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Abstract
Introduction: It is assumed that age-related increases in loss 
(e.g., health decline) motivate behavioral changes (e.g., pre-
vention of health decline) across adulthood. This assump-
tion has rarely been directly tested in empirical research, and 
the current study seeks to fill this gap. Methods: By perform-
ing random intercept cross-lagged panel model and multi-
level modeling analyses on a three-wave longitudinal data-
set from the Midlife in the United States survey (N = 7,108; 
51.6% female; between 20 and 75 years at T1), we examined 
the between-person and the within-person associations be-
tween subjective health and engagement in physical activi-
ty. Chronic conditions, difficulty in performing daily activi-
ties, and demographic variables were controlled for. Results: 
At the between-person level, subjective (i.e., self-rated) 
health was positively associated with physical activity in the 
whole sample and the older subgroup (T1 age >55 years), 
but not in the younger subgroup (T1 age <35 years). At the 
within-person level, the association between subjective 

health and subsequent physical activity was negative in the 
whole sample and the older subgroup, but nonsignificant 
(between T1 and T2) or positive (between T2 and T3) in the 
younger subgroup. Discussion: This study revealed various 
associations between subjective health and engagement in 
physical activity across levels (the within- vs. between-per-
son level) and across age groups (younger vs. older group). 
The finding contributes to a better understanding of peo-
ple’s health behavior in reaction to health decline at differ-
ent ages. It also supports the proposition that age-related 
intraindividual increases in losses (e.g., health decline) moti-
vate behaviors that counteract such losses (e.g., physical ac-
tivity that protects health). © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Health is a vital component of human quality of life, 
and physical activity plays a key role in maintaining 
health. It has been extensively studied how physical activ-
ity affects health and well-being, but less is known about 
how health influences engagement in physical activity. As 
health declines and becomes more of a concern as people 
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age, do older adults react more strongly to health changes, 
and thus show stronger associations between health and 
subsequent physical activity, compared with younger 
adults? To address the research question, we analyzed the 
20-year longitudinal data from the Midlife in the United 
States (MIDUS) survey. Using the random intercept 
cross-lagged panel model (RI-CLPM) and multilevel 
modeling (MLM) techniques, we distinguished between 
the within-person and between-person associations be-
tween subjective (i.e., self-rated) health and physical ac-
tivity across adulthood. The study aims to contribute to a 
better understanding of both individuals’ health behavior 
and behavioral changes across adulthood. As sustained 
engagement in physical activity is typically goal-directed 
and planned, the study also provides insight into motiva-
tion/goal development across adulthood.

Personal development is a process of achieving a fa-
vorable balance between gains and losses [1–3]. However, 
the ratio of losses to gains disproportionately increases as 
we age. Coping with age-related increases in loss (e.g., a 
prevalent decline in health and functioning levels) be-
comes a major life task, especially in late adulthood [4, 5]. 
Several influential lifespan development theories have 
been proposed to explain how people cope with age-re-
lated increases in loss, such as the model of selection, op-
timization, and compensation [6], the lifespan theory of 
control [7], and the dual-process model of coping [8]. 
These theories have their roots in the proposition that 
people flexibly regulate their motivation and behavior to 
manage life changes and challenges such as increasing 
losses. A good example of such regulation is the gradual 
change in goal orientation and goal-directed behavior 
across adulthood. It has been shown that while younger 
adults are primarily concerned with growth and striving 
for gains (e.g., acquiring new skills), older adults are more 
concerned with maintaining resources/functioning and 
avoiding losses (e.g., maintaining physical fitness and 
avoiding health decline) [9–12]. The age-related shift in 
goal orientation and goal-directed behavior has been in-
terpreted as an adaptive response that counteracts age-
related increases in loss and optimizes gain-to-loss ratios 
[12, 13].

According to these theories, age-related increases in 
loss drive age-related changes in motivation and behav-
ior. In the health domain, for instance, health decline with 
age motivates people to protect their health. Surprisingly, 
little research has directly examined the relationship be-
tween loss (e.g., health decline) and motivation (e.g., 
health-protective motivation) or behavior (e.g., health-
protective behavior) across adulthood. While a few recent 

studies have examined the association [10, 14], only 
cross-sectional data were used, making it difficult to re-
veal developmental changes. To fill the gap, the current 
study investigated the association between loss (e.g., 
health decline) and behavior (e.g., physical activity) in the 
health domain using a longitudinal dataset from the MI-
DUS survey. Specifically, we examined the between-per-
son and within-person associations between self-rated 
health and engagement in physical activity across adult-
hood. Distinguishing between these two types of associa-
tions is essential, as only within-person associations pro-
vide developmental insights, i.e., how a person’s change 
in one construct (e.g., decline or improvement in subjec-
tive health) is associated with the person’s follow-up 
change in another construct (e.g., increased or decreased 
engagement in physical activity) [15, 16].

Health is a major life domain, and age-related decline 
in health (a major type of loss) is prevalent and almost 
inevitable, particularly in late adulthood. As a result, pre-
vention of health decline and diseases becomes more pri-
oritized as people age [17]. Regular engagement in phys-
ical activity is widely recognized and recommended as a 
means to maintain fitness and prevent health problems 
[18]. The relationships between health change and phys-
ical activity (particularly at the within-person level) can 
provide insights into behavioral change during adult-
hood. In MIDUS, participants were asked to report their 
engagement in moderate-to-vigorous physical activity 
during the past year. Such sustained engagement in phys-
ical activity is usually goal-directed and planned [19, 20]. 
As such, examining the relationships between health 
change and physical activity can also shed light on moti-
vation development across adulthood, even though mo-
tivation is not directly assessed. If age-related increases in 
loss (e.g., health decline) drive loss-prevention motiva-
tion and behavior (e.g., health-protective behavior) as as-
serted in the abovementioned lifespan development theo-
ries, then we should observe a disassociation between the 
between-person and within-person “health-physical ac-
tivity” relationships. To be specific, at the between-per-
son level, better health should be associated with greater 
engagement in physical activity as frequently reported in 
the literature [21]. However, at the within-person level, 
declines in health should be followed by increased en-
gagement in physical activity, and this association should 
be stronger in late adulthood than in early adulthood.

The Current Study
The current study examined the association between 

subjective health and physical activity using longitudinal 
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data from MIDUS. The RI-CLPM and MLM techniques 
are used to separate the associations at the within-person 
and between-person levels [22, 23]. Rather than focusing 
on objective health, we were more interested in subjective 
health because human behavior is ultimately more deter-
mined by perceptions (e.g., perceptions of the situational 
factors, norms, and control) [7, 24, 25].

We focused on moderate-to-vigorous physical activity 
but not light physical activity because the former was 
measured at all timepoints, while the latter was measured 
only at the last two timepoints in the MIDUS survey. 
Moreover, the literature shows that moderate-to-vigor-
ous physical activity has robust beneficial influences on 
health, while light physical activity has weaker effects, if 
any [26–28]. Many physical activity guidelines (e.g., those 
developed by the World Health Organization, Australia, 
Canada, USA) recommend moderate-to-vigorous physi-
cal activity for maintaining and promoting health. Nev-
ertheless, we conducted the same set of analyses for both 
moderate-to-vigorous physical activity (see the Result 
section) and light-to-vigorous physical activity (see the 
online supplement; for all online suppl. material, see 
www.karger.com/doi/10.1159/000527797), and the anal-
yses yielded the same pattern of associations between 
health and physical activity.

To test our hypotheses regarding motivated health-
protective behavior and physical activity, we controlled 
for participants’ difficulty in performing daily activities 
when predicting physical activity engagement. This al-
lowed us to rule out the possibility that some participants 
did less physical activity merely because they were objec-
tively less capable of doing so. In this way, participants’ 
variations in physical activity in our models were more 
likely to be driven by motivational changes induced by 
their health changes. Based on the discussion above, the 
following hypotheses were proposed.

H1. (a) At the between-person level, subjective health 
is positively associated with engagement in (moderate-
to-vigorous) physical activity. In other words, people 
with better subjective health are more likely to be those 
with greater engagement in physical activity. (b) At the 
within-person level (the main focus of this study), subjec-
tive health is negatively associated with subsequent en-
gagement in physical activity. In other words, intraindi-
vidual decline in health tends to be followed by enhanced 
engagement in physical activity.

H2. The within-person association between subjective 
health and subsequent engagement in physical activity is 
stronger in older than in younger adults.

Materials and Methods

Sample Information
Data used in the present study were from MIDUS, a nationwide 

longitudinal survey of health and well-being consisting of three 
measurement waves (the year 1995–1996, 2005–2006, and 2013–
2014). A national sample of N = 7,108 US adults was recruited at 
timepoint 1 (T1). A majority of the participants were randomly 
selected from working telephone banks. Participants provided 
data through a telephone interview (about 30 min) and a self-ad-
ministered questionnaire (around 100 pages) by mail. In this sam-
ple, 51.6% of the participants were female and 80.3% were white, 
and their initial ages (at T1) were between 20 and 75 years (M = 
46.4, SD = 13.00; 9.7% between 20 and 29 years, 25.0% between 30 
and 39 years, 25.7% between 40 and 49 years, 19.7% between 50 
and 59 years, 13.9% between 60 and 69 years, and 5.1% equal to or 
above 70 years). Regarding the highest education levels reached by 
T1, 11.1% of the participants had not completed high school, 
58.0% had completed high school, 20.2% had completed a bache-
lor’s degree, and 10.4% had completed a master’s degree or above. 
In terms of marital status, 65.6% of the participants were married, 
13.5% were divorced, 5.0% were widowed, 2.8% were separated 
from partners, and 12.9% were single at T1. In terms of employ-
ment status, 62.5% of the participants were employed, 13.7% were 
self-employed, and the others were unemployed or retired at T1. 
As for income, 39.6% of participants had yearly household income 
lower than $50,000, 26.3% between $50,000 and $99,999, 15.1% 
between $100,000 and $199,999, and 5.1% greater than or equal to 
$200,000 at T1. N = 4,955 participants from the original sample 
were interviewed at T2, and 3,294 participants were interviewed at 
T3. More detailed descriptions of the sample, procedures, and data 
are documented on the MIDUS website (http://www.midus.wisc.
edu/).

Measures
The specific items measuring the following variables are pre-

sented in the online supplement.

Subjective and Objective Health Status
Participants rated their current general health (from 0 “the 

worst possible health” to 10 “the best possible health”), physical 
health (from 1 “poor” to 5 “excellent”), and mental health (from 1 
“poor” to 5 “excellent”). Each participant’s scores on these items 
were standardized and then averaged to indicate subjective health 
status, with higher scores indicating better health. Cronbach’s α of 
the three items was above 0.70 for the whole sample, the younger 
subgroup (T1 age <35 years), and the older subgroup (T1 age >55 
years) at all three timepoints (except for α = 0.66 for the older sub-
group at T3). Objective health status, as a control variable, was 
indicated by the number of chronic conditions over the past year.

Engagement in Physical Activity
Moderate-to-vigorous physical activity was measured at all 

three timepoints, while light physical activity was measured at 
T2 and T3 but not T1. As discussed above, we focused on mod-
erate-to-vigorous physical activity since it is more strongly as-
sociated with health. Nonetheless, we conducted the same anal-
yses with physical activity at all intensities (i.e., light to vigor-
ous), and the same main findings were obtained (see the online 
supplement). At T1, physical activity was divided into four 
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types: moderate/vigorous physical activity during the summer/
winter (four items in total). At T2 and T3, the four types of phys-
ical activity measured at T1 (i.e., moderate/vigorous physical ac-
tivity during the summer and winter) were further divided ac-
cording to life domains (i.e., paid job, domestic chores, and lei-
sure or free time), resulting in 12 items in total. Participants 
rated each type of activity using a six-point scale (from 1 “sev-
eral times a week” to 6 “never”). Cronbach’s α of the measure 
was above 0.79 at all three timepoints for the whole sample, the 
younger subgroup, and the older subgroup. For each timepoint, 
we computed engagement in moderate-to-vigorous activity by 
averaging the corresponding items. A higher score indicates a 
higher level of engagement in physical activity.

Difficulty in Performing Daily Activities
The measure included two items capturing the capacity to con-

duct basic activities of daily living (i.e., “How much does your 
health limit you in bathing or dressing yourself/walking one 
block”) [29] and seven items capturing the capacity to conduct in-
strumental activities of daily living (e.g., “How much does your 
health limit you in lifting or carrying groceries) [30]. Participants 
rated each item using a four-point scale (from 1 “a lot” to 4 “not at 
all”). Cronbach’s α was above 0.80 for the whole sample, the 
younger subgroup, and the older subgroup at all three timepoints. 
Scores on the items were reversed and averaged to indicate diffi-
culty in performing daily activities, with a higher score indicating 
a higher difficulty level.

Analytical Strategies
Structural equation modeling, e.g., RI-CLPM, and multilevel 

modeling (MLM; also known as hierarchical linear modeling, 
HLM) are often used to analyze longitudinal data [31, 32]. There 
are advantages and disadvantages to both methods. For exam-
ple, RI-CLPM can model multiple predictor variables and mul-
tiple outcome variables simultaneously, and handle missing val-
ues in both predictor and outcome variables flexibly, e.g., by us-
ing full information maximum likelihood estimation [33]. 
However, there are difficulties incorporating the moderation ef-
fects of continuous variables into RI-CLPM. A common way is 
to categorize a moderator variable into two or more groups and 
then perform a multigroup RI-CLPM to examine whether the 
interested path coefficients significantly differ across these 
groups [34]. In contrast, MLM can flexibly model moderation 
effects of both categorical and continuous variables but cannot 
handle multiple outcome variables at the same time. It can also 
handle missing values in the outcome variable very well but not 
those in the predictor variables [31, 32]. As RI-CLPM and MLM 
have different strengths and weaknesses, we cross-validated our 
results using both methods.

RI-CLPM Analysis
Using the package lavaan [35] in R [36], we conducted RI-

CLPM analyses [22, 34] to disentangle the within-person and be-
tween-person associations between (subjective and objective) 
health and physical activity. As shown in Figure 1, the RI-CLPM 
model decomposed each observed variable at each timepoint – 
subjective health (Sub1, Sub2, and Sub3; note that the subscript here 
indicates timepoint), objective health (Obj1, Obj2, and Obj3), and 
physical activity (Act1, Act2, and Act3) – into a between-person 
component (i.e., random intercepts Subint, Objint, and Actint) and a 

within-person component (e.g., Subw1, in which the subscript w 
indicates “within-subject,” and the number indicates timepoint). 
The random intercepts captured each participant’s time-invariant 
trait-like levels of subjective health, objective health, and physical 
activity (i.e., each subject’s cross-time mean scores on these vari-
ables). The relationships among the random intercepts indicated 
the associations between health and physical activity at the be-
tween-person level. The within-person components captured each 
participant’s time-varying within-person changes from their mean 
levels of subjective health, objective health, and physical activity. 
The concurrent and cross-lagged relationships among these with-
in-person components indicated the within-person associations 
between health and physical activity.

As we are primarily interested in subjective health, we included 
a control for objective health (as indicated by the number of chron-
ic conditions) in our model. Demographics (age, sex, education, 
income, employment, and marital status) were controlled as co-
variates. To ensure participants’ within-person changes in physical 
activity did not merely reflect changes in the difficulty of conduct-
ing physical activity (but were more related to motivational chang-
es related to health decline), we also controlled for the person-
mean centered difficulty in performing daily activities (difw). Full 
information maximum likelihood estimation was applied to deal 
with missing values. To test whether the associations between 
health and physical activity varied with age (i.e., the moderation 
effect of age), a multigroup RI-CLPM analysis was conducted to 
compare the younger (T1 age <35 years) and older subgroups (T1 
age >55 years). The age cut-offs (35 and 55 years) were chosen to 
ensure large and comparable sample sizes in the two age groups 
and to ensure that no younger adults entered late adulthood during 
the survey period (i.e., all participants in the younger group were 
under 55 years old by T3).

MLM Analysis
We also conducted MLM analyses to cross-validate the asso-

ciations between health and physical activity, particularly the 
time-lagged predictive effects of health on physical activity at the 
within-person level. Measurement timepoints (level-1 factor) 
were nested within persons (level-2 factor) in the MLM models. 
We decomposed the key predictor variables (subjective health and 
objective health) into time-invariant between-person compo-
nents (i.e., cross-time person means Subjectivebetween and Objec-
tivebetween) and time-varying within-person components (i.e., per-
son-mean centered scores Subjectivewithin and Objectivewithin). As 
shown in Equation (1), at level 1 of the MLM model, physical ac-
tivity at timepoint t (i.e., Activityt) was regressed on the within-
person components of health at timepoint t−1 (i.e., Subjective-
within (t-1) and Objectivewithin (t-1)). The main effects of Timepoint and 
T1 Age (which was used to divide the sample into different age 
groups in the RI-CLPM analysis described above), as well as their 
interactions with the within-person components of health, were 
also included as predictors. Demographics (Demographicst), dif-
ficulty in performing daily activities (Difficultyt) at timepoint t, 
and physical activity at timepoint t−1 were controlled as covari-
ates. As shown in Equation (2), at level 2 of the MLM model, the 
intercept was predicted by the between-person components of 
health (Subjectivebetween and Objectivebetween) and their interactions 
with T1 Age and Timepoint.
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MLM model Level 1:
Activityt =  Intercept + Demographicst + Difficultyt + 

Activityt-1  + Timepoint + T1_Age + 
Subjectivewithin (t–1) + Objectivewithin (t–1) + 
Timepoint * Subjectivewithin (t–1) + T1_Age * 
Subjectivewithin (t–1) + Timepoint *  
Objectivewithin (t–1) + T1_age *  
Objectivewithin (t–1) + e (Equation 1)

MLM model Level 2:
Intercept =  Subjectivebetween + Objectivebetween + Timepoint * 

Subjectivebetween + T1_Age * Subjectivebetween + 
Timepoint * Objectivebetween + T1_age *  
Objectivebetween (Equation 2)

Results

Descriptive Results
Table 1 displays the mean values, standard deviations, 

and intercorrelations of the key variables for the whole 
sample (the results for the younger and older subgroups 
are displayed in online suppl. Tables S1 and S2). For the 
whole sample, higher ages were associated with more 
chronic conditions (i.e., worse objective health), worse 
subjective health, and less engagement in physical activ-
ity at all three timepoints. Physical activity was positively 
associated with subjective health and objective health 
(i.e., fewer chronic conditions) at all three timepoints.

Note that participants’ scores on the three items mea-
suring subjective health were standardized and then aver-

aged to indicate subjective health in Table 1. To examine 
whether subjective health decreased with time (and thus 
can be used to reflect age-related decline in the health do-
main), we compared the whole sample’s original ratings 
(i.e., the ratings before standardization) on each item 
across the three timepoints. As expected, the results 
showed that participants’ ratings on the overall health 
item (T1: M = 7.63, SD = 1.43; T2: M = 7.56, SD = 1.45; 
T3: M = 7.35, SD = 1.58), the physical health item (T1: M 
= 3.68, SD = 0.91; T2: M = 3.67, SD = 0.94; T3: M = 3.43, 
SD = 1.038), and the mental health item (T1: M = 3.88, SD 
= 0.91; T2: M = 3.88, SD = 0.90; T3: M = 3.63, SD = 0.95) 
all significantly decreased over time (ps < 0.001).

RI-CLPM Results
A RI-CLPM (see Fig. 1) was performed to estimate the 

associations between health and moderate-to-vigorous 
physical activity for the whole sample, χ2 = 713.84, df = 
55, p < 0.001, CFI = 0.91, RMSEA = 0.07, SRMR = 0.03, 
and then a multigroup RI-CLPM was performed to esti-
mate the associations for the younger (T1 age <35 years) 
and the older age groups (T1 age >55 years), χ2 = 415.52, 
df = 110, p < 0.001, CFI = 0.91, RMSEA = 0.07, SRMR = 
0.04. The path coefficients of interest are listed in Table 2, 
and the detailed results are displayed in online supple-
mentary Table S3 (similar RI-CLPM results for light-to-
vigorous physical activity are displayed in online suppl. 
Table S4).

Table 1. Descriptive results and correlations within and across measurement timepoints

M SD T1
1

T1
2

T1
3

T1
4

T2
1

T2
2

T2
3

T2
4

T3
1

T3
2

T3
3

T3
4

Time 1 (T1)
1. Age 46.38 13.00 1
2. Subjective health (z) 0 0.83 −0.10 1
3. Chronic conditions 2.41 2.51 0.18 −0.47 1
4. Activity 4.68 1.24 −0.26 0.34 −0.24 1

Time 2 (T2)
1. Age 55.43 12.45 1 −0.06 0.16 −0.23 1
2. Subjective health (z) 0 0.84 −0.13 0.58 −0.35 0.25 −0.13 1
3. Objective health 2.46 2.59 0.21 −0.34 0.53 −0.20 0.21 −0.44 1
4. Activity 3.12 1.33 −0.28 0.09 −0.09 0.36 −0.28 0.12 −0.08 1

Time 3 (T3)
1. Age 63.64 11.35 1 −0.01 0.14 −0.16 1 −0.02 0.18 −0.23 1
2. Subjective health (z) 0 0.85 −0.05 0.51 −0.32 0.19 −0.06 0.60 −0.38 0.11 −0.05 1
3. Objective health 3.25 3.15 0.16 −0.34 0.52 −0.15 0.16 −0.37 0.58 −0.09 0.16 −0.48 1
4. Activity 3.21 1.38 −0.28 0.17 −0.15 0.38 −0.28 0.15 −0.17 0.47 −0.28 0.22 −0.17 1

Significant coefficients are marked in bold (p < 0.05). Z within brackets in the first column means that the score was standardized.
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Between-Person Correlations
At the between-person level, subjective health was 

positively associated with physical activity in the whole 
sample (b = 0.41, SE = 0.05, z = 8.53, p < 0.001) and the 
older subgroup (b = 0.44, SE = 0.10, z = 4.55, p < 0.001), 
but not the younger subgroup (b = 0.20, SE = 0.19, z = 
1.07, p = 0.28). The number of chronic conditions (as an 
indicator of objective health) was negatively associated 
with physical activity in the whole sample (b = −0.25, SE 
= 0.04, z = −5.69, p < 0.001) and the older subgroup (b = 
−0.20, SE = 0.08, z = −2.44, p = 0.02), but not the younger 
subgroup (b = −0.40, SE = 0.26, z = −1.54, p = 0.13). The 
results showed that participants (especially older partici-
pants) with better subjective and objective health were 
more strongly engaged in physical activity, or the other 
way around, that participants more strongly engaged in 
physical activity tended to be healthier. The result was 
largely consistent with hypothesis H1a.

Within-Person Time-Lagged Associations
At the within-person level, subjective health was nega-

tively (T1 to T2; b = −0.29, SE = 0.09, z = −3.23, p = 0.001) 
or nonsignificantly (T2 to T3; b = −0.07, SE = 0.06, z = 
−1.16, p = 0.25) associated with subsequent engagement 
in physical activity in the whole sample. This association 
was constantly negative in the older subgroup (T1 to T2: 
b = −0.43, SE = 0.15, z = −2.88, p = 0.004; T2 to T3: b = 
−0.43, SE = 0.21, z = −2.02, p = 0.04), but either nonsig-
nificant (T1 to T2; b = −0.17, SE = 0.27, z = −0.62, p = 0.54) 
or positive (T2 to T3; b = 0.29, SE = 0.14, z = 2.06, p = 0.01) 
in the younger subgroup. Most of the other cross-lagged 
associations were not significant. The results indicate 
that, after controlling for objective health and difficulty in 
performing daily activities, decline in subjective health 
was followed by increases in physical activity at the with-
in-person level among older (but not younger) adults. 
The result was largely consistent with hypotheses H1b 
and H2.

Fig. 1. The random intercept cross-lagged panel model (RI-CLPM) 
of the associations between health and engagement in physical ac-
tivity. The left panel in grey illustrates the between-person asso-
ciations (participants’ demographics at T2 were used to represent 
their average demographic statuses across the three timepoints 
and were controlled for as covariates). The right panel in grey il-
lustrates the within-person associations (demographics and diffi-
culty in performing daily activities were controlled for as covari-
ates). The paths of interest (i.e., associations between health and 

physical activity) are highlighted in bold. Sub, subjective health; 
Obj, objective health (indexed by the number of chronic health 
conditions); Act, engagement in physical activity; dif, difficulty in 
performing daily activities (controlled as covariates when predict-
ing Actw2 and Actw3); dem2 and dem3, demographics at timepoint 
2 and 3 (including age, sex, education, income, employment, mar-
ital status; controlled as covariates); subscript int, random intercept 
(i.e., between-person component); subscript w, within-person 
component; the numbers in the subscript, timepoint.
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MLM Results
An MLM analysis was performed to cross-validate the 

results yielded by the RI-CLPM analysis described above, 
particularly the time-lagged effects of health on moder-
ate-to-vigorous physical activity in different age groups. 
Table 3 displays the results of the MLM analysis (similar 
results for light-to-vigorous physical activity are dis-
played in online suppl. Table S5).

Between-Person Correlations
At the between-person level, stronger engagement in 

physical activity was associated with better subjective 
health and objective health (indicated by fewer chronic 
conditions). These between-person associations changed 
with time, as indicated by the significant interactions be-
tween health and timepoints (Timepoint * Subjectivebe-

tween, β = 0.18, SE = 0.05, t = 3.25, p = 0.001; Timepoint * 
Objectivebetween, β = −0.05, SE = 0.02, t = −3.11, p = 0.002). 
These between-person associations did not vary with par-
ticipants’ initial ages, as indicated by the nonsignificant 
T1_Age * Subjectivebetween and T1_Age * Objectivebetween 
interaction effects (ps > 0.07). The results overall con-
verge with the between-person correlations yielded by the 
RI-CLPM analyses, largely supporting H1a.

Within-Person Time-Lagged Associations
At the within-person level, there was a significant T1_

Age * Subjectivewithin (t-1) interaction effect on Activityt (β 
= −0.01, SE = 0.003, t = −2.36, p = 0.018), indicating an 
age-varying effect of subjective health on subsequent en-
gagement in physical activity. Follow-up analysis showed 
a significant Subjectivewithin (t-1) effect on Activityt in the 
older subgroup (β = −0.23, SE = 0.08, t = −2.92, p = 0.004), 
but not in the younger subgroup (β = −0.08, SE = 0.09, t 
= 0.85, p = 0.396). The main and interaction effects of ob-
jective health at the within-person level were nonsignifi-
cant (ps > 0.10). The results overall converge with the be-
tween-person correlations yielded by the RI-CLPM anal-
yses, largely supporting H1b and H2.

Discussion

By conducting RI-CLPM and MLM analyses on a lon-
gitudinal dataset from the MIDUS survey, we examined 
the between-person and within-person associations be-
tween subjective health and engagement in moderate-to-
vigorous physical activity in adulthood, as well as the 
moderation effects of age (younger vs. older age group) 
on these associations. Largely consistent with our hy- Ta
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potheses, there was a positive between-person associa-
tion, but a negative within-person association, between 
subjective health and physical activity in the whole sam-
ple and the older subgroup (but not in the younger sub-
group).

In terms of theoretical contribution, the current study 
provides empirical evidence for the role that age-related 
decline/loss plays in (motivational and) behavioral chang-
es across adulthood. It is widely assumed in the literature 
that increasing losses motivate goal and behavioral chang-
es as we age [4, 5]. However, the assumption has rarely 
been directly tested in empirical studies. Using the RI-
CLPM [22, 34] and MLM techniques, we found a disso-
ciation between the within-person and between-person 
association between subjective health and engagement in 
physical activity in late adulthood. Specifically, the asso-
ciation was positive at the between-person level but nega-
tive at the within-person level in the whole sample and the 
older subgroup (but not the younger subgroup). The pos-
itive association between subjective health and physical 
activity at the between-person level echoes the well-estab-

lished finding in the literature that regular engagement in 
physical activity benefits health [21]. It is also possible 
that older adults with better (vs. poorer) health tend to be 
more engaged in physical activity. The negative within-
person association between subjective health and physi-
cal activity at the within-person level indicates that older 
adults tend to increase their engagement in physical ac-
tivity when experiencing health decline. The finding sup-
ports the core proposition that increasing losses (e.g., 
health decline) associated with aging promote loss-pre-
vention motivations and behaviors in late adulthood, as 
asserted in the dominant lifespan development theories 
[6–8].

The study also contributes to a better understanding 
of the determinants of physical activity in different age 
groups. As discussed above, our results indicate that 
health declines in older adults tended to be followed by 
increased engagement in physical activity. Our findings 
are consistent with the literature which shows that health 
benefits are important determinants of older adults’ en-
gagement in physical activity [37]. Compared to the older 

Table 3. Effects of health on physical activity using MLM

Predictor variables Outcome: Activityt

Estimate (β) SE df t p value

Intercept 2.109 0.169 3,789 12.446 <0.001
T1_Age −0.015 0.002 2,884 −6.319 <0.001
Sex 0.202 0.032 2,106 6.255 <0.001
Educationt −0.016 0.006 2,498 −2.462 0.014
Employt 0.131 0.036 4,889 3.631 <0.001
Maritalt −0.006 0.035 3,256 −0.179 0.858
Incomet 0.036 0.016 5,809 2.270 0.023
Difficultyt −0.180 0.027 4,825 −6.600 0.000
Activityt-1 0.360 0.014 5,143 26.455 <0.001
Timepoint 0.798 0.059 2,874 13.415 <0.001
Subjectivewithin (t-1) 0.244 0.157 5,029 1.554 0.120
Objectivewithin (t-1) 0.072 0.052 5,350 1.383 0.167
Subjectivebetween 0.015 0.114 2,934 0.130 0.897
Objectivebetween 0.102 0.037 2,926 2.759 0.006
Timepoint * Subjectivewithin (t-1) −0.074 0.081 4,686 −0.913 0.361
Timepoint * Objectivewithin (t-1) 0.002 0.025 5,086 0.083 0.934
T1_Age * Subjectivewithin (t-1) −0.007 0.003 4,976 −2.361 0.018
T1_Age * Objectivewithin (t-1) −0.002 0.001 5,361 −1.605 0.109
Timepoint * Subjectivebetween 0.178 0.055 2,248 3.245 0.001
Timepoint * Objectivebetween −0.053 0.017 2,438 −3.105 0.002
T1_Age * Subjectivebetween 0.000 0.002 2,711 −0.059 0.953
T1_Age * Objectivebetween −0.001 0.001 2,797 −1.763 0.078

The subscript t refers to timepoint t, t-1 refers to timepoint t-1, within refers to within-person component, and between 
refers to between-person component. Activity, engagement in physical activity; Subjective, subjective health; 
Objective, objective health; Difficulty, difficulty in performing daily activities.
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subgroup, the association between health and physical ac-
tivity was less consistent and robust in the younger sub-
group. This could be because younger adults were health-
ier (or felt healthier) in general and had smaller variations 
in subjective health and physical activity levels, making it 
more difficult to detect the associations between these 
two variables. However, further inspection of the data re-
vealed that the variations (as indicated by standard devia-
tions) in health and physical activity were similar among 
the two age groups. Another possible reason for the un-
stable relationship between health and physical activity is 
that health decline might be less of a concern for younger 
adults and thus played a smaller role in determining phys-
ical activity engagement in the younger (vs. the older) age 
group [38]. Supporting this argument, subjective health 
was positively (but not negatively) associated with follow-
up physical activity engagement (T2 to T3) at the within-
between level in the younger subgroup. The result indi-
cated that health declines in younger adults tended to be 
followed by decreased engagement in physical activity, or 
in other words, health improvements tended to be fol-
lowed by increased engagement in physical activity. This 
may be because younger adults who experienced im-
provements in health (vs. those who experienced de-
clines) had a greater sense of control over their health, 
resulting in greater subsequent engagement in physical 
activity. Another possible explanation for the positive as-
sociation between health and physical activity engage-
ment is that younger adults with better health were more 
likely to take on jobs and lifestyles involving more physi-
cal activity. There is also a possibility that younger adults’ 
engagement in physical activity was more influenced by 
factors other than self-perceived health or motivation to 
counteract health decline [39]. As a result, the relation-
ship between subjective health and physical activity dif-
fered between younger and older adults. Due to the age-
differential relationships between subjective health and 
physical activity, it is crucial to use different strategies to 
motivate physical activity in different age groups with tai-
lored interventions and training programs. Our findings 
suggest that emphasizing physical activity as a means to 
prevent health loss may be more effective in promoting 
physical activity engagement among older (vs. younger) 
adults.

In terms of methodological implications, the present 
study highlights the importance of disentangling within-
person effects from between-person effects in longitudi-
nal designs. Understanding intraindividual changes or 
developmental processes requires an examination of 
within-person effects [15]. By distinguishing between 

within- and between-person effects, the current study re-
vealed an interesting finding: the patterns of relationship 
between subjective health and subsequent physical activ-
ity were opposite at the within- and between-person lev-
els among older individuals. The effects at these two levels 
could cancel each other out and conceal the true nature 
of the relationship if they are not separated. As seen in 
Table 1, correlations between subjective health and sub-
sequent physical activity are weak when within- and be-
tween-person effects are not separated. The lack of sepa-
ration between within- and between-person effects may 
also partly explain the conflicting results in the research 
on the determinants of physical activity: While some 
studies found significant effects of health status on older 
adults’ physical activity, the others did not (for a review, 
see [40]). It would be beneficial for future longitudinal 
studies to take into account within- and between-person 
effects separately in order to better reflect developmental 
processes and individual differences in motivation and 
behavior.

There were several limitations to this study. First, the 
time intervals between measurement points (10 years in 
the MIDUS survey) might be too long for detecting cer-
tain time-ordered (autoregressive and cross-lagged) as-
sociations, such as the cross-lagged prediction effect of 
physical activity on health. Second, we only used the de-
cline in subjective health to assess health loss with age. In 
the current sample, the between-person correlation be-
tween subjective health and age was relatively weak, and 
the within-person decline in subjective health across 
timepoints was relatively small. Thus, the decline in sub-
jective health may be seen as an aspect of gradual, slight 
age-related losses. Future studies could examine the roles 
of other types of losses (e.g., acute and large losses such as 
the occurrence of severe diseases, death of partner or 
close others) in motivational and behavioral changes 
across adulthood. Another limitation is that we only ex-
amined the relationships between loss (i.e., health de-
cline) and behavior (i.e., physical activity). Human devel-
opment in different life domains follows various trajecto-
ries [4], and recent studies suggested that the association 
between loss and goal/motivation could vary across life 
domains [10]. Cross-domain longitudinal studies are 
needed to test the generalizability of the role of loss in 
goal/behavioral development across adulthood identified 
in this study.

Despite these limitations, the current study provides 
robust evidence showing that health decline was associ-
ated with subsequent increases in physical activity during 
late adulthood. The finding provides empirical evidence 
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for the proposition in the literature that age-related in-
creases in loss motivated behavioral changes across adult-
hood. The study also contributes to a better understand-
ing of the determinant effect of subjective health on health 
behavior in different age groups.
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