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Abstract

Background: Moderate-to-vigorous intensity physical activity (MVPA) is associated with favorable self-rated mental
and physical health. Conversely, poor self-rated health in these domains could precede unfavorable shifts in activity.
We evaluated bidirectional associations of accelerometer-estimated time spent in stationary behavior (SB), light
intensity physical activity (LPA), and MVPA with self-rated health over 10 years in in the CARDIA longitudinal cohort
study.

Methods: Participants (n = 894, age: 45.1 ± 3.5; 63% female; 38% black) with valid accelerometry wear and self-rated
health at baseline (2005–6) and 10-year follow-up (2015–6) were included. Accelerometry data were harmonized
between exams and measured mean total activity and duration (min/day) in SB, LPA, and MVPA; duration (min/day)
in long-bout and short-bout SB (≥30 min vs. < 30 min) and MVPA (≥10 min vs. < 10 min) were also quantified. The
Short-Form 12 Questionnaire measured both a mental component score (MCS) and physical component score
(PCS) of self-rated health (points). Multivariable linear regression associated baseline accelerometry variables with
10-year changes in MCS and PCS. Similar models associated baseline MCS and PCS with 10-year changes in
accelerometry measures.

Results: Over 10-years, average (SD) MCS increased 1.05 (9.07) points, PCS decreased by 1.54 (7.30) points, and
activity shifted toward greater SB and less mean total activity, LPA, and MVPA (all p < 0.001). Only baseline short-
bout MVPA was associated with greater 10-year increases in MCS (+ 0.92 points, p = 0.021), while baseline mean
total activity, MVPA, and long-bout MVPA were associated with greater 10-year changes in PCS (+ 0.53 to + 1.47
points, all p < 0.005). In the reverse direction, higher baseline MCS and PCS were associated with favorable 10-year
changes in mean total activity (+ 9.75 cpm, p = 0.040, and + 15.66 cpm, p < 0.001, respectively) and other
accelerometry measures; for example, higher baseline MCS was associated with − 13.57 min/day of long-bout SB
(p < 0.001) and higher baseline PCS was associated with + 2.83 min/day of MVPA (p < 0.001) in fully adjusted
models.
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Conclusions: The presence of bidirectional associations between SB and activity with self-rated health suggests
that individuals with low overall activity levels and poor self-rated health are at high risk for further declines and
supports intervention programming that aims to dually increase activity levels and improve self-rated health.

Keywords: Physical activity, Sedentary behavior, Self-rated health, Cohort study

Background
Performing habitual moderate-to-vigorous intensity
physical activity (MVPA) and limiting prolonged seden-
tary behavior are associated with increased life expect-
ancy [1–3]. However, efforts to increase life expectancy
should occur in parallel with those focused on optimiz-
ing health-related quality of life [4]. Self-rated health
provides an easily-measured summary of health-related
quality of life as experienced by the individual across do-
mains, e.g. mental and physical [5]. Though high MVPA
and low sedentary behavior have been consistently
linked to certain mental health outcomes (e.g., reduced
depression and anxiety) [6–9] and a decreased incidence
of chronic diseases (e.g., diabetes, coronary heart disease,
cancer, and physical dysfunction) [1, 3, 9, 10], limited
longitudinal studies measure the relationships between
MVPA and sedentary behavior with summary measures
of self-rated health [11–13]. Few studies use device-
based measurement of MVPA and sedentary behavior
and even fewer consider the full spectrum of intensity
categories (i.e., sedentary behavior, light-intensity phys-
ical activity (LPA), and MVPA) or bout durations (i.e.,
time accumulated in shorter vs. longer bouts of seden-
tary behavior and MVPA) [2, 14]. Also, most studies are
in older adults and there is a dearth of studies during
mid-life, which is a critical period for chronic disease
and disability development [15].
Little is known about how self-rated mental and phys-

ical health might associate with future overall activity
levels. We recently demonstrated bidirectional effects
between accelerometer-measured activity and stationary
behavior (SB) (an estimate of sedentary behavior that
can be measured with a waist-worn accelerometer [16])
with obesity, including that greater baseline obesity was
associated with increased SB and decreased LPA and
MVPA over 10-year follow-up across midlife [17]. Such
bidirectionality of effects between SB and activity is also
plausible with self-rated health since lower mental and
physical health are established barriers to physical activ-
ity [18, 19]. This bidirectional possibility is important to
study as it may change interpretations of cross-sectional
associations and inform clinical and public health strat-
egies for the joint preservation of healthy activity levels
and self-rated health.
To address these research gaps, we first examined as-

sociations of baseline and 10-year changes in
accelerometer-derived estimates across the spectrum of

physical activity intensities (SB, LPA, and MVPA) with
10-year changes in self-rated physical and mental health
in the Coronary Artery Risk Development in Young
Adults (CARDIA) Study [20]. We hypothesized that
lower baseline activity levels would be associated with
10-year reductions in self-rated health. Next, in the same
cohort, we evaluated the reverse direction by examining
associations of baseline and 10-year changes in physical
and mental self-rated health with 10-year changes in ac-
tivity levels. We hypothesized that lower baseline self-
rated health would be associated with less favorable 10-
year changes in activity levels.

Methods
Participants and setting
This analysis was conducted in CARDIA, a multicenter
cohort study of the development and determinants of
cardiovascular disease beginning in early adulthood
(clinicaltrials.gov record NCT00005130) [20]. In 1985–6,
CARDIA recruited a biracial (black and white) cohort of
5115 young adults, aged 18–30 years, from field centers
in four U.S. cities (Birmingham, Alabama; Chicago, Illi-
nois; Minneapolis, Minnesota; and Oakland, California).
CARDIA has followed these participants with in-person
exams at least every 5 years thereafter. The current ana-
lysis uses data from the year 20 (2005–06) and year 30
(2015–16) follow-up exams, which captured 72 and 71%
of the surviving cohort, respectively. Data from the year
20 exam were considered ‘baseline’ and data from the
year 30 exam were considered ‘10-year follow-up’. All
participants provided informed consent and research
procedures were approved by local Institutional Review
Boards at each site.
Among those participating in both exams (n = 2947),

we excluded 2030 participants because they did not par-
ticipate or were excluded from the CARDIA Fitness
Study (2005–6) or the CARDIA Activity Study (2015–6)
or had non-compliant wear at either exam. Importantly,
the CARDIA Activity Ancillary Study began midway
through the exam period, which resulted in missing a
portion of potential participants due to timing [21]. Fur-
ther exclusion of 24 participants with incomplete self-
rated health (SF-12) data resulted in a final analytic sam-
ple of n = 894. Among participants attending both
exams, those included vs. excluded in the current ana-
lysis were more likely to be white (61.7% vs. 51.3%, p <
0.001), female (63.5% vs. 54.8%, p < 0.001), and had lower
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BMI (28.5 kg/m2 vs. 29.7 kg/m2, p < 0.001), but did not
differ by age (45.1 years vs. 45.3 years, p = 0.224). In-
cluded vs. excluded participants had similar scores for
mental self-rated health (p > 0.05), but had higher self-
rated physical health scores at baseline (52.3 vs. 50.9
pts., p < 0.001) and 10-year follow-up (50.7 vs. 49.1 pts.,
p < 0.001).

Measurements
Physical activity was assessed by uniaxial accelerometry
(ActiGraph 7164, Pensacola, FL) at the baseline and tri-
axial accelerometry (ActiGraph wGT3X-BT, Pensacola,
FL) at the 10-year follow-up. Participants were
instructed to wear the accelerometers for 7 days and
during all waking hours (except water activities). Accel-
erometer counts were exported using ActiLife software
and were harmonized across exams using a validation
study where both monitors were worn simultaneously by
a subset of 87 CARDIA participants during the follow-
up exam [22]. This study allowed for the calculation of a
calibration factor which divided follow-up wGT3X-BT
data (vertical axis data collected at 40 hertz and reinte-
grated to count data expressed in 60-s epochs) by 1.088
to make it comparable to the baseline data from the
ActiGraph 7164 (count data in 60-s epochs). Wear time
was calculated as 24 h minus nonwear time. Nonwear
time was defined as intervals with 0 counts per minute
(cpm) for ≥60 consecutive minutes, but allowing ≤2 min
at < 100 cpm [23]. Accelerometry data were considered a
valid representation of the seven-day data collection
period with ≥4 days of monitoring with ≥10 h/day [24].
One participant was removed due to implausible mean
total activity baseline (average > 20,000 cpm) [25].
Daily averages of accelerometry variables, including

mean total activity (measured in cpm) and intensity cat-
egory durations (measured in min/day), were calculated
by averaging across valid wear days. Freedson cutpoints
were used to classify time spent stationary, i.e., SB (<
100 cpm), LPA (100 to < 1952 cpm), and MVPA (≥1952
cpm) [26]. SB was segmented into short-bout SB (accu-
mulated in < 30-min bouts) and long-bout SB (accumu-
lated in ≥30-min bouts). The 30-min threshold was
selected based on research suggesting SB accumulated in
bouts ≥30 min is more strongly associated with health
outcomes [2, 27] and an expert review concluding that
interrupting SB every 30 min is a potentially feasible and
health-enhancing behavioral target [28]. Also, reflecting
a recent expert call to examine whether MVPA accumu-
lated in bouts of < 10min is associated with health out-
comes in large-sample longitudinal studies [14], MVPA
was also segmented into short-bout MVPA (bouts of <
10min) and long-bout MVPA (bouts of ≥10 min). Long-
bout MVPA (e.g., ≥ 10min) measured by the waist ac-
celerometer was operationalized using a standard

approach (bouts of ≥10min, with allowance for 2 min <
1952 cpm) that acknowledges small interruptions to
physical activity that might occur, e.g., briefly pausing at
a stop light during a brisk walk or run [14, 26]. Separ-
ation of accelerometer-measured activity into intensity x
duration categories (long-bout SB, short-bout SB, LPA,
short-bout MVPA, and long-bout MVPA) responds to
recent calls for longitudinal studies to evaluate the
health effects of prolonged SB vs. SB with more breaks
and MVPA accumulated in durations of < 10 min vs.
≥10min [14, 29].
While there was no statistically significant difference

in mean accelerometer wear time between the baseline
and 10-year follow-up assessments at the group level,
within-subject differences in wear time were noted
(mean difference = 1min, but SD = 116min). Since wear
time is importantly associated with accelerometer-
estimated durations of SB, LPA, and MVPA [30], we av-
eraged baseline and follow-up wear time and rescaled all
baseline and follow-up activity duration variables to this
average. Ten-year differences in activity were calculated
by subtracting rescaled baseline activity category dur-
ation from the rescaled follow-up activity category
duration.
The short-form (SF)-12 was used to measure both

physical and mental health status at baseline and 10-year
follow-up. The SF-12 is an abbreviated version of the
SF-36, developed as a general measure of health status
for the Medical Outcomes Study [31]. The SF-12 was
designed to provide a shorter questionnaire for large
studies that yields mental component summary (MCS)
and physical component summary (PCS) scores that are
highly correlated to the SF-36 [32]. The SF-12 is com-
monly used to measure health status in longitudinal
population studies [5, 33] and is associated with general
health outcomes such as total medical expenditures [34].
Component scores range from 0 to 100, with a score of
approximately 50 representing average mental or phys-
ical health status in middle-aged adults [33].
Height and weight were measured at baseline in light

clothing and without shoes; body mass index (BMI) was
calculated as kg/m2. Demographic characteristics includ-
ing years of education, smoking (never, former, current),
age, race, and sex were measured by standardized ques-
tionnaires at baseline.

Statistical methods
All analyses were conducted using Stata version 16
(STATA Corp, College Station, TX, USA). Baseline data
were summarized across tertiles of baseline mean total
activity, as well as tertiles of MCS and PCS, using means
and standard deviations (SD) or numbers and percent-
ages. Comparisons across tertiles used p-for-trend or
chi-square tests, as appropriate. Though normality
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checks revealed baseline MVPA variables were not nor-
mally distributed, the original scale (min/day) was
retained to aid in interpretation since results were simi-
lar with and without log transformation and model re-
siduals using non-transformed MVPA were normally
distributed and without influential points. Ten-year
changes in MCS, PCS, and all activity variables were cal-
culated and compared using paired t tests.
A series of linear regression models were fit to evalu-

ate 10-year bidirectional associations between activity
and MCS and PCS as described in detail below. Import-
antly, associations between the baseline value of the in-
dependent variable and 10-year changes in dependent
variable establish temporality and are the primary associ-
ation of interest in this bidirectional analysis. We also
include and report associations between concurrent 10-
year changes in the independent variable as a covariate;
these 10-year-changes happen simultaneously, do not es-
tablish temporality, and were included to explore covari-
ation in activity and self-rated health and to improve
model fit.

Activity and 10-year changes in MCS and PCS Initial
models evaluated whether baseline and 10-year change
in mean total activity was associated with 10-year
changes in MCS and PCS. Next, to evaluate whether
basic activity categories (i.e., SB, LPA, and MVPA) were
associated with 10-year changes in MCS and PCS, a
model was constructed including these activity categor-
ies and accelerometer wear time; one activity category
(SB) was omitted as the reference category. Because du-
rations in each intensity category are inter-related such
that the total sum is equal to accelerometer wear time,
this analysis examined associations when replacing SB
with LPA and MVPA [35]. Lastly, the activity category
analysis was repeated using expanded, short- and long-
bout activity categories (i.e., long-bout SB, short-bout
SB, LPA, short-bout MVPA, long-bout MVPA) with
long-bout SB as the reference category. All beta coeffi-
cients were scaled to 1 SD of the independent variable
(std. β) to aid in interpreting the meaningfulness of coef-
ficients. All models were adjusted for baseline MCS or
PCS, age, sex, education, smoking, study center, follow-
up time, and average accelerometer wear time (Model
1). Model 2 added adjustment for baseline and 10-year
change in BMI due the potential for BMI to be in the
causal pathway between activity and physical and mental
self-rated health [36].

PCS and MCS with 10-year changes in activity To in-
vestigate the reverse direction of association, separate
models evaluated whether baseline and 10-year change
in MCS and PCS were associated with 10-year changes
in mean total activity, SB, LPA, and MVPA as well

short-bout and long-bout SB and MVPA. Again, std. β
are reported (per 1 SD of the MCS or PCS variable) and
models were adjusted for baseline activity, age, sex, edu-
cation, smoking, study center, follow-up time, and aver-
age accelerometer wear time (Model 1) and then,
additionally, by baseline and 10-year change in BMI
(Model 2).

Race and sex interactions The CARDIA Study was de-
signed to study cardiovascular disease development
across races (white, black) and sex (male, female). In this
study, race and sex strata had sample sizes as follows:
white men (n = 225); white women (n = 327); black men
(n = 101); and black women (n = 241). Given these small
subgroup samples, we conducted exploratory analyses
evaluating race/sex interactions in the bidirectional asso-
ciations between mean total activity, basic activity cat-
egories (SB, LPA, and MVPA), MCS, and PCS. As each
analysis had at least one interaction term with p < 0.1 for
both race and sex, we repeated analyses after stratifica-
tion into race- and sex-specific groups (reported in Sup-
plemental Tables).

Results
Baseline participant characteristics are reported overall
and by tertile of baseline mean total activity in Table 1.
Participants were more often female, white, never
smokers, had higher education degrees, and were classi-
fied, on average, as overweight. Though age, smoking
status, and education did not differ by mean total activ-
ity tertile, participants in the higher tertiles had higher
proportions of male and white participants as compared
to the overall sample, and had lower BMI. Baseline MCS
and PCS were slightly above the standardized population
mean score of 50. Across higher tertiles of total activity,
MCS did not differ while PCS was higher.
Some participant characteristics also differed across

tertiles of MCS and PCS (Supplemental Table 1). Race
(p = 0.005) and education (p = 0.018) categories differed
across MCS tertiles; other characteristics were not asso-
ciated with MCS. In the higher PCS tertiles, mean BMI
was lower and there was a higher relative proportion of
participants who were white, were never smokers, and
had higher education (all p < 0.001).

Associations of baseline and 10-year change in activity
patterns with changes in self-rated health
Neither mean total activity nor basic activity categories
were associated with 10-year changes in MCS (Table 2).
In contrast, both higher baseline and 10-year increases
in mean total activity were associated with favorable 10-
year increases in PCS. Further, higher MVPA in place of
lower SB (both baseline and 10-year changes) was asso-
ciated with more favorable 10-year changes in PCS.
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Table 1 Baseline participant characteristics (n = 894) overall and by tertiles of mean total activity

Overall Low Activity
(118–297 cpm)

Moderate Activity
(298–411 cpm)

High Activity
(412–991 cpm)

p-value*

Age, years 45.1 (3.5) 45.1 (3.6) 45.1 (3.4) 45.1 (3.4) 0.834

Sex

Male 326 (37%) 93 (31%) 99 (34%) 134 (45%) 0.001

Female 568 (63%) 205 (69%) 199 (66%) 164 (55%)

Race

Black 342 (38%) 143 (48%) 115 (39%) 84 (28%) < 0.001

White 552 (62%) 155 (52%) 183 (61%) 214 (72%)

Smoking

Never 614 (69%) 207 (69%) 207 (69%) 200 (67%) 0.806

Former 169 (19%) 51 (17%) 56 (19%) 62 (21%)

Current 111 (12%) 40 (13%) 35 (12%) 36 (12%)

Education

≤ High School 323 (36%) 113 (38%) 108 (36%) 102 (34%) 0.547

Associate/Bachelor’s 367 (41%) 123 (41%) 126 (42%) 118 (40%)

Postgraduate 204 (23%) 62 (21%) 64 (21%) 78 (26%)

BMI, kg/m2 28.5 (7.3) 29.3 (6.8) 28.8 (6.8) 27.2 (8.1) < 0.001

MCS, pts 51.1 (8.8) 50.8 (9.1) 50.9 (9.3) 51.6 (8.1) 0.235

PCS, pts 52.2 (7.0) 51.3 (7.0) 51.7 (7.6) 53.7 (6.2) < 0.001

Statistical differences across tertiles are bolded. Data are presented as mean (SD) or n (%)
Abbreviations: BMI body mass index, cpm counts per minute, MCS mental components scores, PCS physical component scores, pts. points
*Compared across tertiles using chi-square or linear test for trend

Table 2 Association of baseline and 10-year changes in mean total activity and activity categories with changes in MCS and PCS
(n = 894)

MCS (pts) PCS (pts)

Model 1
std. β (95% CI)

Model 2 (+BMI)
std. β (95% CI)

Model 1
std. β (95% CI)

Model 2 (+BMI)
std. β (95% CI)

Mean Total Activity

Baseline cpm 0.30 (− 0.31, 0.91) 0.43 (− 0.19, 1.06) 0.75 (0.23, 1.26) 0.53 (0.01, 1.05)

10-year change in cpm 0.37 (− 0.23, 0.98) 0.46 (− 0.15, 1.07) 1.12 (0.61, 1.62) 0.97 (0.47, 1.48)

Activity Categories

SB

Baseline & 10-year change ref. ref. ref. ref.

LPA

Baseline −0.25 (− 0.89, 0.39) − 0.20 (− 0.84, 0.44) 0.07 (− 0.46, 0.61) −0.00 (− 0.53, 0.52)

10-year change 0.16 (− 0.45, 0.77) 0.22 (− 0.39, 0.83) 0.10 (− 0.41, 0.61) 0.01 (− 0.49, 0.51)

MVPA

Baseline 0.49 (− 0.13, 1.12) 0.60 (− 0.03, 1.22) 0.76 (0.24, 1.28) 0.60 (0.08, 1.12)

10-year change 0.32 (−0.28, 0.91) 0.38 (−0.21, 0.97) 1.17 (0.68, 1.66) 1.07 (0.58, 1.56)

Statistically significant results are bolded
Standardized β are interpreted as the difference in MCS or PCS pts. per 1 SD difference in: total activity SD = 136 cpm; 10-year change in total activity SD = 139
cpm; LPA SD = 85min per day; 10-year change in LPA SD = 88min per day; MVPA SD = 23min per day; 10-year change in MVPA SD = 23min per day
Model 1 includes LPA and MVPA in the activity category analysis; both analyses also adjust for baseline value of MCS or PCS, follow-up time, age, race, gender,
education, smoking, center, and average accelerometer wear time
Model 2 adds adjustment for baseline and 10-year change in BMI
Abbreviations: BMI body mass index, cpm counts per minute, LPA light-intensity physical activity, MCS mental component score, MVPA moderate-to-vigorous
intensity physical activity, PCS physical component score, pts. points, ref. reference category, SB stationary behavior

Barone Gibbs et al. International Journal of Behavioral Nutrition and Physical Activity           (2021) 18:74 Page 5 of 11



Significant associations were slightly attenuated but
remained statistically significant with adjustment for
BMI.
Table 3 reports associations between baseline and 10-

year changes in expanded activity categories (with long
bout SB as the reference category) with 10-year changes
in MCS and PCS. Only higher baseline short-bout
MVPA was significantly associated with a more favor-
able 10-year change in MCS. Higher baseline long-bout
MVPA as well 10-year changes in both short- and long-
bout MVPA, with correspondingly lower levels of long-
bout SB (reference category), were associated with 10-
year increases in PCS.

Associations of baseline and 10-year change in self-rated
health with changes in activity patterns
Higher baseline MCS was associated with more positive
10-year changes in mean total activity and was associ-
ated with greater decreases in SB over the 10-year
follow-up in fully adjusted models (Model 2, Table 4).
Ten-year change in MCS was not associated with any
activity categories. Both higher baseline PCS and greater
10-year changes in PCS were each associated with favor-
able 10-year changes in total activity, SB (only in Model
1), and MVPA.

When evaluating associations of self-rated health on
10-year changes in extended activity categories (short
−/long-bout SB and MVPA), higher baseline MCS was
inversely associated with changes in long-bout SB and
directly associated with changes in short-bout SB and
short-bout MVPA (Table 5). Greater baseline and 10-
year changes in PCS were each inversely associated
changes in short-bout SB and directly associated with
changes in short- and long-bout MVPA.

Associations after stratification by race and sex
Bidirectional associations after stratification by race and
sex are reported in Supplemental Tables 2 and 3. Base-
line activity was not associated with 10-year changes in
self-rated health within race/sex groups; yet, baseline
self-rated health (especially PCS) was associated with un-
favorable activity level changes in all groups except white
women.

Discussion
Among 894 white and black men and women during
midlife, we investigated bidirectional associations of
accelerometer-measured SB and activity with self-rated
mental and physical health. Longitudinal associations in
each direction, between baseline values of the

Table 3 Association of baseline and 10-year Changes in SB (short and long bouts), LPA, and MVPA (short and long bout) and
changes in MCS and PCS (n = 894)

MCS (pts) PCS (pts)

Model 1
std. β (95% CI)

Model 2 (+BMI)
std. β (95% CI)

Model 1
std. β (95% CI)

Model 2 (+BMI)
std. β (95% CI)

SB (long-bout)

Baseline & 10-year change ref. ref. ref. ref.

SB (short-bout)

Baseline 0.61 (− 0.33, 1.55) 0.58 (− 0.36, 1.52) 0.03 (− 0.75, 0.81) 0.08 (− 0.69, 0.86)

10-year change 0.70 (− 0.01, 1.40) 0.66 (− 0.05, 1.36) −0.22 (− 0.80, 0.36) −0.15 (− 0.72, 0.43)

LPA

Baseline −0.40 (− 1.18, 0.38) − 0.32 (− 1.11, 0.46) 0.20 (− 0.44, 0.85) 0.07 (− 0.57, 0.72)

10-year change 0.20 (− 0.48, 0.88) 0.25 (− 0.43, 0.93) −0.09 (− 0.65, 0.48) −0.18 (− 0.73, 0.38)

MVPA (short-bout)

Baseline 0.92 (0.14, 1.71) 0.89 (0.10, 1.67) 0.30 (−0.35, 0.95) 0.37 (−0.27, 1.02)

10-year change 0.47 (−0.28, 1.22) 0.48 (−0.27, 1.23) 0.99 (0.37, 1.61) 0.98 (0.37, 1.60)

MVPA (long-bout)

Baseline 0.50 (−0.47, 1.46) 0.65 (−0.33, 1.62) 1.47 (0.66, 2.28) 1.21 (0.40, 2.01)

10-year change 0.51 (−0.42, 1.43) 0.58 (−0.35, 1.50) 1.26 (0.49, 2.02) 1.13 (0.37, 1.89)

Statistically significant results are bolded
Standardized β are interpreted as the difference in MCS or PCS pts. per 1 SD difference in: SB (short) SD = 88min per day; 10-year change in SB (short) = 75min
per day; LPA SD = 85min per day; 10-year change in LPA SD = 111 min per day; MVPA (short) SD = 13min per day; 10-year change in MVPA (short) SD = 13min
per day; MVPA (long) SD = 18min per day; 10-year change in MVPA (long) = 19 min per day
*Model 1 includes all activity variables and also adjusts for baseline value of MCS or PCS, follow-up time, accelerometer wear time, age, race, gender, education,
smoking, and center
**Model 2 adds adjustment for baseline and 10-year change in BMI
Abbreviations: BMI body mass index, cpm counts per minute, LPA light-intensity physical activity, MCS mental component score, MVPA moderate-to-vigorous
intensity physical activity, PCS physical component score, pts. points, ref. reference category, SB stationary behavior
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independent variable and 10-year changes in the
dependent variable, are summarized in the Figure. Over-
all, higher baseline MVPA was most consistently associ-
ated with preserving self-rated physical health and, to a
lesser extent, self-rated mental health. Higher baseline
LPA (in exchange for SB) was not associated with pres-
ervation of either domain of self-rated health. During
the same interval, higher baseline self-rated mental and
physical health were both associated with more favorable
SB and MVPA at the 10-year follow-up.
Limited associations were observed between baseline

activity patterns and 10-year changes in self-rated

mental health (Fig. 1a, white arrows). Only higher levels
of baseline short-bout MVPA (replacing long-bout SB)
were associated with greater 10-year increases in MCS.
In contrast, associations of self-rated physical health and
10-year changes in activity levels were more apparent
(Fig. 1b). Higher baseline mean total activity and MVPA
(both total and long-bout MVPA) were associated with
more favorable 10-year changes in PCS. These associa-
tions were independent of significant associations also
observed between 10-year changes in mean total activ-
ity/MVPA with 10-year changes in PCS (not represented
in the Figure). Taken together, these data suggest that

Table 4 Association of baseline and changes in MCS and PCS on mean total activity, SB, LPA, and MVPA (n = 894)

Mean Total Activity (cpm) SB (min/day) LPA (min/day) MVPA (min/day)

Model 1 Model 2
(+BMI)

Model 1 Model 2
(+BMI)

Model 1 Model 2
(+BMI)

Model 1 Model 2
(+BMI)

std. β (95% CI) std. β (95% CI) std. β (95% CI) std. (95% CI)

MCS

Baseline 8.9 (−0.5, 18.2) 9.8 (0.5,
19.1)

−6.2 (− 12.8, 0.3) − 6.6 (− 13.1, −
0.1)

4.8 (− 1.1,
10.8)

5.1 (− 0.9,
11.1)

1.3 (− 0.3,
2.9)

1.4 (− 0.2, 3.1)

10-yr
change

5.6 (− 3.5, 14.7) 6.9 (− 2.2,
15.9)

− 3.5 (− 9.9, 2.9) −3.9 (− 10.2, 2.4) 2.4 (− 3.5,
8.3)

2.7 (− 3.1, 8.6) 1.0 (− 0.6,
2.6)

1.2 (− 0.4, 2.8)

PCS

Baseline 18.4 (9.2,
27.2)

15.7 (6.3,
25.0)

−9.0 (−15.2, 2.7) − 6.6 (− 13.1, 0.0) 5.8 (− 0.1,
11.8)

3.8 (− 2.4,
10.0)

3.2 (1.6,
4.7)

2.8 (1.2, 4.5)

10-yr
change

19.1 (10.5,
27.7)

16.9 (8.1,
25.6)

−7.6 (− 13.7, −
1.5)

−6.5 (− 12.6, −
0.3)

3.10 (− 2.6,
8.8)

2.1 (− 3.6, 7.9) 3.7 (2.2,
5.2)

3.5 (1.9, 5.0)

Statistically significant results are bolded
Model 1 is adjusted for baseline value of the activity variable, follow-up time, average accelerometer wear time, age, race, gender, education, smoking, and center
Model 2 adds adjustment for baseline and 10-year change in BMI
MCS SD = 8.83 points; MCS 10-year change SD = 9.07 points; PCS SD = 7.00 points; PCS 10-year change SD = 7.30 point
Abbreviations: BMI body mass index, cpm counts per minute, LPA light-intensity physical activity, MCS mental component score, MVPA moderate-to-vigorous
intensity physical activity, PCS physical component score, pts. points, ref. reference category, SB stationary behavior

Table 5 Association of baseline and changes in MCS and PCS on long-bout and short-bout SB and MVPA (n = 894)

Long-bout SB (min/day) Short-bout SB (min/day) Short-bout MVPA (min/
day)

Long-bout MVPA (min/
day)

Model 1 Model 2
(+BMI)

Model 1 Model 2
(+BMI)

Model 1 Model 2
(+BMI)

Model 1 Model 2
(+BMI)

std. β (95% CI) std. β (95% CI) std. β (95% CI) std. β (95% CI)

MCS

Baseline −13.3 (− 20.1, −
6.6)

−13.6 (− 20.3, −
7.8)

6.6 (2.2, 11.0) 6.3 (1.9,
10.7)

0.8 (0.0,
1.6)

0.9 (0.1, 1.7) 0.7 (−0.6,
2.1)

0.8 (− 0.6, 2.2)

10-yr
change

−5.9 (− 12.5, 0.7) − 6.3 (− 12.9, 0.3) 2.7 (− 1.6, 7.0) 2.2 (− 2.1, 6.5) 0.5 (− 0.3,
1.3)

0.5 (− 0.2, 1.3) 0.7 (− 0.7,
2.0)

0.8 (− 0.5, 2.1)

PCS

Baseline −4.0 (−10.6, 2.6) − 2.6 (− 9.6, 4.3) −5.1 (− 9.4, −
0.9)

− 4.0 (− 8.4,
0.5)

1.3 (0.6,
2.1)

1.2 (0.4, 2.0) 1.9 (0.6,
3.2)

1.7 (0.4, 3.1)

10-yr
change

−2.8 (− 9.2, 3.5) −2.0 (− 8.5, 4.5) −4.6 (− 8.7, −
0.5)

−3.7 (− 7.9,
0.5)

1.5 (0.7,
2.2)

1.4 (0.6, 2.2) 2.2 (1.0,
3.5)

2.1 (0.8, 3.4)

Statistically significant results are bolded
Model 1 is adjusted for baseline value of the activity variable, follow-up time, average accelerometer wear time, age, race, gender, education, smoking, and center
Model 2 adds adjustment for baseline and 10-year change in BMI
MCS SD = 8.83 points; MCS 10-year change SD = 9.07 points; PCS SD = 7.00 points; PCS 10-year change SD = 7.30 point
Abbreviations: BMI body mass index, cpm counts per minute, LPA light-intensity physical activity, MCS mental component score, MVPA moderate-to-vigorous
intensity physical activity, PCS physical component score, pts. points, ref. reference category, SB stationary behavior
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both short-bout MVPA (for MCS) and long-bout MVPA
(for PCS) could help preserve self-rated health during
midlife. Importantly, the magnitude of associations be-
tween baseline activity (per SD) and self-rated health
outcomes were small, about 1 to 1.5 pts. in self-rated
health. However, these effect sizes were similar to the
observed 10-year changes in MCS (+ 1.05 pts) and PCS
(− 1.54 pts), and therefore may be clinically important.
More associations were observed in the reverse direc-

tion (Fig. 1a). Higher baseline MCS was directly associ-
ated with 10-year change in mean total activity,
reflecting relative decreases in total and long-bout SB
and increases in short-bout SB and short-bout MVPA.
Higher baseline PCS was also associated with more fa-
vorable 10-year changes in activity levels (Fig. 1b) in-
cluding greater 10-year changes in mean total activity
and MVPA (total, short, and long-bout) and decreases in
SB (total and short-bout). As above, associations were
small in magnitude. For example, per SD of baseline
MCS, 10-year change in long-bout SB was 13.57 min
lower per day. Ten-year change in MVPA was about 3
min/day higher per SD of baseline PCS, which would
translate to ~ 20min per week. Again, however, when
considering that concurrent 10-year changes in this co-
hort were an unfavorable + 41min/day of long-bout SB

and − 6 min/day of MVPA, higher baseline MCS and
PCS could attenuate a meaningful proportion of these
longitudinal activity changes across midlife.
Our findings generally agree with the established dir-

ect association between higher MVPA and higher self-
reported health and/or quality of life. Reviews and meta-
analyses of observational research as well as exercise in-
terventions demonstrate a positive effect of MVPA on
various measures of self-reported health across a range
of patient populations [11–13, 37]. Associations on
whole-day activity patterns or components of physical
activity (SB, LPA, and MVPA) and self-reported health
have been less studied, especially in younger or middle-
aged adults. In a systematic review of correlates of sed-
entary behavior in adults [38], the majority of studies re-
ported an inverse association between total sitting time
and MCS (3 of 5), while most studies found null associa-
tions between total sitting time and PCS (4 of 6). How-
ever, the authors noted important limitations to the
studies informing the systematic review in that almost
all used self-reported measures of sedentary behavior
and cross-sectional designs. One cross-sectional study
evaluated whether total and mental self-rated health
were associated with accelerometer-measured activity
among 921 adults in the Health Survey for England.

Fig. 1 Summary of Bidirectional Associations between Accelerometer-Measured Activity Levels and Self-rated Mental Health (A) and Self-rated
Physical Health (B). Associations between baseline activity levels and 10-year changes in self-rated health are represented by white arrows
(including the reference group, where appropriate); associations of baseline self-rated health and 10-year changes in activity levels are
represented by the black arrows
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General self-rated health, but not mental self-rated
health, was directly associated with MVPA and no asso-
ciations were observed between self-rated health and SB
or LPA [39]. In contrast, a cross-sectional study from
South Korea found that isotemporal reallocation of time
to higher intensity accelerometer-measured activity (i.e.,
SB to LPA or MVPA; LPA to MVPA) was associated
with better overall self-rated health among young and
older adults, but not middle-aged adults [40]. Finally,
and most similar to our study, a recent cross-sectional,
compositional data analysis among 430 young and
middle-aged adults in Australia identified that alloca-
tions with higher accelerometer-measured MVPA (with
lower SB, LPA, or sleep) were consistently associated
with higher PCS, but not MCS, from the SF-12. Also,
similar to our observations, compositions with less SB
and more LPA were not associated with better self-rated
health, and were in fact associated with worse PCS [36].
Our longitudinal study extends these largely cross-
sectional findings and sheds more light on temporal as-
sociations, where more baseline MVPA in particular
may help preserve mental and physical self-rated health
across midlife.
We are unaware of other research evaluating longitu-

dinal associations of baseline self-rated health and pro-
spective changes in activity patterns. However, the
associations we observed, where higher self-rated health
was associated with more favorable 10-year changes in
activity levels, are consistent with our a priori hypoth-
eses. This is based on established research that identifies
lower perceived mental/physical health, mental health
symptoms and disorders, and reduced physical function
as barriers to physical activity and/or adherence in exer-
cise interventions [16, 18] Our longitudinal findings sug-
gest that these barriers may have a progressive impact
on activity patterns over time, identifying that subgroups
with lower self-rated mental and physical health may be
at higher risk for declining activity levels. Moreover,
mental and physical self-rated health may additionally
need to be addressed to improve overall activity levels in
clinical and community settings.
This analysis is strengthened by repeated,

accelerometer-based measures of SB and activity and
self-rated health in a large, biracial cohort. We were able
to adjust for important covariates, including progressive
adjustment for BMI which, though a potential mediator
of associations between activity and self-rated health, did
not typically explain observed associations. However, ex-
ternal validity could be limited by differences in our ana-
lytic sample that only included participants with
complete accelerometry and SF-12 data as compared to
all the CARDIA participants who completed the follow-
up exams of interest. Specifically, our sample tended to
be healthier (lower BMI and higher PCS) and to have a

higher proportion of whites and females. Though uncer-
tain, we expect this could have weakened the observed
bidirectional associations. Also, we were able to associate
changes in activity and self-rated health over only two
timepoints; more frequent repeated measures for ex-
ample using ecological momentary assessment could
strengthen conclusions. Our purposeful classification of
time spent in activity with < 100 cpm as ‘stationary’ re-
flects the limited ability of the devices used to detect
posture as well as non-ambulatory movement. Though
stationary time is often used as an estimation of seden-
tary time, it also includes other behaviors (e.g., stationary
standing) and should be interpreted with this caveat in
mind [16]. Also, though we carefully chose cut points
for short- and long-bout SB and MVPA based on the
previous literature [2, 14, 27–29], these remain some-
what arbitrary and future dose-response analyses are
warranted. Further, we lacked contextual information
about the activity behaviors we measured, and associa-
tions could have differed by domain (e.g., occupational
vs. leisure activities) [41]. Lastly, despite the strengths of
SF-12 to measure overall well-being with strong predict-
ive ability for health outcomes, individual personality or
perceptions (e.g., optimism, stoicism, or hypochondria)
may have introduced error in this self-reported measure
[5, 34].

Conclusions
Higher MVPA in exchange for lower SB in adults at
midlife was associated with improved preservation of
mental and physical self-rated health. At the same time,
lower self-rated health was associated with unfavorable
longitudinal shifts toward more SB and less MVPA.
These co-occurring effects have implications for re-
search and practice. First, cross-sectional associations
between activity levels and self-rated health are likely
overestimating effects in any one direction. Second, poor
activity levels (i.e., high SB and low MVPA) and low self-
rated health likely result in a feedback loop of adverse
bidirectional effects. This phenomenon would suggest
that individuals with poor self-rated health and activity
levels are at high risk for further declines. Health pro-
motion programming and interventions might need to
address self-rated health in additional to low levels of ac-
tivity to more effectively preserve or improve health dur-
ing midlife.
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