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Abstract

Preserving physical and cognitive function is crucial to successful aging. The objective of this study is to
determine how many 87-year-old community-dwelling subjects continued to age successfully, according to a
definition using a quantitative approach, and to assess the predictive value of certain factors evaluated 2 years
previously. A total of 162 participants were assessed. Sociodemographic variables, the Barthel Index (BI), the
Spanish version of the Mini-Mental State Examination (MEC), the Mini Nutritional Assessment (MNA), the
Charlson Index, the Gait Rating Scale, social risk, quality of life, prevalent chronic diseases, and chronic drug
prescription were collected. All subjects with scores over 90 points on the BI and above 23 points on the MEC
were compared with the rest of the participants. A multiple regression analysis was performed. With the selected
criteria, 90 (61.6%) community-dwelling subjects continued to age successfully. The multiple logistic regression
analysis showed that the following were significantly associated with continued successful aging: A higher level
of studies ( p < 0.02, odds ratio [OR] 3.223, 95% confidence interval [CI] 1.158–8.975), better MEC scores ( p < 0.01,
OR 1.204, 95% CI 1.046–1.386) and Tinetti gait scale scores ( p < 0.01, OR 1.433, 95% CI 1.013–2.027), and fewer
chronic drug prescriptions ( p < 0.001, OR 0.768, 95% CI 0.655–0.899). In conclusion, more than half of the
individuals continued to age successfully. In subjects aged 87 years, the factors associated with continued
successful aging were longer schooling, better cognition scores, lower risk of falls, and fewer chronic drug
prescriptions at baseline evaluation.

Introduction

In developed countries, the average life span of men and
women continues to increase, and consequently the oldest

old is a growing population segment.1 To reduce the burden
and enhance the benefits associated with an aging popula-
tion, research responses to the factors that favor any decrease
in age-disease disability are very important. The goal is to
reach old age with the maximum health status. In the last
few decades, the concept of successful aging has gained
importance in medical sciences. As a result, a variety of
definitions encompassing physical, functional, psychological,
and social health have been reported.2–6

Previously, we evaluated a nonagenarian cohort in our area
(the Nonasantfeliu study)7,8 to assess possible differences be-
tween subjects who were aging successfully. Successful aging
was defined by good functional and cognitive status and living
in the community, among other factors. We concluded that
male nonagenarians with low co-morbidity are probably more
successful than female nonagenarians with high co-morbidity.7

In a subsequent study of the Octabaix cohort (328 subjects
aged 85 years), we found that almost half of the participants
were aging successfully (49.3%), according to the quantita-
tive definition chosen. Subjects aged 85 years with low co-
morbidity and a minor risk of malnutrition and falls were
associated with more successful aging.9
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The aim of the current study was to evaluate the propor-
tion of subjects who were classified as aging successfully at
the beginning of the Octabaix study (out of a cohort of
community-living subjects aged 85 years at baseline) that
maintained their higher functional and cognitive status and
were still living in the community after a follow-up period of
24 months. We also aimed to identity some predictors of
continued successful aging.

Methods

The Octabaix study is a prospective cohort study. The
initial participants were 328 community-dwelling inhabi-
tants born in 1924 (85 years old at the time of inclusion) and
registered with one of seven primary care teams in the
geographical area of Baix Llobregat, Barcelona, Spain. The
sample is described in more detail elsewhere.9,10 In brief,
every old inhabitant was interviewed at their home or their
health center by a geriatric-trained research team. The institu-
tional ethics committee approved the study. All patients or the
caregivers of cognitively impaired subjects gave their written
informed consent before enrollment. We assessed all patients
without exclusion criteria of health or cognitive status. A geri-
atric assessment and sociodemographic data (gender, marital
status, place of residence, studies, and living alone) were in-
cluded in the interview. Functional status, cognitive status,
nutritional status, social risk, gait, and falls were assessed by
instruments currently used in geriatric practice.

Functional status was measured using the Barthel Index
(BI)11 for the basic activities of daily living (ADL). The total
BI score ranges from 0 to 100 points (from help needed to
independent in all activities). Cognitive function was mea-
sured by the Spanish version of the Mini-Mental State Ex-
amination (MEC),12 which has a total score of 35 (a score
below or equal to 23 indicates cognitive impairment). Nu-
tritional status was assessed using the Mini Nutritional As-
sessment (MNA).13 The MNA score is based on 18 items
covering four component subscores. The score obtained
(maximum 30 points) enabled the elderly people to be clas-
sified into three categories: 24–30, well-nourished; 17–23.5, at
risk of malnutrition; and < 17, malnourished. Gait was
evaluated with the Gait Rating Scale from the Tinetti
Performance-Oriented Mobility Assessment. This scale con-
sists of seven components14 and provides a final score that
ranges from 0 to 12, with a higher score indicating better gait
performance. A fall was defined as any incident in which the
patient ends up on the ground or at a lower level against
his/her will (and not due to an intentional movement).15

Patients and/or caregivers were asked about any falls in the
last year. The Gijon scale was used for the social assessment.16

This scale is scored on a maximum of 24 points. Social risk
scores are those between 10 and 14, and social problems exist
with scores > 15. Quality of life was assessed using the
Quality of Life Test (EuroQol-5D) with the visual analog scale
(EQ-VAS) of perceived health from 0 to 100: 0 represents the
worst state of health imaginable and 100 the best.17

The Charlson score (CS) was used to measure overall co-
morbidity.18 It ranges from 0 to a theoretical maximum of 33,
depending on the presence of certain diseases with assigned
values. Data on some cardiovascular risk factors were col-
lected, including hypertension, diabetes mellitus, and dysli-
pidemia. For most diseases, we determined prevalence by

reviewing the data included in the general practice records:
Ischemic cardiomyopathy, heart failure, stroke, chronic ob-
structive lung disease, cancer, and atrial fibrillation were
reported. The total number of chronic drug prescriptions and
blood test results was collected.

Procedure

We defined successfully aging subjects as those who were
noninstitutionalized and had scores of 91 or higher on the BI
and 24 or higher on the MEC. We had already used these
criteria to assess the oldest old population in our area.7–9 We
found that 162 of the total Octabaix cohort of 328 subjects
(49%) were aging successfully at baseline.9 After a 2-year
follow-up, we had data on the functional, cognitive, and
living status of 146 of these 162 (90%) successfully aging
individuals. Sixteen subjects declined to participate (no dif-
ferences in gender and BI and MEC scores at baseline from
the rest of the subjects who continued with the study were
present). In the present study, we reevaluated the success-
fully aging subjects at baseline to check if they still had this
status. We considered that subjects who had died or had
been institutionalized had not attained the objective.

Data analysis

Normally distributed continuous variables are reported as
mean – standard deviation (SD). Categorical variables are
reported as proportions. Normal or nonnormal distributions
of continuous variables were assessed using the Kolmogorov–
Smirnov test. The Student t-test was used to compare con-
tinuous variables, with a previous Levene test for equality of
variances, whereas either the chi-squared statistic or Fisher
exact test was used to compare categorical or dichotomous
variables. A logistic regression analysis was performed to
determine the variables associated with successful aging. The
variables entered into the regression model were gender, all
the variables with significant differences in the bivariate
analysis (level of studies, MEC, MNA, Tinetti gait scale,
number of falls, previous diagnosis of atrial fibrillation,
and number of chronic drug prescriptions), as well as func-
tional status (BI) and co-morbidity (Charlson Index). An
adjusted odds ratio (OR) with a 95% confidence interval (CI)
was used. To evaluate the model generated, we tested
goodness of fit using the Hosmer–Lemeshow test and we
also computed the pseudo-R2 of Cox–Snell. The results
were considered significant when p < 0.05. All analyses were
performed using SPSS 15.0 statistical software (SPSS Inc.,
Chicago, IL).

Results

The final sample comprised 146 subjects aged 87 at the
time of the evaluation. There were 82 women (56.2%) and 64
men. Fifty subjects (34.2%) lived alone. Regarding marital
status, 73 (50%) were married, 66 (45.2%) widowed, and 7
(4.8%) unmarried. Thirty-six (24.7%) had a university degree
or had reached high school, and the remaining 110 (75.3%)
had primary studies or did not have any studies at all.

Geriatric assessment

The mean values of the scales used in the geriatric as-
sessment at baseline were as follows: BI 98.6 – 2.2 for basic
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ADL and MEC 30.6 – 2.2 in relation with cognition. The
mean of the MNA for malnutrition risk was 26.2 – 2.5, with
most subjects scoring well-nourished (77%) and no mal-
nourished patients. The mean of the other geriatric assess-
ment scales were Tinetti Gait Scale 8.2 – 1.2 for fall risk and
finally 9.1 – 2.2 on the Gijon test for social risk. The mean of
the EuroQol-5D-EQ-VAS was 68.3 – 18.

Co-morbidity evaluation

The mean Charlson Index was 1.05 – 1.3. In relation to
major cardiovascular risk, hypertension was found in 114
(78.1%) subjects, diabetes in 18 (12.3%) and dyslipidemia in
778 (52.7%). Seven subjects had previous clinical histories of
ischemic cardiomyopathy (4.8%), 15 heart failure (10.3%),
8 chronic obstructive pulmonary disease (5.5%), 16 atrial
fibrillation (11%), 19 cancer (13%), and 17 stroke (11.6%).
Patients were taking an average of 5.3 – 3 chronic drugs,
whereas 126 patients (86%) were treated with three or more
drugs. The mean number of falls recorded in the previous
year was 0.38 – 0.7 falls per subject.

Successful aging at 2-year follow-up

The mean value of BI at the 24-month assessment was BI
92.6 – 15.1, with 94 (64.6%) subjects maintaining BI scores

above 90. In relation to cognition, the mean MEC score after
the follow-up period was 27.5 – 8.1, with 115 (78.8%) indi-
viduals having MEC values higher than 23 points. With the
selected quantitative criteria including function and cogni-
tion, 90 (61.6%) community-dwelling subjects continued to
age successfully. The main reasons for losing successful
status in the remaining 56 subjects were: 39 (69.6%) lost on
the BI Index score, 18 (32.1%) lost on the MEC (the drops
were both recorded in 14 subjects), and finally 13 (23.2%)
died. Acquired disability was associated with in-
stitutionalization in six subjects.

Table 1 shows the differences between the two groups. In
the group aged 87 years with successful aging, there was a
higher level of studies and better scores on the MEC, MNA,
and Tinetti gait scale. In the nonsuccessful aging group, there
was a higher number of falls in the previous year, a high
percentage of subjects with a diagnosis of atrial fibrillation,
and a higher number of chronic drug prescriptions.

Using multiple logistic regression analysis, successfully
aging subjects were significantly associated with a continued
successful aging status, a higher level of studies, better scores
on the MEC and the Tinetti gait scale, and a lower number of
chronic drug prescriptions (Table 2) Goodness of fit for this
model is adequate (chi-squared 5.6 with a p = 0.68). The Cox
and Snell pseudo-R2 computed was 0.26.

Table 1. Differences Between Groups According to Successful Aging Status after the 2-Year Follow-Up

Successful
aging (n = 90)

Non successful
aging (n = 56)

p
value

Gender 0.85
Male, n (%) 40 (44.4%) 24 (42.9%)
Female, n (%) 50 (55.6%) 32 (57.1%)

Marital status 0.93
Married 46 (51.1%) 27 (48.2%)
Single 4 (4.4%) 3 (5.4%)
Widowed 40 (44.4%) 26 (46.4%)

Unmarried 44 (48.9%) 29 (51.8%) 0.73

Studies 0.02
Any or primary studies 62 (69%) 48 (85.7%)
Secondary or university studies 28 (31.1%) 8 (14.3%)
Living alone 32 (35.6%) 18 (32.1%) 0.67
Barthel Index, mean – SD 98.7 – 2.1 98.3 – 2.3 0.22
MEC, mean – SD 31.3 – 3 29.5 – 2.6 0.0001
MNA, mean – SD 26.8 – 2.1 25.3 – 2.9 0.001
Gijon questionnaire, mean – SD 9 – 2.4 9.3 – 2.3 0.49
Falls, mean – SD 0.26 – 0.5 0.57 – 0.9 0.01
Tinetti Gait Scale, mean – SD 8.6 – 0.8 7.8 – 1.6 0.001
EuroQol-5D and EQ-VAS 71 – 15 63 – 21 0,02
Charlson Co-morbidity Index, mean – SD 0.91 – 1.2 1.3 – 1.4 0.11
Hypertension, n (%) 67 (74.4%) 47 (83.9%) 0.17
Diabetes mellitus, n (%) 9 (10%) 9 (16%) 0.41
Dyslipidemia, n (%) 44 (48.9%) 33 (58.9%) 0.23
Previous stroke, n (%) 10 (11.1%) 7 (12.5%) 0.80
Chronic obstructive lung disease, n (%) 5 (5.6%) 3 (5.4%) 0.95
Heart failure, n (%) 10 (11%) 5 (9%) 0.67
Atrial fibrillation, n (%) 4 (4.4%) 12 (21.4%) 0.001
Ischemic cardiopathy, n (%) 3 (3.3%) 4 (7.1%) 0.29
Cancer, n (%) 13 (14.4%) 6 (10.7%) 0.51
Number of drugs taken, mean – SD 4.6 – 2.6 6.6 – 2.9 0.0001

SD, Standard deviation; MEC, Spanish version of the Mini-Mental State Examination. Score; MNA, Mini Nutritional Assessment score;
EuroQol-5D and EQ-VAS, Quality of Life Test with the visual analog scale.
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Discussion

At 85 years old, people are very close to the maximum life
bspan in developed countries. In the baseline assessment,
including all the subjects of the NonaSatfeliu cohort, we
found that half of the subjects who lived in the community
had good physical and mental function.9 We have chosen
these two aspects, because physical and cognitive dysfunc-
tion represent two of the most feared states among the el-
derly, because they can lead to dependency and social
isolation.19 At 87 years, a considerable percentage (61.6%) of
the sample continued to age successfully. These very old
people managed to stay alive, live in the community, and
have good physical and mental function after what we can
considerer a long follow-up with respect to the life expec-
tancy of this population segment. In a previous study of
nonagenarians (mean age 7 years older that the subjects in-
cluded in this sample) in our area, we found a lower rate
of maintenance of successful aging (43.5%)8 than currently
described.

After the application of the multivariate analysis, contin-
uation of successful aging was significantly associated with a
higher level of studies, better scores on a cognition test
(MEC) and lower risk of falls (Tinetti gait scale), as well as a
lower number of chronic drug prescriptions.

With regard to the importance of education, a high edu-
cational level has been previously reported as a predictive
factor of ‘‘successful aging.’’2 We confirmed this association.
Subjects born in 1924 would have been 12 years old at the
outbreak of the Spanish Civil War in 1936, which could have
contributed to a low level of education. However, in our
study, 24% of participants had at least reached high school.
This percentage is higher than that previously reported in the
general Spanish population of the oldest old subjects20 and
may have contributed to the subjects having reached 85
years. However, this cannot be inferred from the Octabaix
study methodology. This association between education and
successful aging needs to be contrasted in future studies.

Good cognitive function is an important part of the con-
cept of successful aging.6,21 The preservation of cognitive
abilities at the age of retirement can predict successful aging
many years later.22 It is striking that even in the group of
people evaluated in the present study with a narrow range of
cognitive scores (all within normal limits), a few more points
on the MEC can predict that a person will age successfully
after 2 years. Some of the domains of the MMSE have proven
to be more effective detecting losses. Specifically, poor per-
formance on the MMSE orientation for time domain is as-

sociated with a faster rate of decline in total MMSE scores
over time, whereas good performance on the delayed recall
domain, in addition to good performance on another do-
main, is associated with a slower rate of decline.23

Despite the importance of physical function, the use of the
BI as a semiquantitative scale did not enable us to detect the
predictive utility of any change in this factor, because all
patients were included in the two BI categories of 95 or 100.
The Tinetti gait scale measurement consists of seven com-
ponents: Initiation of gait, step length and height (right and
left foot), step symmetry, step continuity, path deviation,
trunk stability, and walking stance. It seems logical that
people with poor physical or cognitive function may report
worse results on this test. Moreover, the Tinetti gait scale
may be considered a test of lower limb performance, and it is
also likely that it can evaluate the fragility of the subjects in
some way. The association between functional and/or cog-
nitive decline and falls is known.24 Therefore, the baseline
evaluation showing that individuals of 85 years with better
cognition and function had a lower risk of falls was an ex-
pected finding.9 A fall risk scale also serves to identify those
who will maintain successful aging after 2 years of moni-
toring. The group of patients with successful aging had fewer
falls during the year prior to the initial assessment, although
this was not confirmed in the multivariate analysis.

The last factor associated with continued successful aging
was fewer chronic drug prescriptions. In most cases, only
essential drugs are prescribed. However, it is also known
that increasing the number of drugs increases the risk of
problems. Adverse side effects are a considerable cause of
illness and death in elderly people. Thus, the appropriate,
cost-effective use of medication is central to successful
aging.25 Patient co-morbidity and the patient’s control
different needs are closely related to the number of drugs
that are taken. Co-morbidity is the rule rather than an
exception in the oldest subjects. At baseline in the Octabaix
study evaluation, individuals with lower co-morbidity were
associated with better aging.8 However, our opinion is sim-
ilar to that previously reported21: Chronic conditions do
not necessarily preclude high levels of well-being in older
individuals. Therefore, successful aging may coexist with
diseases and functional limitations if compensatory psycho-
logical and/or social mechanisms are used.5

Among the remaining factors that lost their significance in
the bivariate analysis are nutritional risk, atrial fibrillation,
and quality of life assessment. The MNA13 is a simple tool
used in clinical practice to measure nutritional status in el-
derly persons and to detect risk of malnutrition. As we found
in the cross-sectional assessment 2 years ago, an association
between reduced nutritional risk and better health outcome
is not surprising.9 Here, the narrow margin in the MNA
values of the study population at baseline, with an average
score within the group of well-nourished subjects, may ex-
plain why the statistical differences are lost in the multivar-
iate analysis. Atrial fibrillation is the commonest rhythm
abnormality, and its occurrence increases with aging. It is
often associated with high morbidity, including cognitive
decline.26 Logically, atrial fibrillation could predict loss of
good health status. However, the multivariate analysis did
not confirm this factor. Finally, in the initial evaluation, we
found that people defined as successful agers had better
quality of life scores. Consequently, we were interested in

Table 2. Odds Ratio of Variables in the Multiple

Logistic Regression Analysis Model

p
value

Odds
ratio

95% confidence
interval

Secondary or
university studies

0.02 3.223 1.158–8.975

Tinetti Gait Scale 0.04 1.433 1.013–2.027
MEC 0.01 1.204 1.046–1.386
Number of

drugs taken
0.001 0.768 0.655–0.899

MEC, Spanish version of the Mini-Mental State Examination.
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checking whether this positive feeling of well-being was as-
sociated with maintaining successful aging at 2-year follow-
up. An association was found in the bivariate analysis, but
not in the multivariate analysis.

No gender differences existed in the current longitudinal
study. In the previous nonagenarian study, we did find
gender differences: At 2-year follow-up, male nonagenarians
who were aging successfully were more likely to maintain
this status than females.8

A recent interesting study classified the proportions of
centenarians reaching 100 years as three profiles: (1) Survi-
vors (43%) of chronic diseases first experienced between 0
and 80 years of age; (2) delayers (36%) with chronic diseases
first experienced between 80 and 98 years of age; or (3) es-
capers (17%) with chronic diseases only at 98 years of age or
older.27 The follow-up of our cohort should let us know how
many of them becoming ‘‘delayers or escapers’’ subjects and
if a correlation exists between being classified as successful
aging at 85 years old and being an escaper profile.

The strengths of this longitudinal Octabaix study include
the use of a community-based sample of subjects of the same
age. This sample provides a representative range of socio-
economic characteristics of older residents in our area, who
were all registered with a general practice and all received a
multiplicity of measures. However, we acknowledge that
this strength might also constitute a weakness because it
limits the generalization of the health survey findings to
other populations. The study has several other limitations.
Some measures that may affect the success of aging, including
depression, were not evaluated. Another limitation of our
study is that a subanalysis of MEC items was not performed
to detect possible differences according to the areas of cogni-
tive function (e.g., orientation, attention, calculation). Finally,
the deleterious effect of certain events (hospitalizations, frac-
tures, etc.), or the potential benefits of health promotion (im-
munizations, memory workshops, etc.) were recorded.

In conclusion, more than half of 87-year-old people in the
population continued to age successfully, according to the
quantitative definition chosen. In subjects aged 87 years,
the factors associated with continued successful aging were a
higher level of studies, better cognition scores, a lower risk of
falls, and a lower number of chronic drug prescriptions.
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