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Abstract 

Background:  Physical capacity and subjective wellbeing are important for healthy aging. Our aim was to study how 
objective/subjective physical capacity and subjective health relate to life satisfaction, in a 10-year follow-up of aging 
women.

Methods:  The participants (n = 1485, mean age 67.4 years) consisted of community-dwelling older women living in 
Kuopio, Finland. Grip strength and one-legged stance test time were used as objective, and self-rated mobility (SRM) 
as subjective physical capacity measures. Self-rated health (SRH) and SRM were assessed with one-item scales and life 
satisfaction with a 4-item scale. Correlation and linear regression were used to analyze these relationships and correla‑
tion network analysis to visualize them. Age and BMI were included in the analysis as adjusting factors.

Results:  All the study variables were significantly correlated with baseline and follow-up life satisfaction, except BMI, 
which was only associated with life satisfaction at follow-up. On both occasions, SRH and SRM were the two strong‑
est correlates of life satisfaction, but their mutual correlation was still higher. In linear regression analyses, SRH was 
positively associated with both baseline and follow-up life satisfaction, but physical capacity measures became non-
significant after including SRH and SRM in the model. In the partial correlation network analyses, SRH and SRM were 
the most central nodes, connecting every other variable.

Conclusions:  Self-reports on health, mobility, and life satisfaction are closely intertwined and provide easily accessi‑
ble health information among aging women, but the impacts of objective physical capacity measures warrant further 
longitudinal studies in respect to subjective wellbeing among aging people.
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Introduction
According to the World Health Organization (WHO), 
healthy aging is a process of developing and maintaining 
functional ability that enables physical, mental, and social 
wellbeing [1]. Subjective wellbeing (SWB) is the general 

term referring to the various types of subjective evalu-
ations of one’s life, including both cognitive evaluations 
(such as life satisfaction) and affective feelings (such as 
happiness) [2]. It is also one of the main domains of good 
mental health [3]. In the past 20 years, SWB has become 
an area of active research [4, 5]. The knowledge of its 
relationship with physical health has increased, but less 
attention has been paid to its relationship with physical 
capacity and mobility. This also applies to life satisfaction.
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Life dissatisfaction can be a risk factor for several long-
term adverse health outcomes such as mortality, prema-
ture disability, and poor mental health [6–10]. On the 
other hand, life satisfaction can be protective against 
heavy alcohol use in the general population, poor treat-
ment outcomes in psychiatric and surgical patients, and 
bone loss in postmenopausal women [11–14]. Life satis-
faction and its correlates have been widely studied among 
older adults, but studies on how physical capacity or 
mobility measures relate specifically to life satisfaction 
are few, in spite of their public health importance [15].

In the present study, we used two objective (grip 
strength and one-legged stance test (OLST) time) and 
one subjective (self-rated mobility) measures for physical 
capacity. Grip strength is an easily assessable objective 
measure and is an indicator of global muscle strength, 
physical performance, and frailty, as well as a predictor 
of disability and longevity [16–19]. Thus far, a few stud-
ies on its association with life satisfaction have reported 
conflicting results by gender [20, 21]. OLST time is an 
objective measure of static, steady-state, one-legged bal-
ance and a correlate of maximal muscle strength [22]. 
The studies on the relationship between self-rated mobil-
ity and life satisfaction using different scales come from 
small study groups [15, 23–25]. Clarification of these 
relationships warrants further research, in which both 
the objective and subjective measurements of health and 
physical capacity are taken into account.

Self-rated health as general health perception is an 
individual’s synthesis of subjective and objective infor-
mation about one’s health. It provides information that is 
not captured by using only objective measures [26]. Even 
though self-rated health is strongly related to SWB, they 
are not interchangeable. Whether one’s overall health is 
perceived more in terms of physical or mental health can 
be related to different characteristics of the study popula-
tion, such as age [27].

In general, loss of physical capacity can herald a 
decrease in social life and a deterioration of physical and 
mental health in older age, whereas improvements in 
physical capacity could be beneficial to SWB [23]. Due 
to this and their effects on health care and societal costs, 
these relationships in old age are important. The aim 
of the present study was to investigate the relationship 
between physical capacity, subjective health, and life sat-
isfaction in a large sample of aging women.

Materials and methods
Study cohort
This study utilized data from the Osteoporosis Risk Fac-
tor and Prevention (OSTPRE) study, which is a longitu-
dinal study initiated in 1989. The follow-up study flow is 
summarized in Fig. 1. The initial target population of the 

OSTPRE study consisted of all the 14,220 women born 
between 1932 and 41 and living in the province of Kuo-
pio, Finland. At the start of the OSTRPE study in 1989, 
a stratified random sample of 3686 women was selected 
from 11,055 respondents willing to undergo DXA, of 
which 3222 women underwent baseline clinical meas-
urements. The stratified sample consisted of random 
(n = 2025) and non-random subsamples (n = 1197). Only 
the random subsample was included in the current study.

The women were subsequently followed up by means 
of postal health enquiries and physical measurements 
at five-year intervals, which provided data on the main 
study measures: life satisfaction, physical capacity (grip 
strength, single leg balance, and self-rated mobility), 
and others (self-rated health and body mass index) (see 
2.2 – 2.4). The 15th year enquiry, which is the baseline 
for this study, was carried out in 2004.

Fig. 1  Timeline of the study. Note: OSTPRE = Kuopio Osteoporosis 
Risk Factor and Prevention study, OLST = One-legged stance test



Page 3 of 9Qazi et al. BMC Geriatrics          (2021) 21:658 	

Baseline OSTPRE questionnaires were answered by 
1824 women. We excluded 27 women from the analy-
ses due to incomplete data for the life satisfaction score 
(see scoring in 2.2) (N = 1797). Further, due to missing 
data, we excluded (stepwise) a total of 312 women (grip 
strength 233, one-legged stance test (OLST) time 34, self-
rated health and self-rated mobility 38, and BMI 7). The 
final study sample consisted of 1485 women with com-
plete baseline data. Of these, the 10-year questionnaire 
was returned by 1166 women, with 99.4% (1159/1166) 
having answered at least two life satisfaction items (see 
2.2). The final follow-up sample size was 1159, and the 
mean follow-up time was 9.3 years.

Life satisfaction
Life satisfaction was assessed using the four-item life sat-
isfaction scale, which was developed by Erik Allardt in 
1973 [24]. This has been used in various studies on both 
general and patient populations [9, 12, 25]. Its four items 
(each with scores 1-5) comprised the following questions:

Do you feel that your life at present is…? (score)

1.	 very interesting (=1), fairly interesting (=2), fairly 
boring (=4), very boring (=5), cannot say (=3)

2.	 very happy (=1), fairly happy (=2), fairly sad 
(=4), very sad (=5), cannot say (=3)

3.	 very easy (=1), fairly easy (=2), fairly hard (=4), 
very hard (=5), cannot say (=3)

Do you feel that at the present you are…? (score)

4.	 very lonely (=5), fairly lonely (=4), not at all 
lonely (=1), cannot say (=3)

If a response was missing three or four items, the life 
satisfaction score was recorded as missing data. In cases 
where a response was missing only one or two items, 
the missing items were recorded as 3. At the baseline, 
95% (1729/1824) of the women answered all four items, 
whereas 98% (1797/1824) of the women responded to at 
least two items. The corresponding figures for the follow-
up life satisfaction score were 97% (1120/1166) and 99% 
(1159/1166), respectively.

The life satisfaction score (range: 4–20) was calculated 
as the sum of all four items, with higher scores signifying 
lower life satisfaction. In the network analyses, the scale 
was inverted so that positive associations indicate better 
life satisfaction.

Physical capacity
Grip strength was measured using a handgrip dynamom-
eter (JAMAR™ handgrip dynamometer; Sammons Pres-
ton, Bolingbrook, IL). Measurements were made from 

the dominant hand while seated on a bench, with the 
forearm flexed from the elbow at a 90° angle, close to the 
torso. Three attempts were recorded, with 30 s of rest 
between each attempt. The average results were reported 
in kilogram force (kgF). The hand dynamometer is the 
standard approach to measuring grip strength in older 
populations [28].

OLST (i.e., single leg balance) time was recorded by 
asking the subjects to stand on their dominant foot for 
thirty seconds. Hands were placed on the hip and the 
weight-bearing foot was not allowed to move. The test 
was stopped if the subject was able to perform the test 
for 30 s. Two attempts were allowed, and the best attempt 
was recorded. The test has acceptable reliability [29].

Self-rated mobility was also measured on a Likert-type 
scale. Participants were asked “What is your current 
capability for movement?” The response alternatives were 
(score): fully capable of movement (=1), capable of move-
ment but unable to run (=2), I can walk 1 km at the most 
(=3), I can walk 100 m at the most (=4), I can move only 
indoors (=5), I’m incapable of movement (=6), I’m tem-
porarily incapable of movement (=6). They were inverted 
to make the results more comprehensible, meaning that 
higher scores indicate better self-rated mobility.

Other measurements
Self-rated health was also measured on a Likert-type 
scale by asking “What is the best term to describe your 
current health compared to others of the same age?” 
Response alternatives were (score): very good (=1), good 
(=2), moderate (=3), not good (=4), poor (=5). They 
were inverted to make the results more comprehensi-
ble, meaning that higher scores indicate better self-rated 
health.

Weight was measured in light clothing using a digital 
calibrated scale (type HF 351/00; Philips, Andover, MA, 
USA), and height was measured using a calibrated sta-
diometer. Body mass index was calculated as a person’s 
weight in kilograms divided by the square of height in 
meters.

Statistical analyses
All the analyses were carried out in R version 1.2.5042. 
We used correlation and linear regression analysis to 
study the relationships between variables, and partial 
correlation network analysis to visualize them [30–32]. 
Results were adjusted for age and BMI, due to their asso-
ciation with health and life satisfaction [33, 34].

Bivariate correlation analysis was first used to check the 
zero order correlations between all the variables. Then, 
four different models were tested using both regres-
sion and network analysis methods. In linear regression 
analyses, life satisfaction was the dependent variable. In 
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the first model, grip strength and OLST time were sepa-
rately tested as independent variables. The second model 
included both grip strength and OLST time. In the third 
model, age and BMI were also added. The final (fourth) 
model included all the study variables (i.e., grip strength, 
OLST time, age, BMI, self-rated health, and self-rated 
mobility). The relationship of baseline measures to fol-
low-up life satisfaction was also studied using multiple 
linear regression.

The network analysis (packages bootnet, v1.4.3 and 
qgraph, v1.6.5) was carried out in the same manner. In 
the case of a large sample size and low data dimension 
(number of variables), unregularized networks are used 
[35]. The partial correlation network is created by invert-
ing the variance covariance matrix [36]. We tested mul-
tiple available algorithms and found that ggmModSelect 
provided the best sensitivity and specificity combination 
for our dataset and sample size [37]. Centrality indices 
were used to identify the important nodes in the net-
work. In addition, a case-drop bootstrap was performed 
to test the stability of centrality indices at various sample 
sizes. The accuracy of the edge weights was assessed by 
testing the 95% CI around the edges using the non-para-
metric bootstrap method. The selection process and the 
structure of the network analysis are presented as supple-
mentary material to this paper.

Results
Baseline characteristics of the study population are pre-
sented in Table  1. The mean age of the participants in 
our study was 67.4 years. The mean life satisfaction score 
was 8.1 at baseline and 8.5 at follow-up. A great major-
ity of the women (1413/1484 = 95%) reported moderate 
(n = 770), good (n = 535), or very good (n = 108) self-
rated health, and 92% (1362/1485) were either fully capa-
ble of movement (n = 839) or able to walk but unable to 
run (n = 523).

Zero order correlations between the variables are 
shown in Table  2. All the study variables were signifi-
cantly correlated with baseline and follow-up life satisfac-
tion, except BMI, which only correlated at follow-up. On 
both occasions, self-rated health and self-rated mobility 
were the two strongest correlates of life satisfaction, but 
their mutual correlation was still higher.

At baseline, both grip strength (β = − 0.051, p < 0.001) 
and OLST time (β = − 0.037, p < 0.001) had a significant 
linear relationship with life satisfaction, whereas in the 
multiple linear regression analysis, this was true for self-
rated health (β = − 4.376, p < 0.001), age (β = − 0.046, 
p = 0.043), and BMI (β = − 0.035, p = 0.009) (Table 3). In 
the multiple regression analysis with follow-up life satis-
faction as the dependent variable (Table 4), only self-rated 

health (β = − 5.05, p =  0.003) and age (β = − 0.088, 
p = 0.001) had a significant relationship with it.

The partial correlation network analyses demonstrating 
cross-sectional relationships between all the variables are 
shown in Fig. 2. In the first model (A), both grip strength 
(r = 0.11) and OLST time (r = 0.17) were separately cor-
related with life satisfaction. In the second model (B), 
which included both grip strength (r = 0.08) and OLST 
time (r = 0.14) together, both of them correlated with life 
satisfaction, but more strongly with each other (r = 0.24). 
In the third model (C), after adding BMI and age as well, 
OLST time (r = 0.12) and grip strength (r = 0.06) still 
significantly correlated with life satisfaction. After the 
inclusion of self-rated health and self-rated mobility in 
the model (D), the correlation of OLST time and grip 
strength with life satisfaction was lost. In the model (D), 
OLST time correlated positively with self-rated mobil-
ity (r = 0.20) and grip strength (r = 0.19), but weakly 
with self-rated health (r = .03), and negatively with age 
(r = − 0.18) and BMI (r = − 0.25). Grip strength corre-
lated positively with BMI (r = 0.16), self-rated mobility 
(r = 0.08), and self-rated health (r = 0.05), and negatively 
with age (r = − 0.15). Self-rated health had a strong cor-
relation with life satisfaction (r = 0.31), but the strongest 
was with self-rated mobility (r = 0.57). BMI and age had a 
negative correlation with mobility (r = − 0.16 and − 0.05, 
respectively).

Self-rated mobility, self-rated health, and OLST time 
were the most central nodes in the network (Supplemen-
tary Figs. 1 and 2). The results for the centrality indices 
were stable (Supplementary Fig.  3). Even after a drop 

Table 1  Baseline Characteristics of The Study Population 
(n = 1485)

a  Lower scores represent higher life satisfaction (range: 4-20)
b Subjects in each category: 1. poor (n = 2), 2. not good (n = 70), 3. moderate 
(n = 770), 4. good (n = 535), 5. very good (n = 108)
c Subjects in each category: 1. incapable of movement (n = 2), 2. can only move 
indoors (n = 7), 3. can walk 100 m at most (n = 24), 4. can walk 1 km at most 
(n = 90), 5. can move, unable to run (n = 523), 6. fully capable of movement 
(n = 839)

Mean (SD) Range

Continuous variables

  Age (years) 67.4 (2.9) 62.6–72.8

  Body mass index 28.6 (5.1) 16.6–61.7

  Grip strength (kgF) 25 (5.8) 2.5–42

  One-legged stance test (seconds) 18.2 (11.4) 0–30

  Life satisfaction scorea 8.1 (2.61) 4–20

  Follow-up life satisfaction scorea 8.5 (2.67) 4–20

Categorical variables

  Self-rated healthb 1–5

  Self-rated mobilityc 1–6
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of up to 65–75% in sample size, the centrality indices 
retained a correlation of 0.7 with the original results. The 
edge weight accuracy results show 8 edges that were most 
reliable, with narrow bootstrapped confidence intervals 
(Supplementary Fig.  4). The two strongest edges in the 
network (1. self-rated health <− > self-rated mobility, 2. 
life satisfaction <− > self-rated health) were significantly 
stronger than every other edge in the network (Supple-
mentary Fig. 5).

Discussion
Physical tests such as grip strength and OLST time had 
no direct association with life satisfaction but were 
associated with self-rated mobility in older Finnish 

Table 2  Pearson’s correlation coefficients between all variables, where A) includes baseline life satisfaction (n = 1485) and B) includes 
follow-up life satisfaction (n = 1159)

LS Life satisfaction, OLS One-legged stance test, SRH Self-rated health, SRM Self-rated mobility, BL Baseline, FU Follow-up

* p < 0.05, ** p < 0.01, *** p < 0.001

A)

LS(BL) GRIP OLS AGE BMI SRH

Life satisfaction (BL)

  Grip strength 0.12***

  One-legged stance 0.17*** 0.26***

  Age − 0.12*** − 0.23*** − 0.27***

  BMI −0.05 0.03 − 0.33*** 0.02

  Self-rated health 0.39*** 0.17*** 0.28*** −0.11*** −0.22***

  Self-rated mobility 0.31*** 0.20*** 0.37*** −0.18*** −0.28*** 0.5***

B)

LS(FU) GRIP OLS AGE BMI SRH

Life satisfaction (FU)

  Grip strength 0.09**

  One-legged stance 0.17*** 0.23***

  Age −0.15*** −0.22*** −0.27***

  BMI −0.07* 0.02 −0.35*** 0.03

  Self-rated health 0.27*** 0.14*** 0.26*** −0.11*** −0.24***

  Self-rated mobility 0.26*** 0.14*** 0.34*** −0.15*** −0.31*** 0.49***

Table 3  Univariate (Model 1) and Multiple (Models 2, 3, and 4) 
Linear Regression Analyses with Baseline Life Satisfaction Score 
as the Dependent Variable (n = 1485)

β Std. error Adj. r squared p-value

Model 1 (univariate)

  Grip strength −0.051 0.011 0.013 < 0.001

  One-legged stance 
test

−0.037 0.006 0.027 < 0.001

Model 2 0.032

  Grip strength −0.035 0.012 0.004

  One-legged stance 
test

−0.034 0.006 < 0.001

Model 3 0.036

  Grip strength −0.029 0.012 0.014

  One-legged stance 
test

−0.030 0.007 < 0.001

  Age 0.065 0.024 0.007

  Body mass index 0.004 0.014 0.783

Model 4 0.183

  Grip strength −0.004 0.011 0.733

  One-legged stance 
test

−0.007 0.006 0.27

  Age 0.046 0.022 0.043

  Body mass index −0.035 0.013 0.009

  Self-rated health −4.376 1.272 < 0.001

  Self-rated mobility −1.081 1.237 0.382

Table 4  Multiple Linear Regression Model with Follow-up Life 
Satisfaction Score (10 Years after Baseline) as the Dependent 
Variable (n = 1159)

β Std. error Adj. r squared p-value

Model 0.091

Grip strength −0.004 0.014 0.728

One-legged stance test −0.0133 0.007 0.085

Age 0.088 0.027 0.001

Body mass index −0.017 0.016 0.294

Self-rated health −5.05 1.702 0.003

Self-rated mobility −0.242 0.868 0.780
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women when subjective health was also in the model. 
As expected, the strongest correlate of present and 
long-term life satisfaction was self-rated health. Thus, 
women who have lower subjective health are more 
likely to be more dissatisfied in current and later life.

To our knowledge, there are few studies investigat-
ing the association between physical capacity and life 
satisfaction. A positive association in men but not in 
women has been reported between grip strength and 
SWB, measured with the 17-item revised “Philadelphia 
Geriatric Center (PGC) Morale Scale” [20]. In another 
previous study, grip strength was positively associated 
with life satisfaction, but self-rated health and other 
covariates highly correlated with life satisfaction were 
not included the model [33]. We could not find any 
previous studies on association of balance capacity 
tests with life satisfaction, but a strength and balance 

training program has demonstrated an improvement in 
life satisfaction [38].

In our study, both in regression and network univariate 
analyses, the inclusion of two subjective measures (health 
and mobility) in the model removed the significant asso-
ciation between grip strength and life satisfaction, as 
well as between OLST time and life satisfaction. This is 
understandable, since life satisfaction is also a subjective 
measure, and correlates strongly with other subjective 
measures of health and wellbeing. However, it does not 
rule out the indirect effects of physical capacity on life 
satisfaction. It has been suggested that the effect of frailty 
(which has grip strength and walking speed as its compo-
nents) on life satisfaction is mediated through changes in 
self-rated health [39].

Previous studies have investigated health and self-rated 
health in respect of life satisfaction. One study found 

Fig. 2  Partial correlation network analyses demonstrating relationships between grip strength, one-legged stance test, BMI, age, self-rated health, 
self-rated mobility, and life satisfaction. The partial correlation network consists of nodes representing the variables and the edges connecting them, 
which represent the partial correlation coefficient between the two nodes. Edges with positive correlation coefficient are colored blue, whereas 
edges with negative correlation coefficient are colored red. The thickness and color of the edges indicate the strength of the correlation coefficient 
between the two nodes



Page 7 of 9Qazi et al. BMC Geriatrics          (2021) 21:658 	

that self-rated health explained around 14% of vari-
ance in the LSI-Z (i.e., a 13-item life satisfaction index) 
among frail older adults [40]. A meta-analysis of health 
and SWB concluded that health (subjective and objec-
tive) explained 4-16% of the variance in SWB in the gen-
eral population [41]. In our results, too, higher self-rated 
health, meaning higher life satisfaction currently and in 
the 10-year follow-up, is as expected.

There was no independent association between self-
rated mobility and life satisfaction in multiple regres-
sion analysis. In the network analyses, it was present 
but weak. The reason for the lack of association could 
be the homogeneous mobility status in our cohort, with 
92% of the women capable of normal movement and 
98% being able to walk up to 1 km. Mobility could have 
a stronger effect on life satisfaction at ages when mobil-
ity limitations start to occur, but this warrants future lon-
gitudinal studies [42]. Previously, self-rated mobility has 
demonstrated association with life satisfaction, when not 
adjusted for self-rated health [41, 43].

In general, the results from both the regression and 
network analyses were congruent. The strongest relation-
ships were similar, but some differences can be expected 
with different techniques. Whether or not a relationship 
is drawn between two nodes depends on the thresh-
olds set by the network analysis method, which can be 
adjusted to have either conservative or relaxed estimates. 
However, the network analysis provides a visual demon-
stration of how the variables interact, which makes it a 
viable option for clinical research.

Self-rated health, self-rated mobility, and life satisfac-
tion are self-reports and subject to biases such as recall 
bias and common method variance, meaning “variance 
that is attributable to the measurement method rather 
than to the constructs the measures represent” [44, 45]. 
The results for analyses with follow-up life satisfaction 
are less prone to it because the dependent and independ-
ent variables were measured at different points in time. 
Further, there is bias created by the instrument used. A 
variety of instruments for life satisfaction are available, 
and their differences should be noted. Domain-specific 
satisfactions do not measure global life satisfaction. 
Indeed, it is always crucial to understand what has been 
assessed by a scale. However, it has been suggested that 
people may answer in a consistent manner on alterna-
tive items and scales, which may lead to moderate to high 
correlation between different life satisfaction scales [46].

In the present study, we used the 4-item life satis-
faction scale that was developed in 1973. It has a solid 
research base with studies on its stability, cross-sec-
tional associations for relevant psychometric scales, 
and longitudinal analysis of its outcomes with differ-
ent study populations [6–14, 47]. The three items of 

the scale inquired about happiness, interest, and ease 
in life. Only the loneliness scale was asking about feel-
ings of loneliness, not loneliness in life. Since happiness 
and life satisfaction are indicators of subjective well-
being, one could also call the 4-item life satisfaction 
scale a subjective wellbeing measure. However, since 
it has been used in the same form as in the present 
study since the 1970s, we did not change it. In general, 
it is important to acknowledge what is being assessed 
before comparing studies utilizing different SWB or life 
satisfaction instruments.

Both the strengths and limitations of our study and 
its self-reported measures should be acknowledged. The 
results of our study are limited to post-menopausal Finn-
ish women. There are gender and cross-cultural differ-
ences in life satisfaction, and therefore similar studies 
need to be carried out for men and in different settings. 
The focus of our study was to compare objective and sub-
jective measures of health in respect to life satisfaction. 
The 4-item life satisfaction has a very high response rate 
(≥95%) to all items and a linear trend in the response 
alternatives with respect to various health adversities 
[48]. Removing study subjects with missing data and with 
a “cannot say” response from the analysis did not change 
the results (Supplementary Tables 1 and 2). Self-reported 
measures can provide important knowledge on perceived 
health and wellbeing, but also on objective health.

Conclusion
Our results highlight that self-reported measures can 
provide important knowledge not only about perceived 
health and wellbeing, but also about objective health. 
Self-reports can enable early detection and intervention 
in health hazards in old age, when physical capacity and 
mobility are crucial in maintaining independence and 
social contacts. In older Finnish women, the self-reports 
of health, mobility, and life satisfaction were closely 
intertwined. Objective physical capacity, even if associ-
ated with current and long-term life satisfaction, lost this 
association when self-rated health and self-rated mobility 
were introduced in the same model, but it was still asso-
ciated with self-rated mobility. Thus, the impact of objec-
tive physical capacity measures on subjective wellbeing 
and their indirect associations, as well as differences in 
this association across ages, cultures, and genders, war-
rant further longitudinal studies among aging people.
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org/​10.​1186/​s12877-​021-​02605-z.

Additional file 1. 

https://doi.org/10.1186/s12877-021-02605-z
https://doi.org/10.1186/s12877-021-02605-z


Page 8 of 9Qazi et al. BMC Geriatrics          (2021) 21:658 

Acknowledgements
Not applicable.

Disclosures
All authors state that they have no conflict of interests.

Authors’ contributions
JS, TR, MI, and SQ conceived the study idea. HKH, JS, RS, and SQ designed the 
study. Data analysis was performed by RS and SQ. HKH, HK, JS, MI, RS, SQ, and 
TR interpreted the results. The manuscript was drafted by SQ and revised and 
approved by HKH, HK, JS, MI, RS, SQ, and TR.

Funding
This work was supported by the Northern Savo Regional Fund. The OSTPRE/
OSTPRE-FPS studies are supported by the Academy of Finland (M.T.), the Juho 
Vainio Foundation, the Gyllenberg Foundation, and the Päivikki and Sakari 
Sohlberg Foundation. These are non-profit foundations that support academic 
research and had no influence on the objectives, design, or results of the 
study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the university hospital ethics committee of Kuo‑
pio University Hospital in Kuopio, Finland, and was performed in compliance 
with the principles of the Declaration of Helsinki. Written, informed consent 
was obtained from all the participants in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Kuopio Musculoskeletal Research Unit (KMRU), University of Eastern Finland, 
Mediteknia Building, P.O. Box 1627, 70211 Kuopio, Finland. 2 Mental Health 
and Wellbeing Center, Kuopio University Hospital, Kuopio, Finland. 3 Depart‑
ment of Orthopaedics, Traumatology and Hand Surgery, Kuopio University 
Hospital, Kuopio, Finland. 4 Institute of Life Course and Medical Sciences, 
Faculty of Health & Life Sciences, University of Liverpool, Liverpool, UK. 

Received: 28 April 2021   Accepted: 21 October 2021

References
	1.	 World Health Organisation. World report on ageing and health. 2015.
	2.	 Lopez SJ, Snyder CR. The Oxford Handbook of Positive Psychology. 2nd 

ed: Oxford University Press; 2012 [cited 2021 Jan 12]. p. 188.
	3.	 Vaillant GE. Mental Health. 2003;160(8):1373–84. https://​doi.​org/​101176/​

appi.​ajp16​081373.
	4.	 Diener E. Subjective well-being; 2009. p. 11–58.
	5.	 Diener E, Lucas RE, Oishi S. Advances and open questions in the science 

of subjective well-being. Collabra Psychol. 2018;4(1):15.
	6.	 Koivumaa-Honkanen H, Honkanen R, Viinamäki H, Heikkilä K, Kaprio 

J, Koskenvuo M. Self-reported life satisfaction and 20-year mortality in 
healthy Finnish adults. Am J Epidemiol. 2000;152(10):983–91.

	7.	 Koivumaa-Honkanen H, Honkanen R, Viinamäki H, Heikkilä K, Kaprio J, 
Koskenvuo M. Life satisfaction and suicide: A 20-year follow-up study. Am 
J Psychiatry. 2001;158(3):433–9.

	8.	 Koivumaa-Honkanen H, Koskenvuo M, Honkanen RJ, Viinamäki H, Heik‑
kilä K, Kaprio J. Life dissatisfaction and subsequent work disability in an 
11-year follow-up. Psychol Med. 2004;34(2):221–8.

	9.	 Koivumaa-Honkanen H, Tuovinen TK, Honkalampi K, Antikainen R, 
Hintikka J, Haatainen K, et al. Mental health and well-being in a 6-year 
follow-up of patients with depression: assessments of patients and clini‑
cians. Soc Psychiatry Psychiatr Epidemiol. 2008;43(9):688–96.

	10.	 Rissanen T, Viinamäki H, Honkalampi K, Lehto SM, Hintikka J, Saharinen 
T, et al. Long term life dissatisfaction and subsequent major depressive 
disorder and poor mental health. BMC Psychiatry. 2011;11(1):140.

	11.	 Koivumaa-Honkanen H, Kaprio J, Korhonen T, Honkanen RJ, Heikkilä K, 
Koskenvuo M. Self-reported life satisfaction and alcohol use: A 15-year 
follow-up of healthy adult twins. Alcohol Alcohol. 2012;47(2):160–8.

	12.	 Koivumaa-Honkanen H, Kaprio J, Honkanen R, Viinamäki H, Koskenvuo M. 
Life satisfaction and depression in a 15-year follow-up of healthy adults. 
Soc Psychiatry Psychiatr Epidemiol. 2004;39(12):994–9.

	13.	 Rauma PH, Koivumaa-Honkanen H, Williams LJ, Tuppurainen MT, Kröger 
HP, Honkanen RJ. Life satisfaction and bone mineral density among 
postmenopausal women. Psychosom Med. 2014;76(9):709–15.

	14.	 Sinikallio S, Koivumaa-Honkanen H, Aalto T, Airaksinen O, Lehto SM, 
Viinamäki H. Life dissatisfaction in the pre-operative and early recovery 
phase predicts low functional ability and coping among post-operative 
patients with lumbar spinal stenosis: a 2-year prospective study. Disabil 
Rehabil. 2011;33(7):599–604.

	15.	 Pakarinen M, Koivumaa-Honkanen H, Sinikallio S, Lehto SM, Aalto T, Airak‑
sinen O, et al. Life dissatisfaction burden is associated with a poor surgical 
outcome among lumbar spinal stenosis patients: A 5-year follow-up 
study. Int J Rehabil Res. 2014;37(1):80–5.

	16.	 Porto JM, Nakaishi APM, Cangussu-Oliveira LM, Freire Júnior RC, Spilla SB, 
de Abreu DCC. Relationship between grip strength and global muscle 
strength in community-dwelling older people. Arch Gerontol Geriatr. 
2019;82:273–8.

	17.	 Onder G, Penninx BWJH, Ferrucci L, Fried LP, Guralnik JM, Pahor M. Meas‑
ures of physical performance and risk for progressive and catastrophic 
disability: results from the women’s health and aging study. J Gerontol 
Ser A Biol Sci Med Sci. 2005;60(1):74–9.

	18.	 Syddall H, Cooper C, Martin F, Briggs R, Aihie Sayer A, H S, et al. Is grip 
strength a useful single marker of frailty? Age Ageing. 2003;32(6):650–6.

	19.	 Rantanen T, Masaki K, He Q, Ross GW, Willcox BJ, White L. Midlife muscle 
strength and human longevity up to age 100 years: a 44-year prospective 
study among a decedent cohort. Age (Dordr). 2012;34(3):563–70.

	20.	 Nagata A, Yamagata Z, Nakamura K, Miyamura T, Asaka A. Sex differences 
in subjective well-being and related factors in elderly people in the 
community aged 75 and over. Nippon Ronen Igakkai Zasshi Japanese J 
Geriatr. 1999;36(12):868–73.

	21.	 Pinto JM, Neri AL. Factors associated with low life life satisfaction 
in community-dwelling elderly: FIBRA study. Cad Saude Publica. 
2013;29(12):2447–58.

	22.	 Muehlbauer T, Gollhofer A, Granacher U. Associations Between Measures 
of Balance and Lower-Extremity Muscle Strength/Power in Healthy 
Individuals Across the Lifespan: A Systematic Review and Meta-Analysis. 
Sports Med. 2015;45(12):1671–92.

	23.	 Fukumori N, Yamamoto Y, Takegami M, Yamazaki S, Onishi Y, Sekiguchi 
M, et al. Association between hand-grip strength and depressive symp‑
toms: locomotive syndrome and health outcomes in Aizu cohort study 
(LOHAS). Age Ageing. 2015;44(4):592–8.

	24.	 Allardt E. About dimensions of welfare: explanatory analysis of the com‑
parative Scandinavian survey. Helsinki: University of Helsinki; 1973.

	25.	 Ropponen A, Svedberg P, Kalso E, Koskenvuo M, Silventoinen K, Kaprio J. 
A prospective twin cohort study of disability pensions due to muscu‑
loskeletal diagnoses in relation to stability and change in pain. Pain. 
2013;154(10):1966–72.

	26.	 Fylkesnes K, Jakobsen MD, Henriksen NO. The value of general health per‑
ception in health equity research: A community-based cohort study of 
long-term mortality risk (Finnmark cohort study 1987–2017). SSM Popul 
Heal. 2021;15:100848.

	27.	 Puvill T, Lindenberg J, de Craen AJM, Slaets JPJ, Westendorp RGJ. Impact 
of physical and mental health on life satisfaction in old age: a population 
based observational study. BMC Geriatr. 2016;16(1):1–9.

	28.	 Hamilton GF, McDonald C, Chenier TC. Measurement of grip strength: 
validity and reliability of the sphygmomanometer and Jamar grip 
dynamometer. J Orthop Sports Phys Ther. 1992;16(5):215–9.

https://doi.org/101176/appi.ajp16081373
https://doi.org/101176/appi.ajp16081373


Page 9 of 9Qazi et al. BMC Geriatrics          (2021) 21:658 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	29.	 Suni JH, Oja P, Laukkanen RT, Miilunpalo SI, Pasanen ME, Vuori IM, et al. 
Health-related fitness test battery for adults: Aspects of reliability. Arch 
Phys Med Rehabil. 1996;77(4):399–405.

	30.	 de la Fuente A, Bing N, Hoeschele I, Mendes P. Discovery of meaning‑
ful associations in genomic data using partial correlation coefficients. 
Bioinformatics. 2004;20(18):3565–74.

	31.	 Epskamp S, Fried EI. A tutorial on regularized partial correlation networks. 
Psychol Methods. 2018;23(4):617–34.

	32.	 Leme DE da C, Alves EV da C, Fattori A. Relationships between social, 
physical, and psychological factors in older persons: frailty as an outcome 
in network analysis. J Am Med Dir Assoc. 2020;21(9):1309–15.e4.

	33.	 Pinto J, publica AN-C de saude. Factors associated with low life life sat‑
isfaction in community-dwelling elderly: FIBRA study. SciELO Bras. 2013. 
undefined.

	34.	 Herman KM, Hopman WM, Rosenberg MW. Self-rated health and life satis‑
faction among Canadian adults: associations of perceived weight status 
versus BMI. Qual Life Res. 2013;22(10):2693–705.

	35.	 Williams DR, Rast P. Back to the basics: rethinking partial correlation 
network methodology. Br J Math Stat Psychol. 2020;73(2):187–212.

	36.	 Golino HF, Epskamp S. Exploratory graph analysis: A new approach for 
estimating the number of dimensions in psychological research. Voracek 
M, editor. PLoS One. 2017;12(6):e0174035.

	37.	 Epskamp S. New features in qgraph 1.5. 2018 [cited 2020 Aug 21].
	38.	 Nikitina S, Didino D, Baez M, Casati F. Feasibility of virtual tablet-based 

group exercise among older adults in Siberia: findings from two pilot 
trials. JMIR mHealth uHealth. 2018;6(2):e40.

	39.	 Pinto JM, Fontaine AM, Neri AL. The influence of physical and mental 
health on life satisfaction is mediated by self-rated health: A study with 
Brazilian elderly. Arch Gerontol Geriatr. 2016;65:104–10.

	40.	 Abu-Bader SH, Rogers A, Barusch AS. Predictors of life satisfaction in frail 
elderly. J Gerontol Soc Work. 2003;38(3):3–17.

	41.	 Okun MA, Stock WA, Haring MJ, Witter RA. Health and subjective well-
being: A meta-analysis. Int J Aging Hum Dev. 1984;19(2):111–32.

	42.	 Sainio P, Koskinen S, Heliövaara M, Martelin T, Härkänen T, Aromaa A, 
et al. Self-reported and test-based mobility limitations in a representative 
sample of Finns aged 30+. Scand J Public Health. 2006;34(4):378–86.

	43.	 Mollaoĝlu M, Tuncay FÖ, Fertelli TK. Mobility disability and life satisfaction 
in elderly people. Arch Gerontol Geriatr. 2010;51(3):e115–9.

	44.	 Lindell MK, Whitney DJ. Accounting for common method variance in 
cross-sectional research designs. J Appl Psychol. 2001;86(1):114–21.

	45.	 Podsakoff PM, MacKenzie SB, Lee JY, Podsakoff NP. Common method 
biases in behavioral research: A critical review of the literature and recom‑
mended remedies. J Appl Psychol. 2003;88(5):879–903.

	46.	 Diener E, Inglehart R, Tay L. Theory and validity of life satisfaction scales. 
Soc Indic Res. 2013;112(3):497–527.

	47.	 Koivumaa-Honkanen H, Kaprio J, Honkanen RJ, Viinamäki H, Koskenvuo 
M. The stability of life satisfaction in a 15-year follow-up of adult Finns 
healthy at baseline. BMC Psychiatry. 2005;5:4.

	48.	 Koivumaa-Honkanen H, Honkanen R, Koskenvuo M, Kaprio J. Self-
reported happiness in life and suicide in ensuing 20 years. Soc Psychiatry 
Psychiatr Epidemiol. 2003;38(5):244–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Physical capacity, subjective health, and life satisfaction in older women: a 10-year follow-up study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study cohort
	Life satisfaction
	Physical capacity
	Other measurements
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


