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Abstract
Introduction: The current study aimed to find reciprocal ef-
fects between subjective age and functional independence 
during rehabilitation from osteoporotic fractures and stroke 
and whether these effects can be mediated by indicators of 
well-being. Methods: Participants were 194 older adults 
(mean age = 78.32 years, SD = 7.37; 64.8% women) who were 
hospitalized following an osteoporotic fracture or stroke. 
Participants completed measures of subjective age and well-
being (i.e., optimism, self-esteem, and life satisfaction) sev-
eral times during rehabilitation. Functional Independence 
Measure (FIM) was completed by nursing personnel at ad-
mission and at discharge. Results: Younger subjective age at 
admission predicted higher FIM scores at discharge. The re-
verse effect, that is, of FIM scores at admission on subjective 

age at discharge, was nonsignificant. Optimism during hos-
pitalization mediated the effect of subjective age on subse-
quent FIM scores while self-esteem and life satisfaction did 
not. Sensitivity analyses further showed that the effect of 
subjective age on FIM was significant for both fracture and 
stroke patients. Discussion: The findings highlight the effect 
of subjective age on rehabilitation outcomes among osteo-
porotic fractures and stroke patients and suggest several po-
tential mechanisms behind this effect. Rehabilitation out-
comes following osteoporotic fractures or strokes could im-
prove if subjective age and an optimistic outlook are taken 
into consideration. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Findings from an abundance of studies have indicated 
that subjective age – the age individuals feel [1] – is a 
stronger predictor of physical and psychological health 
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outcomes in the second half of life compared to chrono-
logical age [2, 3]. According to those studies, a younger 
subjective age which is associated with a positive attitude 
toward one’s aging [4] implies higher well-being and low-
er mental distress [5, 6], better physical health, and de-
creased mortality risk [7, 8].

Most of those studies assessed community-dwelling 
samples and only few examined the predictive utility of 
subjective age on health outcomes in clinical samples. 
The objective of our study was therefore to fill that gap by 
assessing bidirectional effects of subjective age and func-
tional status during rehabilitation following osteoporotic 
fracture and stroke.

Older adults tend to reflect upon their aging and inter-
pret it, and apparently, these reflections stem from chang-
es in their biological, social, and psychological function-
ing [9]. The result of this process are older adults’ subjec-
tive views of aging, which include individuals’ perceptions, 
attitudes, or expectations of their own age and aging pro-
cess, as well as of old age and older adults in general [9]. 
Therefore, the concept of subjective views of aging is an 
overarching term incorporating different constructs, in-
cluding among others, ageist attitudes and subjective age.

In our research, we employed Westerhof and Wurm’s 
model [10] which provides theoretical arguments to as-
sume an association between subjective age and health 
and according to which favorable subjective views of ag-
ing contribute to the development and enhancement of 
psychological resources such as self-efficacy and well-be-
ing. This results in higher motivation to preserve healthy 
behaviors, which contribute to health and longevity.

In addition to Westerhof and Wurm’s model [10], 
Levy’s stereotype embodiment theory [11] further delin-
eates the pathways connecting age stereotypes to health 
of older adults. Levy’s theory proposes that age stereo-
types develop early in life. Later on, age stereotypes are 
directed against the self. These stereotypes when embod-
ied might affect older adults’ physical and mental health 
through three main mechanisms. The physiological 
mechanisms include automatic nervous system arousal 
due to stressful negative stereotypes. Psychological mech-
anisms and behavioral mechanisms include self-efficacy, 
motivation, and the adoption of healthy behaviors.

Westerhof and Wurm’s model [10] further provides 
theoretical arguments to assume bidirectional effects of 
subjective age and health as it includes a feedback loop 
through which the decline in health status may negative-
ly affect subjective views of aging. However, the potential 
reciprocal effects of subjective views of aging and health 
were rarely explored [12]. In the context of subjective age, 

one study showed that a young subjective age predicted 
lower levels of frailty; however, the reverse effect was non-
significant [13]. As aforementioned, this study set to 
study the reciprocal effects between subjective age and 
functional status during rehabilitation. In addition, the 
study aimed to highlight potential mechanisms underly-
ing these effects. Following Westerhof and Wurm’s mod-
el [10], we focused on several well-being indicators.

The current study examined three well-being indica-
tors as possible mediators for the effects of subjective age 
on rehabilitation and vice versa: optimism, self-esteem, 
and life satisfaction. Optimism refers to individuals’ ten-
dency to expect positive outcomes [14]. Self-esteem is a 
personal judgment of the worthiness that is expressed by 
the attitudes individuals hold toward themselves [15]. Al-
though some models do not consider self-esteem to be a 
component of well-being, eudemonic theories of well-be-
ing do consider components of self-esteem, such as self-
acceptance, within the concept of well-being [16]. Other 
theorists further refer to the fact that self-esteem shares a 
significant amount of variance with well-being indices 
and therefore conclude that self-esteem is essential to 
well-being [17]. A younger subjective age is related to 
higher optimism and higher self-esteem [18], and the lat-
ter two are well-known predictors of health outcomes [19, 
20]. Life satisfaction, the degree to which individuals pos-
itively evaluate the overall quality of their life as a whole, 
reflects the hedonic dimension of well-being. A younger 
subjective age is related to higher life satisfaction [21], 
and life satisfaction is a well-known predictor of health 
outcomes including longevity [22].

As noted above, our study focused on a clinical sample 
of older adults rehabilitating after osteoporotic fracture 
or stroke. Fractures and stroke are frequent health events 
that affect functioning [23, 24] and frequently result in 
the loss of one’s functional independence, which is con-
sidered as the greatest fear of older adults [25, 26]. The 
main health outcome in this study refers to functional 
independence or the ability to perform daily living tasks 
safely and without help [27]. It is mostly assessed by the 
Functional Independence Measure (FIM) test [28, 29].

Based on the above, we hypothesized a reciprocal ef-
fect between subjective age and FIM scores during reha-
bilitation from osteoporotic fractures and stroke, namely 
(a) that a younger subjective age at admission to reha-
bilitation would predict higher FIM scores at discharge 
and (b) that higher FIM scores at admission would pre-
dict a younger subjective age at discharge. We also hy-
pothesized that these reciprocal effects would be medi-
ated by the three above mentioned well-being indices.
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Materials and Methods

Participants and Procedure
This study employed a convenience sample of older adults in 

three rehabilitation facilities across Israel, who were rehabilitating 
after hip fractures or strokes, between October 2016 and Septem-
ber 2019. The patients were admitted to the rehabilitation facility 
directly from the acute care hospital, after undergoing hip fracture 
surgery or a stabilizing treatment for stroke. A week after their 
admittance to the rehabilitation facility, the social worker or the 
chief nurse of the ward examined the patients’ medical records 
and selected the patients according to the inclusion criteria of the 
study. The selected patients were approached and asked whether 
they would be willing to participate in the research after the staff 
explained what the research was about and what their participa-
tion would entail. Those who agreed were introduced to the re-
search assistants. All participants (n = 283) provided a written 
informed consent and were interviewed face to face by research 
assistants.

Of the 283 participants, five dropped out due to cognitive dif-
ficulties, and 13 refused to complete the opening questionnaire. Of 
the remaining 265 participants, 7 dropped out because they were 
hospitalized, 52 participants were discharged at an early stage and 
did not complete the questionnaires, and 12 had second thoughts 
and refused to complete the questionnaires (Fig. 1).

All in all, 194 participants completed the questionnaires during 
rehabilitation. An institutional review board approval was ob-
tained in all rehabilitation facilities. Inclusion criteria included be-
ing 65 years old or above, having a Hebrew proficiency, and scor-
ing >24 on the Mini-Mental Test [30].

We ran attrition analyses that compared patients who did not 
complete all measures (n = 89) to those who did (n = 194). The 
findings indicated no significant differences in most background 
characteristics, subjective age at admission, and FIM at admission 
and at discharge. There were however significant group differenc-
es in two variables. Relative to those who did not complete all mea-
sures, those who completed all measures had a higher education 
level (χ2(5) = 13.23, p = 0.02) and were hospitalized for longer pe-
riods (log-rank χ2(1) = 7.05, p = 0.008).

The final sample (N = 194) had a mean age of 78.32 years (SD 
= 7.37), 64.8% were women, 32.2% were men, 32.1% had an aca-
demic degree, and 72.6% and 22.6% were admitted for fractures 
and stroke, respectively. Average number of self-reported medical 
conditions was 2.14 (SD = 1.23). The median hospitalization 
length was 29 days.

When comparing patients with stroke to those with fracture, 
we found few differences in background characteristics or in the 
main study variables. Relative to patients with stroke, patients with 
fracture were older, had a higher proportion of women, and had a 
shorter hospitalization period. The two groups did not differ in all 
other variables (see online suppl. file; for all online suppl. material, 
see www.karger.com/doi/10.1159/000524885). Although stroke 
and hip fractures are distinct health phenomena with probable dif-
ferences in risk factors, pathophysiology, and consequent afflic-
tions [31], patients with either condition need to cope with severe 
functional decline. Therefore, we chose to combine both sub-
groups in the main analyses while controlling for the main reason 
of rehabilitation (stroke vs. fracture). In addition, we performed 
sensitivity analyses in which we examined patients with stroke and 
fracture separately.

Fig. 1. Flowchart summarizing the various 
reasons for attrition.
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Measures
FIM was completed by the nursing personnel who rated the 

patients’ functioning level at admission and at discharge using the 
FIM test [27, 28]. FIM is an 18-item measurement tool by which 
nurses evaluate the physical, psychological, and social functions of 
patients with functional mobility impairments (e.g., eating, blad-
der management, transfer from bed/chair/wheelchair). Each item 
is rated on a scale ranging from 1 (“total assistance”) to 7 (“com-
plete independence”). The FIM score is computed as the sum of 
items. Therefore, the FIM scores may range from 18 to 126, with 
higher scores indicating a better level of independent functioning.

Subjective age was assessed by a four-item scale referring to how 
old one feels on the following subjective age dimensions: physical 
age, mental age, behavioral age, and look age [32, 33]. The items 
were rated on a scale ranging from 1 to 5 (1 = “feeling much young-
er than my age” to 5 = “feeling much older than my age”). The 
subjective age score was the average of scores with higher scores 
reflecting older subjective age. Previous studies have found the 
scale to be reliable and valid [34]. In the current study, subjective 
age at admission and at discharge showed good internal reliability 
(Cronbach’s alpha = 0.85 and 0.84, respectively).

Well-being was assessed by three indicators referring to opti-
mism, self-esteem, and life satisfaction. Optimism was a single item 
taken from the Scale Optimism-Pessimism-2 [35]. The item was: “I 
am looking to the future with confidence and expect good things to 
happen.” Self-esteem was assessed with the Single-Item Self-Es-
teem Scale [36]. The item was: “I have high self-esteem.” Life satis-
faction was assessed with a single item taken from the Mental 
Health Continuum questionnaire – Short-Form (MHC-SF) [37]. 
The item of the scale was: “I am satisfied with my life.” The items 
were rated several times across rehabilitation (mean times = 2.69, 
SD = 2.81) on a Likert scale (1 = “Not at all” to 6 = “All the time”). 
The three well-being scores (i.e., life satisfaction, self-esteem, and 
optimism) were computed as the mean ratings provided through-
out rehabilitation. A high score signified a higher level in each of 
these three well-being indices. Previous studies have found these 
single items to be reliable and valid [35–38]. Demographic data 
(age, gender, education), medical conditions, and hospitalization 
period (in days) were collected from the patients’ medical files.

Data Analysis
In order to test the study hypotheses, we performed cross-

lagged analyses using AMOS 25.0 which examined the reciprocal 
effects of subjective age and FIM. The analyses simultaneously test-
ed the effect of subjective age at admission on FIM at discharge, as 
well as the effect of FIM at admission on subjective age at discharge. 
The model further tested the auto-regressive effects of subjective 
age and FIM. Each of the three mediating variables of well-being 
was added to the basic cross-lagged model so that the specific con-
tribution of each measure to the reciprocal effect of subjective age 
and FIM was tested. We used the bootstrap technique to determine 
the significance of indirect effects. We controlled for age, gender, 
education level, number of medical conditions, hospitalization pe-
riod, and the main reason for rehabilitation. These variables were 
controlled for as they may affect rehabilitation outcomes [39].

Across variables with missing values, 0.5–3.1% cases were miss-
ing. Little’s missing completely in a random test revealed that the 
data were missing completely at random, χ2(113) = 126.69, p = 
0.17. Missing data were replaced with maximum likelihood when 
running models in AMOS.Ta
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Results

Table  1 presents descriptive statistics for the study 
variables. As can be seen, subjective age at admission was 
not related to FIM at admission. Moreover, a younger 
subjective age at admission was related to higher levels of 
optimism, self-esteem, and life satisfaction during reha-
bilitation and to a younger subjective age and higher FIM 
at discharge. A younger subjective age at discharge was 
related to higher FIM at discharge, as well as to higher 
well-being scores during rehabilitation. The main vari-
ables showed few significant correlations with the back-
ground characteristics (see Table 1 for more details).

The basic model (without covariates and mediators) 
had good fit: χ2/df = 1.76 (χ2 = 3.52, df = 2), CFI = 0.99, 
RMSEA = 0.06, 90% CIs (0.000, 0.17). Younger subjective 
age at admission predicted a higher FIM score at dis-
charge (B = −4.59, β = −0.22, SE = 1.23, p < 0.001), where-
as FIM at admission did not predict subjective age at dis-
charge (B = 0.001, β = 0.03, SE = 0.003, p = 0.71). When 
adding the covariates to the basic model (without media-
tors), the model had good fit: χ2/df = 1.71 (χ2 = 20.52, df 
= 12), CFI = 0.96, RMSEA = 0.06, 90% CIs (0.000, 0.11). 
Again, younger subjective age at admission predicted a 
higher FIM score at discharge (B = −4.59, β = −0.22, SE = 
1.23, p < 0.001), whereas FIM at admission did not predict 
subjective age at discharge (B = 0.001, β = 0.02, SE = 0.003, 
p = 0.71).

We further performed additional analyses in order to 
examine each of the subjective age dimensions separately. 
These analyses showed that three out of four subjective 
age dimensions rated at admission (i.e., physical, mental, 
and behavioral subjective age) predicted FIM at dis-
charge. Look subjective age did not predict FIM at dis-
charge (see more details in the online suppl. file).

The model that included the covariates and mediators 
(Fig. 2) had good fit: χ2/df = 1.37 (χ2 = 41.24, df = 30), CFI 
= 0.98, RMSEA = 0.04, 90% CIs (0.000, 0.08). Table  2 
presents the coefficients from that model. Again, a young-
er subjective age at admission predicted higher FIM at 
discharge. Moreover, a younger subjective age at admis-
sion predicted higher optimism, self-esteem, and life sat-
isfaction during rehabilitation. Higher optimism during 
rehabilitation predicted higher FIM at discharge. Self-es-
teem and life satisfaction during rehabilitation did not 
predict FIM at discharge. Additionally, we tested the pos-
sible mediation effect of optimism using Gaskin and 
Lim’s AMOS plugin [40]. The results revealed that a 
younger subjective age at admission predicted higher op-
timism during rehabilitation, which subsequently pre-

dicted higher FIM scores at discharge (B = −0.93, boot-
strapped 95% CIs [−2.38, −0.06], p = 0.02). However, no 
mediation effect by the three well-being indicators was 
found in the reverse sequential direction, that is, between 
FIM at admission and subjective age at discharge.

In sensitivity analyses, we examined the basic model 
separately for fracture (n = 147) and stroke patients (n = 
43). In both groups, the effect of subjective age at admis-
sion on FIM at discharge was significant (B = −4.33, β = 
−0.22, SE = 1.32, p = 0.001, for fracture patients; B = −7.43, 
β = −0.28, SE = 2.90, p = 0.01, for stroke patients), while 
the reverse effect of FIM at admission on subjective age at 
discharge was nonsignificant. In addition, when testing 
the mediation model in the fracture group, the indirect 
effect of subjective age at admission on FIM at discharge 
through optimism was −0.94, bootstrapped 95% CIs 
(−2.35, −0.01), p = 0.046. Thus, patients with fracture who 
felt younger at admission reported higher optimism dur-
ing rehabilitation, which subsequently predicted higher 
FIM scores at discharge. As the stroke group was much 
smaller in size than the fracture group, it was not possible 
to assess the mediation model solely with patients with 
stroke.

Discussion

In line with our hypotheses, we found that subjective 
age predicted future FIM scores. Participants who were 
admitted to the rehabilitation facility with a younger sub-
jective age were discharged with better functioning as 
seen from their FIM scores. The findings further indi-
cated that FIM, which is based on physical and cognitive 
functioning, did not predict subjective age.

Of the three well-being indicators, only optimism me-
diated the effect of subjective age at admission on the FIM 
score at discharge. In other words, older adults who felt 
younger than their chronological age at admission to the 
rehabilitation facility were more optimistic during reha-
bilitation and subsequently had better functioning at dis-
charge from the rehabilitation facility. However, this 
study did not find evidence for the reverse mediating role 
of optimism: meaning, there was no evidence that higher 
FIM at admission predicted higher optimism during re-
habilitation, which subsequently led to feeling younger at 
discharge.

There is evidence that optimism is a powerful predic-
tor of physical functioning, health, and even mortality 
[19]. There is also evidence that optimistic people are 
known to have positive expectations about the future, 
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they enjoy better mental and physical health, they have 
greater social support, are more resilient, and maintain a 
healthy lifestyle [41, 42]. Being optimistic is pivotal for a 
person undergoing treatment in a rehabilitation facility 
as a result of a fracture or a stroke. At this stage, optimism 

should be the driving force that motivates the hospital-
ized older adult to invest time and effort in the treatment. 
Recent findings [43] have even indicated that optimism 
predicted longevity after the age of 85 years.

Fig. 2. The main model with mediation effects. Coefficients refer to standardized values. FIM, Functional Inde-
pendence Measure. *p < 0.05, **p < 0.01, ***p < 0.001.
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Interestingly, no mediation effects were found for self-
esteem and life satisfaction. Rehabilitating from stroke or 
fracture represents an acute health situation, and it is pos-
sible that older adults coping with such a situation are 
especially focused on their progress in the immediate and 
short-term future (embodied in optimism). Broad-scoped 
evaluations of self-worth or life may become prominent 
in the long-term when one returns to daily life after dis-
charge.

The current findings support Westerhof and Wurm’s 
[10] model, which describes how subjective views of ag-
ing are associated with various psychological resources, 
which in turn are associated with physical health and sur-

vival. Our findings also correspond with Levy’s stereo-
type embodiment theory [11], which explains the process 
by which age stereotypes influence the health of older 
adults. Following Levy’s theory [11], it is possible that 
older adults who internalized age stereotypes were admit-
ted to the rehabilitation with an older subjective age. This 
in turn affected their optimism and motivation to invest 
efforts in the rehabilitation process, resulting in less fa-
vorable rehabilitation outcomes.

Our findings suggest that this could be an example of 
how “mind over matter,” in this case subjective age, is as-
sociated with clinical health outcomes. In this regard, our 
findings add an additional layer to a plethora of previous 

Table 2. Regression weights for model with mediators

Predictor Outcome B β SE p value

Background characteristics and main variables
Age Subjective age admission 0.00 0.05 0.01 0.54
Age FIM admission −0.44 −0.22 0.15 0.004
Gender Subjective age admission 0.09 0.06 0.11 0.44
Gender FIM admission −3.93 −0.12 2.42 0.10
Education Subjective age admission −0.06 −0.14 0.03 0.06
Education FIM admission 0.17 0.02 0.78 0.82
Medical conditions Subjective age admission 0.08 0.15 0.04 0.04
Medical conditions FIM admission −2.21 −0.18 0.92 0.01
Hospitalization period Subjective age admission −0.001 −0.01 0.003 0.86
Hospitalization period FIM admission −0.18 −0.18 0.07 0.01
Main reason for rehabilitation Subjective age admission 0.05 0.03 0.13 0.71
Main reason for rehabilitation FIM admission 3.67 0.10 2.85 0.20

Main variables at admission and mediators
Subjective age admission Optimism −0.52 −0.25 0.16 0.001
FIM admission Optimism 0.003 0.03 0.01 0.65
Subjective age admission Self-esteem −0.53 −0.25 0.16 <0.001
FIM admission Self-esteem 0.001 0.01 0.01 0.85
Subjective age admission Life satisfaction −0.55 −0.23 0.16 <0.001
FIM admission Life satisfaction 0.003 0.03 0.01 0.70

Auto-regressive effects for main variables
Subjective age admission Subjective age discharge 0.37 0.37 0.06 <0.001
FIM admission FIM discharge 0.54 0.58 0.05 <0.001

Cross-lagged effects for main variables
Subjective age admission FIM discharge −3.80 −0.18 1.25 0.003
FIM admission Subjective age discharge 0.002 0.04 0.003 0.55

Mediators and main variables at discharge
Optimism Subjective age discharge −0.19 −0.40 0.04 <0.001
Optimism FIM discharge 1.74 0.17 0.75 0.02
Self-esteem Subjective age discharge 0.06 0.14 0.05 0.22
Self-esteem FIM discharge 0.07 0.01 0.97 0.94
Life satisfaction Subjective age discharge −0.01 −0.02 0.05 0.85
Life satisfaction FIM discharge −0.32 −0.03 1.04 0.76

Bold figures refer to significant effects. FIM, Functional Independence Measure.
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studies [1, 2] and specifically, to the relationship between 
subjective age and physical health [3] which emphasizes 
the importance of subjective age in rehabilitation.

Considering the findings, clinicians may consider ap-
plying subjective age measures when they design reha-
bilitation protocols. Our findings portray younger sub-
jective age as a potential resilience factor that may moti-
vates older individuals who experience the painful 
rehabilitation process after osteoporotic fracture and 
stroke. Since initial evidence suggests that interventions 
can induce a younger subjective age in community-dwell-
ing older adults [44], further research could assist in de-
signing interventions geared to induce a younger subjec-
tive age in patients that might assist them in rehabilitating 
more successfully. Such interventions may include psy-
cho-education aimed at correcting false beliefs of aging 
[44], as well as cognitive techniques that help change neg-
ative automatic thoughts about aging by increasing 
awareness of automatic negative thoughts about aging, 
questioning these thoughts, and replacing them with 
more realistic, neutral, or positive ones [45].

Our study findings should be considered in view of the 
study limitations. The stroke patient group was relatively 
small, attrition was quite large, and well-being variables 
were assessed with single items. Nevertheless, our find-
ings call to examine how various facets of subjective age 
predict rehabilitation outcomes. Indeed, supplementary 
analyses showed that most, but not all, subjective age di-
mensions predicted FIM at discharge. Future studies 
should take a closer look at the different subjective age 
dimensions, as well as other subjective views of aging, 
such as ageist attitudes, and their effect on rehabilitation 
outcomes.

While we could test for alternative causal directions 
with subjective age and FIM, this was not possible with 
the other variables as they were assessed during rehabili-
tation only. Therefore, future studies should test for the 
possible effects of well-being assessed prior to subjective 
age and functional measures. In addition, future studies 
should also account for additional variables that may un-
derlie both subjective age and optimism, such as person-
ality traits. Since rehabilitation involves time and effort 
spent on regaining functional independence, future stud-
ies should include these variables as potential mediators. 
In addition, as most of the participants were released to 
their homes (86.6%), reaching out and measuring the re-
ciprocal effects between subjective age and functional 
outcomes several months after discharge from the reha-
bilitation facility would add further information about 
these reciprocal relationships.

In conclusion, the findings indicate that subjective age 
predicts functional independence mediated by optimism, 
meaning that subjective age at admission predicts opti-
mism during rehabilitation, and optimism predicts high-
er FIM scores at discharge. Although subjective age pre-
dicts FIM at admission, FIM at admission does not pre-
dict subjective at discharge. Our findings might imply 
that subjective views of aging can be compared to a self-
fulfilling prophecy. In this regard, it seems appropriate to 
end with the quote of W.I. Thomas [46]: “If men define 
situations as real, they are real in their consequences” (p. 
193).
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