)

0.50 (0.25-1.00)

1.37 (0.71-2.66)

1.90 (0.76-4.78)

2.86 (1.08-7.69)°

1.10 (0.76-1.59)
0.98 (0.88-1.09)
1.03 (0.99-1.07)

0.98 (0.89-1.08)
1.11 (0.98-1.25)

0.78 (0.67-0.91) "

3.03 (149-6.25)"

2.87 (1.30-6.34)

1.46 (0.77-2.78)
1.07 (0.56-2.06)

2.46 (1.21-4.99)°

2.09 (1.03-422)°

0.46 (0.21-1.00)

165 (1.14-2.39)7
123 (0.95-1.59)

0.80 (0.75-0.85)"

2.04 (1.10-3.79)°
0.74 (0.40-1.35)

1.70 (0.95-3.06)

1.36 (0.60-3.05)
1.58 (0.66-3.75)

0.93 (0.64-1.36)
1.07 (0.97-1.19)
1.03 (1.00-1.06)

0.96 (0.89-1.03)
1.10 (0.99-1.22)

0.81 (0.72-0.91)"

4.35 (2.44-7.69)7

222 (1.25-3.95)"
1.30 (0.72-2.32)
0.89 (0.49-1.61)

1.89 (0.97-3.69)

1.74 (0.95-3.16)

0.40 (0.19-0.86)°

176 (1.24-2.50)"
1.03 (0.82-1.30)

Notes: All variables were entered simultaneously into the multinomial logistic model. Model fit statistic: Wald ~(£3) = 4.63, p<.001. ORs > 1
denote benefit for categorical variables and risk for continuous variables.

NPHS = Canadian National Population Health Survey; K6 = Kessler 6-item nonspecific psychological distress scale; BMI = body mass index.

*
All variables were measured at cycle 1 (1994-1995).

fp< .01.

¢p< .001.
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§p< .05.
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