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Abstract
Background  Successful ageing is the term often used for depicting exceptional ageing and can be measured with 
multidimensional models including physical, psychological and social wellbeing. The aim of this study was to test 
multidimensional successful ageing models to investigate whether these models can predict successful ageing, and 
which individual subcomponents included in the models are most significantly associated with successful ageing.

Methods  Successful ageing was defined as the ability to live at home without daily care at the age of 84 years 
or over. Data on the participants’ physical, psychological and social wellbeing were gathered at baseline and 
the follow-up period was 20 years. Four successful ageing models were constructed. Backward stepwise logistic 
regression analysis was used to identify the individual subcomponents of the models which best predicted successful 
ageing.

Results  All successful ageing models were able to predict ageing successfully after the 20-year follow-up period. 
After the backward stepwise logistic regression analysis, three individual subcomponents of four models remained 
statistically significant and were included in the new model: having no heart disease, having good self-rated health 
and feeling useful. As a model, using only these three subcomponents, the association with successful ageing was 
similar to using the full models.

Conclusions  Multidimensional successful ageing models were able to predict successful ageing after a 20-year 
follow-up period. However, according to the backward stepwise logistic regression analysis, the three subcomponents 
(absence of heart disease, good self-rated health and feeling useful) significantly associated with successful ageing 
performed as well as the multidimensional successful ageing models in predicting ageing successfully.
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Background
Successful ageing (SA) has been defined various ways 
[1] with the most popular perhaps being the definition 
of physical, psychological and social well-being by Rowe 
and Kahn [2]. Since that, it has been postulated, that SA 
is also possible in the presence of disease and disabilities 
[3]. If only individuals with high levels of functioning are 
considered successful agers, they can be non-existent 
after a long follow-up period [4].

Nosraty et al. (2019) constructed four SA models that 
included different combinations of physical, psycho-
logical and social components and found that the model 
which allowed slight dependencies in functioning and a 
few illnesses, but not dementia or depression, was the 
most robust predictor of institutionalization among 
Finnish nonagenarians [5]. They have also investigated 
the association of SA according to the same models, with 
mortality among nonagenarians, and had similar results 
[6].

As Nosraty et al. (2019) point out, when examining 
older individuals, the probability of disease and disabili-
ties is higher than in a younger population and therefore 
the definition of successful ageing by Rowe and Kahn 
(1997) (absence of disease and disability, maintenance 
of physical and cognitive functioning and active engage-
ment in life) seems strict [2]. Young et al. (2009) sug-
gested that the three components can compensate each 
other, so that successful ageing can occur even with 
disease and disability [3]. Obviously, not having seri-
ous illnesses or disabilities improves the probability of 
ageing successfully. The psychological component is of 
utter most importance as it reflects the outlook on one’s 
health when facing disease [7]. The association of self-
rated health (SRH) with mortality has been confirmed 
in a large-scale meta-analysis [8]. Also, earlier research 
indicates that having social support when facing a health 
stressor lowers the risk of institutionalization among 
older people [9]. These findings thus support the use of 
multidimensional SA models.

We have previously described older adults (born in or 
before the year 1933) who at the age of 84 years or over 
were still able to live at home without daily informal or 
formal care, and defined them as successful agers. We 
found that these successful agers were satisfied with their 
lives and had a lower biological than chronological age 
both at baseline (in 1998‒1999 at the age of 64 years or 
over) and after a 20-year follow-up [10].

The purpose of this study was to test multidimen-
sional SA models constructed by Nosraty et al. (2019) 
[5], in predicting successful ageing (independent living at 
home at the age of 84 years or over) in a younger (aged 
64 years or over) population during a longer follow-up 
period of 20 years. Same construct of physical, psycho-
logical and social components were used with only minor 

modifications. Also, we aimed to investigate which indi-
vidual subcomponents included in the SA models pre-
dicted successful ageing.

Methods
Study population
This study is part of the longitudinal Lieto study, a clini-
cal, epidemiological study of subjects aged 64 years or 
older. It was carried out in Lieto, a semi-industrialized 
rural municipality in Southwestern Finland. All residents 
born in 1933 or earlier living in Lieto on February 16th 
of 1998 (n = 1596; 666 men and 930 women, 12% of the 
population) were invited, in a random order, to partici-
pate in the study at baseline. Of those eligible, 63 died 
before the baseline examination and 273 refused or did 
not respond. Altogether 1260 (82%) subjects participated 
in the baseline examination between March 1998 and 
September 1999, 533 men and 727 women. The baseline 
examination is described elsewhere [11]. Briefly, at base-
line the study protocol consisted of an extensive inter-
view on demographic and socioeconomic factors and 
health behavior, numerous laboratory tests, and a clini-
cal examination including a comprehensive survey of the 
participants’ medical records. The baseline examination 
was carried out in the Lieto Health Care Center or at the 
participant’s home.

For re-examination that took place between Septem-
ber and November of 2018, we invited the original Lieto 
study participants still living at home in the municipal-
ity of Lieto in June of 2018 (n = 221). Before the re-exam-
ination, three were institutionalized and five deceased. 
Seventy-five subjects did not participate, leaving 138 
participants for the re-examination. Briefly, the re-exam-
ination took place circa 20 years after the baseline exami-
nation and included most of the original variables and a 
few new ones [10]. The re-examination was conducted 
by one study physician and one study nurse and was per-
formed either at Lieto Health Care Center or the partici-
pants’ home and included the meticulous investigation 
of electronic patient records to include all the diseases 
acquired during the 20-year follow-up.

Of the re-examined participants, 112 had no need for 
daily informal or formal care at time of re-examination 
and were considered successful agers [10]. Also, 38 of the 
non-participants responded by mail and had no need for 
daily informal or formal care and thus were considered 
successful agers and their data are used in part of the 
analyses. Flow chart for the study is shown in Fig. 1.

The characteristics of the re-examined successful agers 
(n = 112) at baseline and at re-examination have been 
reported earlier [10]. Briefly, the participants’ mean age 
was 67.8 years (SD 2.5, range 64‒77) at baseline and 87.6 
years (SD 2.5, range 84‒96) at re-examination. In all vari-
ables analyzed, there was a statistically significant change 
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depicting poorer physical ability and subjective health at 
re-examination than at baseline. Of the participants, 99% 
of were at least moderately satisfied with their lives and 
80% described their SRH at least moderate.

Mortality
Data from all participants who died before January 2017 
were obtained from the official Finnish Cause of Death 
Registry using unique personal identification numbers, 
and from the municipality’s electronic patient record sys-
tem from January 2017 to September 2018. Original par-
ticipants who were deceased before the re-examination 
were considered as unsuccessful agers in the analyses.

Institutionalization and need for daily informal or formal 
care
Institutionalization was defined as permanent entry into 
a long-term care facility. Daily informal care was defined 
as having a live-in carer providing daily care. Daily formal 
care was defined as having daily visits from the munici-
pality’s home care nursing staff. Data on institutionaliza-
tion from baseline to the start of the re-examination in 
September 2018 and data on need for daily informal or 
formal care at time of the re-examination were gathered 

from the municipality’s electronic patient record system. 
Participants institutionalized during the follow-up period 
were not invited to the re-examination. Participants insti-
tutionalized before the re-examination or needing daily 
informal or formal care at time of the re-examination 
were considered as unsuccessful agers in the analyses.

Successful ageing models
The constructed SA-models included physical, psycho-
logical and social components each made up of different 
subcomponents (Additional file 1).

Physical component (PhC)
Diseases and functional ability were considered as the 
physical elements.

Diseases were considered as physician-diagnosed in 
contrary to the study by Nosraty et al. (2019) [5], which 
included only self-report data on diseases.

The following diseases were considered using the 10th 
revision of the International Statistical Classification of 
Diseases and Related Health Problems (ICD-10) [12]: 
heart disease (I20‒25, I48‒49), cerebral vascular diseases 
(I63‒64), diabetes (E11), arthritis (M05‒06, M10), Par-
kinson’s disease (G20), hip fracture (S72) and dementia 

Fig. 1  Flow chart of the study participants
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(F00‒03, G30). Also dementia diagnosed by the Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-IV) 
[13] at the baseline examination was considered. In addi-
tion to these, the study physicians determined whether 
the participant suffered from the effects of stroke at time 
of the baseline examination.

Functional ability was measured as self-reported simi-
larly as in the study by Nosraty et al. (2019) [5] by a ques-
tion on the independent ability to move indoors, to get 
in and out of bed, to dress and undress, to walk a flight 
of stairs and to walk 400 m. The answer options to all of 
these were: “independently”, “independently but with dif-
ficulties”, “if someone helps”, and “no”. The participants 
were only categorized as able to do these activities if they 
answered either “independently” or “independently but 
with difficulties”. The last two of these activities were con-
sidered more demanding than the first three.

Two alternatives for PhC were constructed:

PhC 1: Absence of all the diseases and independence 
in all five activities.
PhC2: Absence of dementia, less than three dis-
eases, independent in three less demanding activi-
ties (move indoors, get in and out of bed, dress and 
undress).

Psychological component (PsC)
Three elements were included: depression or depressive 
feelings, SRH and the feeling of leading a full life.

For depression or depressive feelings we consid-
ered previous or current diagnosis of depression in the 
medical records by ICD-10 [12] code of F32, diagnosis 
of depression by the DSM-IV [13] at time of baseline 
examination, and depressive feelings at time of baseline 
examination assessed by the Zung Depressive Scale [14] 
question “I feel sad and blue” with the answer options of 
“never or very seldom”, “sometimes”, “often” and “mostly 
or always”. A person was categorized as having depressive 
feelings if they answered “often” or “mostly or always”. 
The diagnosis of depression was considered as physician-
diagnosed rather than self-reported as in Nosraty et al. 
(2019) [5].

SRH was evaluated similarly as in the study by Nosraty 
et al. (2019) [5] at the baseline examination by the ques-
tion “How would you rate your current state of health?” 
with the answer options of “very good”, “good”, “aver-
age”, “poor” or “very poor”. SRH was regarded as good 
if answered “very good”, “good” or “average” and poor if 
answered “poor” or “very poor”.

In the original study, the third element included in the 
psychological component was the respondent’s opin-
ion regarding the desirability of living up 100 years as a 
proxy measure for zest for life [5]. As our participants 

were younger than the nonagenarians in their study, we 
decided on three different measures for leading a full life, 
one of them also considered as a proxy measure for zest 
for life.

Leading a full life was evaluated by three components: 
satisfaction with life (gratification), hopefulness for the 
future (zest for life) and feeling useful (meaning). Satis-
faction with life was assessed at the baseline examination 
by the question “How satisfied are you with your life?” 
with the answer options of “very satisfied”, “satisfied”, 
“somewhat satisfied”, “unsatisfied” and “very unsatisfied”, 
and was considered good if answered “very satisfied”, 
“satisfied” or “somewhat satisfied” and poor if answered 
“unsatisfied” or “very unsatisfied”. Hopefulness for the 
future was assessed by the question “I look hopefully into 
the future” with the answer options of “mostly or always”, 
“often”, “sometimes” or “seldom or never” and considered 
good if answered “mostly or always” or “often”, and poor if 
answered “sometimes” or “seldom or never”. Feeling use-
ful was assessed by the question “I believe I am useful and 
needed” with the answer options of “mostly or always”, 
“often”, “sometimes” or “seldom or never”, and considered 
good if answered “mostly or always” or “often”, and poor 
if answered “sometimes” or “seldom or never”. Leading 
a full life was defined as being satisfied with life, having 
hope for the future and feeling useful.

Two alternatives for PsC were constructed:

PsC1: Absence of depression or depressive feelings, 
good SRH and leading a full life.
PsC2: Absence of depression or depressive feelings 
and good SRH.

Social component (SC)
Three aspects of social relationships were included: satis-
faction with the relationship with a partner, with children 
and with friends.

In the original study, the SC was constructed as a 
proxy measure from the frequency of meetings with chil-
dren and the frequency of telephone contacts with fam-
ily members or friends [5]. However, in our study, we 
had available the direct information on the participants’ 
satisfaction with the relationships with their partners, 
children and friends and therefore used those in the con-
struction of the SC.

Satisfaction with the relationship with one’s partner 
was assessed by the question “How satisfied are you or 
were you with the closeness and confidentiality of the 
relationship with your partner?” with the answer options 
of “very satisfied”, “satisfied”, “somewhat satisfied”, “some-
what unsatisfied”, “very unsatisfied” and “I have not had a 
partner”. Participants were considered satisfied with their 
relationship with their partner if they answered “very 
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satisfied”, “satisfied”, “somewhat satisfied” or “I have not 
had a partner”, and unsatisfied if they answered “some-
what unsatisfied” or “very unsatisfied”.

Satisfaction with the relationship with one’s children 
was assessed by the question “How satisfied are you with 
the closeness and confidentiality of the relationship with 
your children?” with the answer options of “very satis-
fied”, “satisfied”, “somewhat satisfied”, “somewhat unsat-
isfied”, “very unsatisfied” and “I do not have children”. 
Participants were considered satisfied with their relation-
ship with their children if they answered “very satisfied”, 
“satisfied”, “somewhat satisfied” or “I do not have chil-
dren”, and unsatisfied if they answered “somewhat unsat-
isfied” or “very unsatisfied”.

Satisfaction with the relationship with one’s friends 
was assessed by the question “How satisfied are you with 
the closeness and confidentiality of the relationship with 
your friends?” with the answer options of “very satisfied”, 
“satisfied”, “somewhat satisfied”, “somewhat unsatisfied”, 
“very unsatisfied” and “I do not have any friends”. Par-
ticipants were considered satisfied with their relation-
ship with their friends if they answered “very satisfied”, 
“satisfied” or “somewhat satisfied”, and unsatisfied if they 
answered “somewhat unsatisfied”, “very unsatisfied” or “I 
do not have any friends”.

SC: Satisfaction in all three aspects of social rela-
tionships.

The four alternative models for SA and their compo-
nents are presented in Table 1. All of the models include 
the same SC. SA model 1 included PhC1, PsC1 and SC, 
SA model 2 included PhC1, PsC2 and SC, SA model 3 

included PhC2, PsC2 and SC, and SA model 4 included 
PhC2, PsC1 and SC.

Outcome
The outcome of the study was successful ageing defined 
as the ability to live at home without daily informal or 
formal care at the age of 84 years or older.

Statistical analyses
The SA models were used as independent variables in the 
analyses. First, unadjusted logistic regression analyses 
were conducted for the association of the SA models with 
successful ageing. Second, logistic regression analyses 
were adjusted for age and gender.

Third, logistic regression analyses were conducted for 
the individual subcomponents of the SA models and their 
association with successful ageing. A backward stepwise 
logistic regression analysis (exclusion criteria p ≥ 0.05) 
was performed to identify the individual subcomponents 
which on their own predicted successful ageing. Fourth, 
the new model including the remaining individual sub-
components was adjusted for age and gender.

Missing data on the subcomponents lead to the exclu-
sion of the participant from the analysis involved. When 
analyzing the SA models 1‒4, the number of participants 
excluded for missing data were 67, 79, 91 and 73, respec-
tively. In the backward stepwise logistic regression analy-
sis, 160 participants were excluded during the backward 
stepwise phase when determining the statistically signifi-
cant subcomponents as they had a missing value in one 
or more of the subcomponents. After completion of the 
backward stepwise phase, a new model was constructed 
including the statistically significant subcomponents 
identified in the previous phase, and all the participants 

Table 1  Successful ageing models and their components
Components of successful ageing Successfull Ageing models

Model 1 Model 2 Model 3 Model 4
Physical Component 1 (PhC1) ● ●
  Absence of disease
  Independence in all activities
Physical Component 2 (PhC2) ● ●
  Absence of dementia
  Less than three diseases
  Independence in three less demanding activities
Psychological Component 1 (PsC1) ● ●
  No depression or depressive feelings
  Self-rated health good
  Leading a full life
Psychological Component 2 (PsC2) ● ●
  No depression or depressive feelings
  Self-rated health good
Social Component (SC) ● ● ● ●
  Safisfied with social relationships
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who had a value on the statistically significant subcom-
ponents were included in the analyses of the new model. 
In these analyses, 75 participants were excluded for miss-
ing values.

Area under the receiver operating characteristic curve 
(AUC) was used to measure the ability of the SA mod-
els and the new model including the remaining individual 
subcomponents to predict successful ageing. In general, 
an AUC of 0.5 suggests no discrimination, 0.7 to 0.8 is 
considered acceptable, 0.8 to 0.9 is considered excellent, 
and more than 0.9 is considered outstanding.

The results are presented with odds ratios (OR) and 
their 95% confidence intervals (CI). P values less than 
0.05 were considered statistically significant. All statisti-
cal analyses were performed using SAS System for Win-
dows, version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
The number of participants who met the criteria of the 
SA models at baseline were 313, 418, 706 and 494 for 
models 1‒4, respectively. The number and proportion of 
participants who met the criteria for the physical, psy-
chological and social components and the subcompo-
nents at baseline are shown in Additional file 2.

The unadjusted and adjusted ORs and their 95% CIs for 
the association of the SA models with successful ageing 
(living at home at the age of 84 years or over without daily 
informal or formal care) are shown in Table  2. Meeting 
the criteria of any model was associated with success-
ful ageing in the unadjusted, and adjusted analyses after 
the 20-year follow-up period. The OR for the Model 2 in 
the adjusted analyses was 1.97 with a p value of < 0.001 
describing that participants meeting the criteria of Model 

2 at baseline, were more likely to be successful agers after 
the 20-year follow-up period. The AUCs were higher 
when the models were adjusted with age and gender, 
when all of the models had an excellent AUC of over 0.8.

After the backward stepwise logistic regression analy-
sis, three individual subcomponents of four SA models 
remained statistically significant and were included in 
the new model: physical subcomponent 1 (phc1: having 
no heart disease), psychological subcomponent 4 (psc4: 
having good SRH) and psychological subcomponent 7 
(psc7: feeling useful). The unadjusted and adjusted ORs 
and their 95% CIs for the association of these remain-
ing subcomponents with successful ageing are shown 
in Table  3. Participants having no heart disease (phc1) 
or having good SRH (psc4) at baseline were more likely 
to be successful agers after the 20-year follow-up even 
after the adjustments for age and gender. When these 
three subcomponents were included in a new model, 
the AUC for the ability to predict successful ageing was 
0.673 and 0.823 in the unadjusted and adjusted analyses, 
respectively.

Re-examined successful agers
The number and proportion of the re-examined success-
ful agers that met the criteria of the SA models at base-
line and at re-examination are shown in Table  4. The 
number and proportion of the participants meeting the 
criteria of the models was lower at re-examination than 
at baseline. Still at re-examination, almost two-thirds of 
the re-examined successful agers, aged 84 to 96 years, 
were considered indeed as such by the SA model 3 which 
included the less demanding physical and psychological 

Table 2  The association of the SA models with successful ageing after the 20-year follow-up period
Unadjusted Adjusteda

OR
(95% CI)

P value AUC OR
(95% CI)

P value AUC

Model 1
(PhC1 + PsC1 + SC)

3.01
(2.10‒4.32)

< 0.001 0.619 1.89
(1.29‒2.79)

0.001 0.818

Model 2
(PhC1 + PsC2 + SC)

3.00
(2.09‒4.30)

< 0.001 0.632 1.97
(1.34‒2.90)

< 0.001 0.819

Model 3
(PhC2 + PsC2 + SC)

2.80
(1.84‒4.25)

< 0.001 0.611 1.75
(1.12‒2.74)

0.014 0.813

Model 4
(PhC2 + PsC1 + SC)

2.93
(2.03‒4.21)

< 0.001 0.631 1.86
(1.27‒2.75)

0.002 0.819

OR = Odds Ratio

CI = Confidence Interval

AUC = Area Under the Curve

PhC1 = Physical Component 1: Absence of all the diseases and independence in all five activities

PhC2 = Physical Component 2: Absence of dementia, less than three diseases, independent in three less demanding activities (move indoors, get in and out of bed, 
dress and undress)

PsC1 = Psychological Component 1: Absence of depression or depressive feelings, good self-rated health and leading a full life

PsC2 = Psychological Component 2: Absence of depression or depressive feelings and good self-rated health

SC = Social Component: Satisfaction in all three components of social relationships
aAdjusted for age and gender
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components. Also, 18, 27 and 38% of them met the crite-
ria for models 1, 2 and 4, respectively.

Discussion
According to the results of our study, meeting the criteria 
of any of the four SA models was associated with a higher 
probability of ageing successfully during the 20-year 
follow-up period both in the unadjusted, and adjusted 
analyses. The AUCs for the adjusted SA models were 
excellent.

However, after the backward stepwise logistic regres-
sion analysis, the three subcomponents found statisti-
cally significant in the unadjusted analyses were the 
absence of heart disease, having good SRH and feeling 
useful. Absence of heart disease and having good SRH 
were statistically significant also in the adjusted analyses. 
The AUC for the new model using these three subcom-
ponents was as good as the AUCs of the SA models. In 
clinical practice, asking older people about their SRH 
and feeling of usefulness, and investigating whether they 
have heart disease could be of use in predicting ageing 
successfully, and also identifying those who have a lower 
probability of successful ageing in order to focus inter-
ventions on them.

The SA-models were constructed in line with the defi-
nition of Rowe and Kahn [2] and similarly to an earlier 
study on Finnish nonagenarians [5] including physical, 
psychological and social components. Model 1 is the 
most demanding model in regards to physical and psy-
chological functioning while Model 3 can be considered 
as the least demanding model.

According to our results, successful ageing was pos-
sible also for persons with disease and disability, as it was 
not only the more strict SA Model 1 that was associated 

Table 3  The association of the remaining individual variables with successful ageing after the 20-year follow-up period
Unadjusted Adjusteda

OR
(95% CI)

P value AUCb OR
(95% CI)

P value AUCb

Physical subcomponent 1: 0.673 0.823
  Having no heart disease (ICD-10 I20‒25, I48‒49) 2.37

(1.48‒3.79)
< 0.001 1.85

(1.13‒3.03)
0.015

Psychological subcomponent 4:
  Having good SRH 4.14

(1.66‒10.36)
0.002 2.73

(1.06‒7.03)
0.037

Psychological subcomponent 7:
  Feeling useful 2.65

(1.63‒4.31)
< 0.001 1.64

(0.98‒2.75)
0.062

OR = Odds Ratio

CI = Confidence Interval

AUC = Area Under the Curve

ICD-10 = 10th revision of the International Statistical Classification of Diseases and Related Health Problems

SRH = Self-Rated Health
aAdjusted for age and gender
bAUC for the model including the three subcomponents

Table 4  The number and proportion of the re-examined 
successful agers that met the criteria of the Successful Ageing 
models at baseline and at re-examination
n = 112 Baselinea Re-examination
Age, years mean (SD)

[range]
67.8 (2.5)
[64‒77]

87.6 (2.5)
[84‒96]

n (%)
Yes No Yes No

Model 1
(PhC1 + PsC1 + SC)

50
(47)

56
(53)

20
(18)

92
(82)

Model 2
(PhC1 + PsC2 + SC)

62
(59)

43
(41)

30
(27)

82
(73)

Model 3
(PhC2 + PsC2 + SC)

81
(77)

24
(23)

73
(65)

39
(35)

Model 4
(PhC2 + PsC1 + SC)

66
(62)

40
(38)

43
(38)

69
(62)

PhC1 = Physical Component 1: Absence of all the diseases and independence 
in all five activities

PhC2 = Physical Component 2: Absence of dementia, less than three diseases, 
independent in three less demanding activities (move indoors, get in and out 
of bed, dress and undress)

PsC1 = Psychological Component 1: Absence of depression or depressive 
feelings, good self-rated health and leading a full life

PsC2 = Psychological Component 2: Absence of depression or depressive 
feelings and good self-rated health

SC = Social Component: Satisfaction in all three components of social 
relationships

SD = Standard Deviation
aAt baseline, all the subcomponents of the SA models were not available for all 
the participants so the number of participants categorized by the SA models 1, 
2, 3 and 4 was 106, 105, 105 and 106, respectively
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with a higher probability of successful ageing, but in fact, 
meeting the criteria of any of the models was associ-
ated with ageing successfully in the unadjusted, and the 
adjusted analyses. Our findings are in line with previous 
research stating that successful ageing is possible even 
with disease and disability [3], and seems to be a dynamic 
process of adapting to the accumulation of age, disease 
and functional decline [15].

The components and subcomponents used in our study 
mirror the study by Nosraty et al. (2019) [5]. Changes to 
the subcomponents were made only when a better sub-
stitute or no direct substitute was available. No major 
differences in the methods enables comparability to their 
work.

SRH is an individual’s own perception of their health 
and is influenced by their psychological characteristics, 
but even so, a predictor of survival [16], and institution-
alization [17]. A study on an older Dutch population 
showed that while every new diagnosis gained was asso-
ciated with poorer SRH, there seemed to be adaption to 
life with disease as the effect of a new diagnosis on SRH 
was dampened when the disease count increased [7]. This 
suggests that subjective SA can occur even in connection 
with multimorbidity [7], and thus supports the choice to 
include the SRH in the psychological component as it can 
also mirror the participants’ outlook on life and attitude 
towards hardship. In this study, the subcomponent of 
having a good SRH was associated with a higher proba-
bility, comparable to the multidimensional SA models, of 
successful ageing even after a 20-year follow-up period.

Life satisfaction and life meaning have earlier been 
shown to positively correlate with self-reported SA [18]. 
Gruenewald et al. (2007) found that older adults who 
more rarely reported feeling useful were more likely to 
experience disability and die during a 7-year follow-up 
period [19]. Also, Okamoto et al. (2007) reported that 
feeling useful was a better predictor of 6-year survival 
in older Japanese men than self-rated health (SRH) [20]. 
These earlier findings support our choice for the variables 
considered in the psychological component. In our study, 
feeling useful was associated with a higher probability of 
ageing successfully in the unadjusted analysis.

Our choice of diseases considered in this study were in 
line with the study by Nosraty et al. (2019) [5]. However, 
instead of self-report data used in the earlier study [5], 
we used the data gathered during the baseline examina-
tion, which included a review of the participants’ medi-
cal records and a physical examination, to determine 
whether the participants had any of the diseases con-
sidered in this study. This can be considered a strength 
to our study as self-report data can be inaccurate espe-
cially among older-aged women [21]. Also, when inves-
tigating the number and proportion of the re-examined 
successful agers meeting the criteria of the SA models at 

re-examination, great effort was made to include all the 
diagnoses acquired during the 20-year follow-up [10].

Having no heart disease at baseline was associated with 
a higher probability of successful ageing. This is prob-
ably due to the fact that the leading cause of death for 
people aged over 65 in Finland from 1997 to 2018 was 
cardiovascular diseases [22] and in this study, the origi-
nal participants deceased before the re-examination were 
considered unsuccessful agers.

The three subcomponents (absence of heart disease, 
having good SRH and feeling useful) were probably found 
significant in this study because of the high cardiovascu-
lar mortality among Finnish older people [22], and the 
chosen definition of successful ageing. The ones able to 
live at home without need for daily care at the age of 84 
years or older after the 20-year follow-up period are the 
ones who had not developed crucial disabilities at base-
line or had the ability to cope with them.

The lay perspective of SA often includes social 
resources [23], and they are also often included in ear-
lier [2], and also more contemporary multidimensional 
scientific SA-models [24]. A broader biomedical model 
including social aspects performed better at predicting 
quality of life in older adults than the mere biomedi-
cal model [25]. Having social support at time of adverse 
health events has been found to decrease the risk of insti-
tutionalization [9]. These earlier findings accentuate the 
need for social components to be included in SA mod-
els and support our inclusion of the SC in all the models. 
However, in our study, none of the subcomponents of the 
SC remained significant in the backward stepwise logistic 
regression analysis. An earlier study by Koutsogeorgou et 
al. (2015) investigating social capital and SRH in Finland, 
Poland and Spain found Finland to be a country of high 
social capita and the association between social capita 
and health was not significant in Finland as compared to 
Poland and Spain [26]. They argued that the relevance of 
social capital for health could be weaker in comprehen-
sive welfare states, whereas social capital plays a more 
important role for SRH in countries with less compre-
hensive welfare states [26]. Whether including the SC 
in the SA models was an improvement on the quality of 
the measure cannot be said by this design. It could be 
of future interest to investigate whether the association 
of meeting the criteria of the SA models with successful 
ageing changes if the SC is omitted.

The strength of our study is the long follow-up period 
and meticulous review of the electronic patient record 
system for the dates on institutionalization and mortality 
and the presence of informal or formal care at time of the 
re-examination (exclusion criteria for successful agers). 
The finding that successful ageing could be predicted 
even 20 years beforehand gives ample opportunities for 
identifying also the older adults who currently are not on 
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the trajectory for successful ageing and thus should be 
the targets for our interventions to improve their odds.

The weakness of our study are the elaborate and at least 
in the busy clinical setting unfeasible SA models that 
require a lot of information. That is why we also did the 
backward stepwise analysis to determine which of the 
subcomponents of the SA models were indeed signifi-
cant, similarly as in our previous work when forming an 
easy-to-use index for predicting institutionalization and 
mortality among older people [27]. The backward step-
wise analysis can be considered a strength to this study as 
it increases the feasibility of using our findings in a busy 
clinical setting. As we have suggested earlier [17, 28], 
including the older person’s subjective measure of health 
could be of use when formulating a personal care and 
rehabilitation plan for them.

Also a weakness to our study is the absence of some 
of the data on those successful agers that only gave their 
answers by mail. Because of that missing data, the num-
ber of participants that met the criteria of the SA mod-
els and their components at time of the re-examination 
is possible to report only for those successful agers that 
took part in the re-examination. When examining the 
number of participants that met the criteria of the SA 
models among the re-examined successful agers at re-
examination, it is note-worthy that still 65% of them ful-
filled the demands of the least demanding SA model 3 at 
the age of 84 years or older. They had no dementia, less 
than three diseases and were independent in three less 
demanding activities (PhC2). Also, 18, 27, and 38% of 
them met the criteria for models 1, 2, and 4, respectively. 
When investigating nonagenarians, Nosraty et al. (2019) 
found that 3.2, 9.2., 44.5, and 15.1% of the nonagenarians 
met the SA model criteria for models 1‒4, respectively 
[5]. In our study, the proportions were higher according 
to all of the models. It would be of interest to investigate 
whether these individuals continued to age successfully 
after the re-examination.

Conclusions
Successful ageing models were associated with a higher 
probability of ageing successfully after a 20-year follow-
up period. Using the backward stepwise analysis, we were 
able to identify the three most important subcomponents 
of the SA models: absence of heart disease, good SRH and 
feeling useful, and found the new model including these 
as good as in predicting successful ageing as the more 
elaborate SA models. Including these factors to the com-
prehensive geriatric assessment could help identify the 
possible successful agers, the ones who have the capac-
ity to thrive and thus should be treated vigorously and 
not excluded from any treatments simply because of age. 
Also, identifying the older adults not on the trajectory to 

successful ageing could help us target interventions to 
improve their odds of ageing successfully.
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