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Abstract

Background This study aimed to examine within-subject differences in levels of physical activity (PA) and sedentary
behavior (SB) among Flemish grandparents aged 50 years and older during a day of providing versus not providing
grandchild care. Additionally, grandparents’ PA and SB levels of the specific caregiving moment within the included
care day were also compared with those of the corresponding specific time frame on the matching non-care day.

Methods Data were obtained and pooled from three assessment time points of the Healthy Grandparenting
Project. Objectively measured PA and SB levels were assessed through ActiGraphs wGT3x(+) worn during waking
hours for seven consecutive days and expressed relative to the total wear time of the selected days or moments (i.e,,
percentage of time per day or per moment). Generalized linear mixed models were used to evaluate the within-
subject differences in grandparents’light intensity PA (LIPA), moderate-to-vigorous intensity PA (MVPA) and SB levels
between a care and non-care day as well as between the care and non-care moment of those respective days.

Results A total of 92 grandparents (64.6 +4.8 years, 67.4% women) were included in the analyses. During the care day
and care moment, grandparents showed higher relative levels of LIPA (A=4.0% and A=7.9%, respectively) and lower
relative levels of SB (A=3.7% and A=6.7%, respectively) as compared to their respective non-care day and non-care
moment (all p<0.001). While there was no significant difference in relative MVPA levels between a day of providing
versus not providing grandchild care (A=0.3%, p=0.500), the grandparents showed significantly lower relative levels of
MVPA during the specific care moment against the non-care moment (A=1.3%, p=0.029).

Conclusions The higher percentage of time of LIPA and lower percentage of time spent on SB during a care day
and care moment compared to a non-care day and non-care moment, highlight the positive impact of grandchild
care provision on grandparents’ activity levels, potentially improving other health-related outcomes. Furthermore,
grandparents seem to compensate for their lower MVPA levels during the actual care moment since no differences in
MVPA levels were found at day level when compared to a day without grandchild care.
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Background

Over the last decades, the share of aging adults in the
general population has increased substantially [1]. A large
part of this increase can be attributed to improved living
conditions, such as better hygiene, sufficient food supply
as well as improved medical and health care [2—4]. If the
current demographic trend of our aging society contin-
ues, 30.3% of the European population is expected to be
aged at least 65 years and 13.2% to be aged 80 years and
older, by 2070 [5]. As a result, there has been a notable
upsurge in research interest on healthy aging lately, being
defined as “the process of developing and maintaining the
functional ability that enables well-being in older age” [6].

Additional socio-demographic trends, such as more
women in the labor force and a higher rate of divorces,
have resulted in an increased demand for child care
[7-9]. Furthermore, public services of formal child care
(e.g., nurseries, independent daycare professionals and/
or childminders) are becoming more and more scarce [7,
8, 10, 11]. Therefore, parents often have to find alterna-
tive care options, especially for their young(er) children
[7]. Furthermore, family relationships across more than
two generations are becoming increasingly important in
today’s aging societies [12], with grandparents tending to
play a significant role in providing care for their grand-
children [7, 13]. As grandparents make up a large part
of the middle-aged and older adult population [14], and
given the importance of healthy aging [6], considerable
research attention has been paid to grandparents’ health
in relation to their caregiving activities. Furthermore,
grandchild care provision has been associated with better
physical and mental health, improved cognitive function-
ing and overall well-being in grandparents [15-18].

As a specific health-promoting behavior, physical
activity (PA) has been proven to contribute to the pre-
vention of several non-communicable diseases (e.g.,
cardiovascular diseases, cancer, diabetes) [19]. Further-
more, adequate levels of PA seem to prevent falls in
elderly and could retain and/or improve their cognitive
and functional ability [19]. As such, being sufficiently
physically active has been proven to increase the likeli-
hood of healthy aging by 39%, and also to facilitate the
maintenance of one’s general well-being later in life [20,
21]. Yet, most adults over the age of 50 years do not meet
the weekly recommended guidelines of aerobic activ-
ity volume (i.e., engaging in moderate-intensity aerobic
PA (MPA) for 150-300 min per week or 75—-150 min of
vigorous-intensity aerobic PA (VPA) per week) [19, 22,
23]. On top of being sufficiently physically active, it is also
important for middle-aged and older adults to decrease

and regularly interrupt their sedentary behavior (SB) [23].
Earlier research has shown that those adults who exhibit
lower levels of SB were more likely to age in a healthy
manner, given the association with less overweight/obe-
sity as well as a decreased mortality risk resulting from a
variety of diseases [24]. However, evidence also indicated
that more than two-thirds of the aging adult population
spend 60—80% of their waking hours while sitting or lying
down, which corresponds to no less than 8.5 h per day
[25]. Therefore, it is important to monitor and better
understand variations in both PA and SB levels in view of
healthy aging [26].

Given that providing care for one’s grandchildren may
lead to the performance of new and/or additional (physi-
cal) tasks, such as lifting or carrying, feeding, bathing
them as well as playing (on the floor) and/or going for
a walk together, it could influence grandparents’ health
indirectly through associated changes in PA and SB
levels [27]. Yet, little is known about the relationship
of providing care for grandchildren on grandparents’
energy-expenditure related behavior. Preliminary results
of the Healthy Grandparenting Project (HGP), in which
the impact of providing non-residential grandchild care
on levels of PA and SB in people aged 50 years and older
was examined, indicated that caregiving grandparents
(i.e., grandparents who provide care for their grandchil-
dren more than once a month) showed higher amounts
of light intensity PA (LIPA) and lower amounts of SB on
a weekly basis as compared to non-caregiving grand-
parents (i.e., grandparents who provide care for their
grandchildren only once a month or less) and non-grand-
parents [28]. However, it remains unclear whether these
between-subject differences in higher levels of LIPA and
lower levels of SB among the caregiving grandparents
were obtained during the actual provision of care for
their grandchildren (as a direct result) or whether they
were more active during their own free time when not
being in charge of grandchild care (as an indirect result).
In order to better understand the possible impact of pro-
viding grandchild care on both grandparents’ PA and SB
levels, it is essential to investigate this in more detail.

Therefore, the aim of the present study was to address
this gap and scrutinize within-subject differences in the
levels of PA and SB among grandparents aged 50 years
and older on a day of providing grandchild care versus a
day without providing grandchild care (i.e., care day vs.
non-care day) in a non-residential setting. Moreover,
grandparents’ levels of PA and SB of the respective care
moment during the included care day (i.e., care moment)
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were compared to the corresponding time frame on the
matching non-care day (i.e., non-care moment).

Methods

Study design and participants

This comparative study was conducted using data from
the HGP, which investigated the impact of providing
non-residential grandchild care on PA and SB levels
in people aged 50 years and older. Participants for this
overarching HGP were recruited from June to August
2021 through various ways, including (social) media
advertisement (e.g., Facebook) and via elderly move-
ments in Flanders (e.g., Gezinsbond, OKRA 55+), for
which a flyer was created and distributed. Additionally,
local preschools and child day care centers were con-
tacted to facilitate the recruitment of participants by dis-
tributing flyers to the children’s (grand)parents. In view
of this larger HGP, individuals aged 50 years and older,
with and without non-residential grandchildren, were
recruited through convenience sampling. The HGP used
a prospective cohort study design, conducting measure-
ments at three assessment time points, each separated by
a 6-month time interval. The current study used pooled
data from each of these HGP assessment time points
(i.e., TO, T1, and T2) situated between September 2021
and December 2022. This resulted in an increased num-
ber of observations, potentially amplifying the statistical
power of the analyses. Only grandparents who provided
written informed consent before the start of the study
were considered for inclusion. Additionally, eligibility for
the current study required these grandparents to provide
care for one or more grandchild(ren), with at least one
child aged between 0 and 5 years, during the data col-
lection week of each assessment time point. Details of
the sampling frames, methodology, assessments and the
self-report questionnaire used in the overarching HGP
have been reported elsewhere [29]. The HGP study pro-
tocol was approved by the Medical Ethics Committee of
the local University Hospital (UZ Brussel, Brussels, Bel-
gium; B.U.N. 1432020000017). The study was conducted
according to the guidelines of the Declaration of Helsinki
and its later amendments.

Procedure and measurements

The majority of participating grandparents of the HGP
indicated that in a typical week they provided care for
their grandchildren once a week, encompassing non-res-
idential and supplementary care. Therefore, this once a
week frequency serves as the rationale for comparing one
care day with one day without care in the present study
[28]. Furthermore, at each assessment time point of the
HGP, all measurements were performed by the principal
investigator (i.e., MV, last author of this manuscript) dur-
ing visits at the participants’ homes. During these home
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visits, the participating grandparents’ anthropometric
characteristics (i.e., body height and body weight) were
objectively determined [29]. Moreover, participants were
instructed to wear an ActiGraph wGT3X(+) for seven
consecutive days in order to obtain objective PA and SB
data, starting from the day after the home visit. During
each assessment week, the grandparents had to keep a
diary in which they had to register the moments when
they took off the accelerometer (e.g., during water-based
activities). Furthermore, the grandparents were also
asked to register all moments of grandchild care in the
absence of the children’s parent(s) during each assess-
ment week. An additional self-report questionnaire was
used to obtain socio-demographic information of both
the grandparents and their grandchild(ren). All acceler-
ometer devices, completed diaries and questionnaires
were received by postal return.

Anthropometrics and Socio-demographic characteristics
Various anthropometrics of the grandparents were mea-
sured during the home visit, according to the guide-
lines of the International Society for the Advancement
in Kinanthropometry [30]. Both body height (up to the
nearest 0.1 cm) and body weight (up to the nearest 0.1 kg)
were determined using a SECA 213 and TANITA MC-
780MA S, respectively. From these results, participants’
body mass index (BMI, in kg/m®) was calculated, by
dividing their body weight by their squared body height.
Furthermore, a self-report questionnaire was used to
obtain socio-demographic information about the grand-
parents and their grandchild(ren). Participants’ date of
birth, sex and employment status were questioned, as
well as the number of grandchildren within the family
at the moment of the home visit and the corresponding
birth date and biological sex of each of these grandchil-
dren. The socio-economic status (SES) of the grandpar-
ents was estimated based on their highest educational
attainment [31]. Participants who completed higher edu-
cational studies were classified as ‘higher SES; while those
with lower educational attainment were categorized as
‘lower SES’ [31].

Physical activity (PA) and sedentary behavior (SB)

Participants’ PA and SB levels were objectively mea-
sured by means of a hip-worn ActiGraph wGT3X(+).
This instrument already demonstrated excellent validity
and reliability in terms of assessing PA and SB in middle-
aged and older adults [32]. The accelerometer, which was
attached to an elastic band, was worn at the height of the
iliac crest on the right side of the body with the black but-
ton facing upwards. The grandparents were instructed to
wear the accelerometer all day, during the seven consecu-
tive days following each home visit, except when sleep-
ing, performing water-based activities or activities where
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a disturbing effect could be experienced by wearing the
device (e.g., yoga, karate). Furthermore, the participants
were asked to keep a diary to register all activities per-
formed during their waking hours when not wearing the
accelerometer along with the duration and the self-expe-
rienced intensity of those activities (i.e., light, moderate
or vigorous). In addition, they were asked to write down
the time of getting up and going to sleep. By generating
an activity count proportional to the measured accelera-
tion in epochs of 30s, the ActiGraph accelerometer mea-
sured the frequency and duration of PA and SB as well as
the intensity of PA.

Data processing and terminology
As the purpose of this study was to compare grandpar-
ents’ levels of PA and SB on a day when grandchild care
was provided (i.e., care day) versus a day without provid-
ing grandchild care (i.e., non-care day), it was decided to
compare one care day with one matching non-care day
within each subject per assessment time point. The selec-
tion of the respective care day and non-care day from
each data collection week was based on the information
obtained from the completed grandchild care diaries.
These diaries provided us with information on the date
of the grandchild care moment, the duration of grand-
child care as well as the number of grandchildren simul-
taneously cared for, together with the sex and the age of
those grandchildren. In view of the present study, a care
day was defined as a weekday on which at least two con-
secutive hours of grandchild care were provided to one or
more grandchild(ren), including at least one grandchild
aged 5 years or younger, in the absence of the child(ren)’s
parent(s). Days with less than two hours of consecutive
grandchild care or weekend days (which usually involve
fewer routine activities compared to weekdays, possibly
impacting daily PA and SB levels) were not included. In
addition, only days during which the accelerometer was
worn uninterruptedly were included. In order to be con-
sistent, the first care day of each assessment week (i.e.,
when the grandparent was wearing the accelerometer
device) fulfilling all of the abovementioned grandchild
care criteria was determined as the care day. A non-care
day was defined as a weekday on which no care was pro-
vided at all to any grandchild and during which the accel-
erometer was also worn continuously. Additionally, a
matching non-care day of which the accelerometer total
wear time was closest to that of the selected care day was
then included for within-subject comparative purposes.
For each selected care day, particular attention was
given to the specific time frame during which grandchild
care was actually provided as recorded by the grandpar-
ents in their diaries (i.e., care moment). To ensure consis-
tency, this care moment was subsequently compared with
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the corresponding time frame on the included non-care
day (i.e., non-care moment) for each of the grandparents.
After the selection of the care day and non-care day
as well as the respective care moment and non-care
moment within each participant per assessment time
point, the levels of PA and SB of these specific days and
moments were calculated using ActiLife software version
6.13.4 based on the collected raw accelerometer data.
All PA related outcome measures (i.e., LIPA, MPA and
VPA) were expressed relative to the total wear time of the
day or the total wear time of the moment (i.e., percent-
age of time per day or percentage of time per moment,
respectively). All values were calculated conform the pro-
tocol of Freedson et al. [33], with LIPA corresponding
to 101-1951 counts per minute, MPA corresponding to
1952-5724 counts per minute, and VPA as >5724 counts
per minute. For the current study, participants’ levels of
moderate-to-vigorous intensity PA (MVPA) were calcu-
lated by summing the values of MPA and VPA. Further-
more, SB was defined as <101 counts per minute [33]. SB
related outcome measures were also expressed relative
to the total wear time (i.e., percentage of time per day or
percentage of time per moment) during waking hours of
the day or the moment under investigation, respectively.

Statistical analysis

All data were analyzed using R (R Studio version 4.2.3).
Multilevel mixed models were used to assess within-
subject differences in LIPA, MVPA and SB between
the care day and non-care day as well as between the
care moment and non-care moment for each grandpar-
ent. Two-level models (i.e., repeated measures clustered
within participants) were applied for each analysis. The
distributions of the dependent variables (i.e., LIPA,
MVPA and SB percentages) were first checked using
histograms and QQ-plots. The values of LIPA and SB
were found to be normally distributed for both days and
moments, whereas MVPA values were non-normally
distributed (i.e., positively skewed) for both days and
moments. Therefore, generalized linear mixed models
(GLMMs) with Beta variance and logit link functions
were constructed for the LIPA and SB percentages and
GLMMs with Gamma variance and log link functions
were applied for the MVPA percentages using the lmer()
and glmmTMB() function of the R packages Ime4 [34]
and glmmTMB [35], respectively. In case of convergence
problems or a singular fit, greater accuracy for evaluating
the adaptive Gauss-Hermite approximation to the log-
likelihood was allowed. To this end, the nAGQ-argument
of the glmer function was set to two or more [34]. Note
that this argument defaults to one, corresponding to the
Laplace approximation [34]. In total, six separate mod-
els were constructed, including LIPA, MVPA or SB as an
outcome variable compared between the care day versus



Vanhove et al. European Review of Aging and Physical Activity

Table 1 Characteristics of the total study sample of individual
participants (N=92)
Characteristics

Percentage or mean +SD

(2024) 21:11

Page 5 of 12

Table 2 Grandchild characteristics and durations of the within-
subject comparisons based on all individual data entries across
the three assessment time points (N=166)

Sex
Female (%) 674
Age (years) 64.6+4.7
BMI (kg/m?) 249435
Underweight (%) 0.0
Normal weight (%) 576
Overweight (%) 315
Obese (%) 10.9
Employment status
Retired (%) 739
Socioeconomic status (SES)
Higher (%) 68.5

N: number of participants; BMI: body mass index; SES: socio-economic status;
SD: standard deviation. The above results were calculated using the baseline
data of the participants at their initial assessment time point

non-care day as well as the care moment versus non-care
moment within participants. Since pooled data from the
HGP’s TO, T1, and T2 were used in the analyses, consid-
ering the potential influence of these different assessment
time points on the within-subject difference in PA and
SB levels between the care day and non-care day as well
as the care moment and non-care moment, all models
were controlled for this aspect. When there was an influ-
ence of the difference in assessment time points, the dif-
ference for the respective outcome variable according to
the provision of care (per day or per moment) was sepa-
rately analyzed within each assessment time point. In all
other cases, the differences were examined regardless of
assessment time point. Data visualization was performed
by using the ggplot2-package [36] and the sjPlot-package
[37] based on the predicted values of the outcome vari-
able. The models used for our statistical analyses were
not corrected for any of the grandparents’ characteristics
(e.g., their age or sex), as it turned out not to be neces-
sary to correct analyses for participants’ characteristics
as these will not differ within a person in a relative short
measurement period of one week (per assessment time
point). For all analyses, p-values<0.05 were considered
statistically significant.

Results

After applying the in- and exclusion criteria, data from
92 grandparents who met the predefined criteria were
retained for the current study. Among these partici-
pants, 36 grandparents participated at only one assess-
ment time point (i.e., 36 within-subject comparisons), 38
grandparents participated at two assessment time points
(i.e., 76 within-subject comparisons), and 18 grandpar-
ents participated at all three assessment time points (i.e.,
54 within-subject comparisons). This resulted in a total
of 166 within-subject comparisons (i.e., 166 care vs.

Characteristics Percentage or mean+SD

Average number of GC* per GP 1.6+£0.8
Mean age of GC? (years) 34+20
Combination of sex of GC*

Only boys (%) 440

Only girls (%) 30.1

Combination (%) 259
Duration of care day (min.day™") 9156+77.9
Duration of non-care day (mm.day") 910.0+63.3
Duration of care moment (min.day™") 3423+187.0
Duration of non-care moment (mm.day’w) 3423+187.0

N: number of observations / within-subject comparisons; GP: grandparent; GC:
grandchild; SD: standard deviation; ®: grandchild(ren) specifically being cared
for on the care days selected for analyses

non-care day comparisons as well as 166 care vs. non-
care moment comparisons) of grandparents’ PA and
SB levels. Appendix I provides an overview on how the
individual data entries were distributed over the differ-
ent assessment time points (see Table A). The partici-
pant selection process for each assessment time point is
described in more detail in Appendix II (see Table B).

Our total study sample of 92 grandparents, providing
care for their grandchild(ren), had an overall mean age
of 64.61+4.7 years and consisted for 67.4% out of women.
Furthermore, 57.6% of the total study sample had a nor-
mal BMI (i.e., 18.5-24.9 kg/m?), 68.5% had a higher SES
and 73.9% of the participating grandparents were already
retired. On average, grandparents provided care for one
or two grandchildren simultaneously, who had a mean
age of 3.412.0 years. More detailed study sample charac-
teristics are presented in Tables 1 and 2.

The average duration of a day on which grandchild care
was provided, as indicated by the total ActiGraph wear
time, was 915.6%+77.9 min (i.e., 15.3£1.3 h). On a day on
which no grandchild care was provided, this total dura-
tion averaged 910.0+63.3 min (i.e., 15.2%1.1 h). Further-
more, the average duration of an equally time-framed
care and non-care moment was 342.3+187.0 min (i.e.,
5.7£3.1 h) (Table 2). Appendix III presents the average
duration of time spent by our included participants in
the different PA intensity levels and SB during an aver-
age care vs. non-care day (see Table C) as well as dur-
ing an average care vs. non-care moment (see Table D)
over the 166 observations. Moreover, Appendix IV shows
boxplots to visually depict the variations in care day and
non-care day total wear times and the variations in care
moment and non-care moment durations, allowing for
a clearer understanding of the data distribution, also
including the minimum and maximum values.
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Care day versus non-care day

Table 3 presents the crude means and standard devia-
tions of relative LIPA, MVPA and SB levels (expressed as
a percentage of the total wear time) during the care day
and the non-care day. For the comparison of LIPA levels,
significantly higher levels were found during the care day
compared to the matching non-care day at TO (A5.8%;
p<0.001) and at T1 (A4.5%; p<0.001) (see Table 4).
Regardless of time point, the comparison of MVPA lev-
els showed no significant difference between the care
day and the non-care day (A0.3%; p=0.500) (see Table 4).
Additionally, when comparing grandparents’ SB levels
between the care day and the non-care day, grandpar-
ents demonstrated lower SB levels during the care day
compared to the non-care day both at TO and T1 (A6.0%,
p<0.001; A4.3%, p<0.001; respectively) (see Table 4).

Care moment versus non-care moment

Table 5 presents the crude means and standard devia-
tions of relative LIPA, MVPA and SB levels (expressed as
a percentage of the total moment time) during the care
moment and the corresponding non-care moment. For
the comparison of LIPA levels according to the provision
of grandchild care at the specific time frame within the
day, significantly higher levels were found during the care
moment compared to the non-care moment (A=7.9%;
p<0.001) (see Table 6). Concerning the comparison
of MVPA levels, grandparents exhibited significantly
more percentage of their time in MVPA during the non-
care moment compared to the care moment (A=1.3%;
p=0.029) (see Table 6). Additionally, when comparing
grandparents’ SB levels between the care moment and
the non-care moment, significantly lower levels were
found during the care moment compared to the cor-
responding non-care moment (A=6.7%; p<0.001) (see
Table 6).

Discussion

As part of the larger HGP, the present study examined
within-subject differences in PA and SB levels among
Flemish grandparents aged 50 years and older between a
day of providing grandchild care (i.e., care day) versus not
providing grandchild care (i.e., non-care day) as well as
during the actual care moment versus the corresponding
non-care moment (within the selected care and matching
non-care day).

When comparing grandparents’ relative LIPA and
SB levels during the care moment versus the non-
care moment, grandparents turned out to obtain sig-
nificantly higher levels of LIPA and lower levels of
SB when providing grandchild care. Moreover, the
same significant within-subject differences in terms
of higher LIPA and lower SB levels on the care day
against the non-care day were observed at TO and T1,
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Table 3 Crude means of PA and SB levels during a care day and
a non-care day

Outcome variables Mean+SD
Light intensity physical activity (LIPA) (% of time/day)

Care day 335+86
Non-care day 295+94

Moderate-to-vigorous intensity physical activity (MVPA) (% of
time/day)

Care day 37+33
Non-care day 40+4.1
Sedentary behavior (SB) (% of time/day)

Care day 62.8+9.2
Non-care day 66.5+10.0

SD: standard deviation; LIPA: light intensity physical activity; MVPA: moderate-
to-vigorous intensity physical activity; SB: sedentary behavior. The symbol “%”"
is used to indicate a percentage. In this case, these percentages indicate the
proportion of total time spent on physical activity (PA) and sedentary behavior
(SB) relative to the total wear time (i.e., care day or non-care day). It indicates the
proportion of time spent on PA and SB relative to 100 (i.e., corresponding with
the total accelerometer wear time during waking hours) and can help provide a
general understanding of how much time was spent on these different activity
levels

Table 4 Differences in PA and SB levels during a care day vs. a
non-care day

Estimates (95% Cl) p-value
Light intensity physical activity (LIPA)°
Non-care day (Ref. = Care day)
T0 0.75(0.67;0.84) <0.001*
T1 0.81(0.73;0.90) <0.001%
T2 0.93 (0.82; 1.05) 0.240
Moderate-to-vigorous intensity physical activity (MVPA)°
Non-care day (Ref. = Care day) 1.08 (0.86; 1.35) 0.500
Sedentary behavior (SB)*
Non-care day (Ref. = Care day)
T0 1.31(1.17;1.48) <0.001*
T 1.21(1.09; 1.35) <0.001*
T2 1.04 (0.92;1.17) 0.538

? Generalized linear mixed models with Beta variance and logarithmic
link functions; ® Generalized linear mixed models with Gamma variance
and logarithmic link functions; Ref.: reference category; Values represent
exponentiated regression coefficients and confidence intervals; *: significantly
different (p<0.05) from the care day

although these differences were less pronounced than
when comparing the respective moments during these
days. These observations are complementary with the
preliminary findings of an earlier case-control study
conducted within the HGP, indicating that caregiving
grandparents (i.e., grandparents who provide care for
their grandchildren more than once a month) showed
higher amounts of LIPA and lower amounts of SB on
a weekly basis compared to non-caregiving grand-
parents (i.e., grandparents who provide care for their
grandchildren only once a month or less) and non-
grandparents [28]. Therefore, the results of the current
study can indicate that these elevated LIPA levels and
reduced SB levels observed in caregiving grandparents
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Table 5 Crude means of PA and SB levels during a care moment
and a non-care moment

Outcome variables Mean+SD
Light intensity physical activity (LIPA) (% of time/moment)
400£119
Non-care moment 321138

Moderate-to-vigorous intensity physical activity (MVPA) (% of
time/moment)

Care moment

Care moment

Non-care moment 55+8.1
Sedentary behavior (SB) (% of time/moment)

55.7+£129
624+156

SD: standard deviation; LIPA: light intensity physical activity; MVPA: moderate-
to-vigorous intensity physical activity; SB: sedentary behavior. The symbol
“%" is used to indicate a percentage. In this case, these percentages indicate
the proportion of total time spent on physical activity (PA) and sedentary
behavior (SB) relative to the total moment time (i.e., care moment or non-care
moment). It indicates the proportion of time spent on PA and SB relative to 100
(i.e., corresponding with the total accelerometer wear time during the specific
moment) and can help provide a general understanding of how much time was
spent on these different activity levels

Care moment
Non-care moment

Table 6 Differences in PA and SB levels during a care moment
Vs. a non-care moment

Estimates p-value
(95% ClI)

Light intensity physical activity (LIPA)

Non-care moment (Ref. = Care moment) 0.75 (0.67; <0.001*
0.85)

Moderate-to-vigorous intensity physical activity (MVPA)®

Non-care moment (Ref. = Care moment) 1.31(1.03; 0.029*
1.57)

Sedentary behavior (SB)®

Non-care moment (Ref. = Care moment) 133 (1.19; <0.001*
1.50)

? Generalized linear mixed models with Beta variance and logarithmic
link functions; ® Generalized linear mixed models with Gamma variance
and logarithmic link functions; Ref.: reference category; Values represent
exponentiated regression coefficients and confidence intervals; *: significantly
different (p<0.05) from the care moment

are likely to be a direct result of providing care for
their grandchildren.

Looking more closely into the MVPA levels of the
caregiving grandparents participating in the present
study, significantly lower MPVA levels were found when
comparing their care moment with the corresponding
non-care moment as specific time frames. However, no
within-subject differences in relative MVPA levels were
observed between the care day and the non-care day.
These results are also in line with the previously men-
tioned case-control study conducted within the HGP
[28], where preliminary findings showed no significant
differences between grandparental subgroups for MVPA
levels on a weekly basis. Additionally, the results of the
present study suggest that grandparents seem to com-
pensate for their lower MVPA levels during the actual
care moment since no differences in MVPA levels were
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found at day level when comparing a day with versus a
day without grandchild care provision.

Combining our results with a suggestion made by a
previous study, it may thus be plausible that grandpar-
ents replace their habitual SB levels with LIPA when
providing care for their grandchildren [38]. Addition-
ally, this was partially confirmed in previous research
examining determinants influencing grandparents’ PA
and SB levels while taking care for their grandchildren
[39]. Participating grandparents in this latter qualita-
tive study revealed that they felt the need to be con-
stantly engaged with their grandchild(ren) when in
charge of grandchild care, and thus could nearly be
sedentary [39]. Additionally, research of Sneed et al.
[40] indicated that when grandparents are actively
engaged in caregiving tasks, they mostly have to meet
the needs of their grandchildren, which may involve
various physical tasks (e.g., bending, lifting, sitting and
playing on the floor) and/or pursuits (e.g., walking,
doing trips, going to a park). Being engaged in these
type of activities during grandchild care was also con-
firmed by the grandparents participating in the previ-
ously cited qualitative study [39]. Yet, looking more
closely into the intensity of these activities, almost
all activities can be categorized as LIPA according to
the Compendium of Physical Activities of Ainsworth
[41]. Furthermore, it was found that providing care for
young(er) children (i.e., aged under 3 years) requires
much more focused attention and light intensive care
of the caregiver in comparison to providing care for
school-aged children [42]. Consequently, since the
grandchildren being cared for in the current study had
a mean age of only 3.4 years, this could partly clarify
the significantly higher grandparental LIPA levels and
lower SB levels on the care day when compared to
the matching non-care day within the participating
grandparents.

Grandparents taking part in the previously mentioned
qualitative study also indicated that the limited mobil-
ity of young(er) grandchildren (with a restricted range of
movement due to not having reached their full potential
in terms of locomotion) and the fact that these young(er)
grandchildren are not (yet) able to participate in certain
activities (such as walking or biking) with the same inten-
sity and distance as the grandparents were used to them-
selves might lead them to lower levels of MVPA due to
the provision of grandchild care [39]. As such, this adap-
tation to the somewhat less intensive activity levels of the
young(er) grandchild(ren) might be a possible explana-
tion for our finding of grandparents’ lower MVPA levels
during the actual care moment compared to the non-
care moment in the present study. Furthermore, during
periods without caregiving responsibilities, grandpar-
ents may have more freedom to determine their own
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activities, with fewer constraints or adjustments related
to the grandchild(ren)’s needs, potentially resulting in
higher levels of MVPA during those non-care moments.
As the results of the current study demonstrated that
providing care for grandchildren in a non-residential
setting may act as an unconscious facilitator to improve
one’s LIPA levels and decrease one’s SB levels, the provi-
sion of grandchild care offers potential benefits in view
of other health-related outcomes for grandparents. In
this study, grandparents spent an average duration of
342.3+187.0 min with their grandchild(ren) during a
care moment. During this average care moment dura-
tion and based on the percentages reported, they thus
devote an average of 137.0+40.7 min to LIPA compared
to 109.9£47.2 min of LIPA during a non-care moment
(A=27.1 min). Additionally, they engaged in SB for an
average of 190.7+44.2 min during a care moment as
opposed to 213.6£53.4 min during a non-care moment
(A=22.9 min). Evaluating the potential health benefits of
the increased levels of LIPA among grandparents is chal-
lenging due to the absence of established WHO guide-
lines for this particular intensity of PA [23]. However, the
systematic review by Warburton et al. [43] demonstrated
that replacing some SB with LIPA (even for a small num-
ber of minutes per day) is effective in obtaining some
health benefits. Improving one’s LIPA levels does not
require special time commitments or planning, as these
activities are typically already part of one’s daily routine
[44]. Since grandparents demonstrated higher LIPA lev-
els and lower SB levels on a care day compared to a non-
care day, and the fact that this within-subject difference
was even more pronounced when comparing the care
moment with the non-care moment, grandchild care can
potentially contribute to the health of grandparents in a
positive way. However, the benefits of caring for grand-
children may extend beyond PA effects in contributing to
the health of grandparents. The social interaction inher-
ent to caring for grandchildren facilitates better men-
tal and social well-being, reduced stress and an overall
improved quality of life [45, 46]. Moreover, as individu-
als age, the act of caring for grandchildren becomes even
more beneficial as it helps alleviate feelings of loneliness,
which is a common issue associated with aging [47, 48].
Furthermore, a substantial 61% of child care facility staff
expresses that the workload is excessively demanding
[49]. However, alleviating the pressure on child day care
centers can be achieved by involving grandparents in the
regular care of their grandchildren, offering an additional
societal benefit. For example, one could extenuate and
encourage the extension of parental leave arrangements
to grandparents who are still active on the labor market
and providing other (financial) incentives for already
retired grandparents, allowing them to assist with child
care. Existing policy responses include subsidizing child
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care provided by grandparents (as in the Netherlands),
offering more flexible work schedules or adjusting retire-
ment schemes [38]. Nevertheless, some family experts do
not favor the option of too extensive child care provided
by grandparents due to their potential negative influence
such as isolation or developmental delays for the children
themselves as they do not interact with other age-related
peers [50]. Additionally, it should be noted that grand-
parents who provide daily care for their grandchildren
may also experience adverse effects on their health due
to the increased pressure and stress associated with these
educational responsibilities [38]. As such, care moments
which are too extensive, long and frequent may leave
grandparents with little or no time to compensate for cer-
tain behaviors during the remainder of the day, resulting
in lower MVPA levels across the day in its entirety which
may indirectly affect their overall health [38]. Therefore,
future research on the topic should investigate methods
to promote grandparents’ (MV)PA levels while providing
care for their grandchild(ren). It is also crucial to explore
initiatives to ensure that even with intensive caregiv-
ing responsibilities, these duties do not adversely affect
grandparents’ (MV)PA levels and their related health
benefits.

Strengths and limitations

A first strength of this study is that it is the first one
to examine within-subject differences in levels of PA
and SB among grandparents at a day and the specific
moment within that day when providing care for their
grandchild(ren) compared to corresponding times when
they do not. Secondly, all data of PA and SB levels were
obtained objectively by means of accelerometry, increas-
ing the reliability and accuracy of data collection as well
as reducing measurement errors.

A first potential limitation of our study could be seen
in the variation with regards to the duration of the
(non-)care moments. The types of activities under-
taken with the grandchildren during these moments
may largely depend on the available time frame and the
particular moment of the day during which care was
provided. As revealed in an earlier focus group study,
grandparents noted that longer care moments tended
to facilitate more engagement in PA [39]. For instance,
a full day of caregiving seemed to allow grandparents
to explore various activities and locations with their
grandchildren, resulting in increased PA levels. How-
ever, evening care sessions occurring after school,
typically involve tasks like bathing the grandchildren,
preparing meals and engaging sedentary activities,
such as watching movies or reading together [39]. It
is imperative to acknowledge that grandparents’ per-
sonal experiences may differ in this respect. On the
other hand, the fact that — on average — higher levels
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of LIPA and lower levels of SB were found in grand-
parents, despite the variable duration of the selected
care moments (of at least two consecutive hours), can
also be viewed as a strength. Another restriction of
this study, however, pertains to the subjective nature
of the grandchild care diary reports. The precision and
timeliness with which grandparents completed these
diaries remains somewhat uncertain. For instance,
if grandparents filled out the diary at the end of the
measurement week, there is a possibility of recall
bias influencing the accuracy of the recorded grand-
child care information. However, despite the potential
reporting biases, previous research has shown that
self-reported measures are valid when used at group
level [51]. Moreover, some context factors (e.g., where
grandchild care was provided, whether grandparents
provided this care alone or with their partner, whether
grandparents worked on the selected days or not) were
not assessed. Such information could be useful as they
may have played a crucial role in the type of activities
and the intensity of the activities to engage in with
or without the grandchild(ren) [39]. Another aspect
to consider is the potential variability in the intensity
of school days for school-aged children on weekdays.
For instance, Wednesdays in Flanders (Belgium) are
typically half days of school, which could influence the
range and timing of activities that are feasible to con-
duct during the provision of grandchild care on that
specific day. An illustration of this is that Wednesday
afternoons often offer more opportunities for outings
and multiple activities, more than likely leading to
increased physical engagement for both grandparents
and their grandchildren [39]. However, by systemati-
cally selecting the first care day of the week meeting all
the predefined inclusion criteria, only for one-fourth
of the grandparents a Wednesday was selected as the
care day to be included in the analyses. Eventually, it is
important to consider that the way grandparents care
for their grandchild(ren) can differ given diversified
family structures and according to sociocultural con-
text within other countries and/or cultures [52, 53].
Therefore, the findings of the current study should be
interpreted with caution in terms of their representa-
tiveness and generalizability.

Conclusions

Grandparents exhibited significantly higher levels of
LIPA and lower levels of SB during the actual care
moment of the care day compared with the correspond-
ing non-care moment on the non-care day. This pattern
of within-subject differences was consistent when the
care day was compared with the non-care day. The higher
percentage of time of LIPA and lower percentage of time
spent on SB highlight the positive impact of providing
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grandchild care among middle-aged and older adults in
view of their energy-expenditure related behavior, poten-
tially improving other health-related outcomes in grand-
parents. Although caring for one’s grandchild(ren) was
found to be beneficial for grandparents’ LIPA and SB
levels, grandparents also seem to compensate for their
lower MVPA levels during the actual caregiving moment
during the remainder of the care day. The present study
highlights the importance of recognizing caregiving for
one’s grandchildren as an important window of opportu-
nity in view of improving middle-aged and older adults’
PA and SB levels as well as the potential benefits thereof
in promoting an active lifestyle, contributing to healthy

aging.
Appendix |

Table 7 Overview of the number of valid individual data entries
over the different assessment time points (N=92), resulting in
166 within-subject comparisons

n (%)
18 (19.6%

Valid data for 70, T1 & T2
Valid data for TO only 12 (13.0%,
Valid data for T1 only 14 (15.2%
Valid data for T2 only 10(10.9%
Valid data for TO &T1, but not T2 14 (15.2%,
Valid data for T1 & T2, but not T3 14 (15.2%
Valid data for TO & T2, but not T1 10 (10.9%)

Data were collected at three different assessment time points with a fixed time
interval of approximately 6 months in between. N/n: number of individual
participants; TO=baseline, T1=6 months; T2=12 months

Appendix Il

Within the larger HGP, 162 grandparents participated
in the baseline assessment (i.e., T0), 157 in the second
assessment time point (i.e., T1) and 162 in the third
assessment time point (i.e., T2). Of these participants,
respectively 67, 66 and 69 grandparents did not pro-
vide care for their grandchild(ren) during the same
week in which the accelerometer-derived PA and SB
levels were obtained. Additionally, 42 grandparents at
TO, 30 grandparents at T1, and 41 grandparents at T2
did not meet the predetermined study inclusion crite-
ria. Table B presents a comprehensive list of the study
specific exclusion criteria applied to the grandparen-
tal study participants across the three assessment time
points.

Table 8 Exclusion criteria applied to the grandparental study
participants across the three assessment time points
Time assessment

Exclusion criteria T1 T2 T3
(N=42) (N=30) (N=41)
GP only cared for GC older than 5 years 5 12 11

during the care day
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Table 8 Exclusion criteria applied to the grandparental study
participants across the three assessment time points
Time assessment

Exclusion criteria T1 T2 T3
(N=42) (N=30) (N=41)

The care moment was shorter than 2 11 3 10

consecutive hours

GP only provided care to their GCdur- 9 6 13

ing the weekend

No match for the selected care day with 4 2 0

a suitable non-care day was found

GP provided care to a disparate number 13 7 5

of GC during the care moment

GP provided care for the same number 0 0 2

of grandchildren, but at different, non-
consecutive periods during the care day

N:number of excluded participants per assessment time point; GP: grandparent;
GC: grandchild(ren)

Appendix Il

Table 9 Average duration of PA and SB levels during an average
care and non-care day

Outcome variables Mean+SD
Light intensity physical activity (LIPA) (min.day ')

Care day 306.7+78.7
Non-care day 268.5+855

Moderate-to-vigorous intensity physical activity (MVPA) (min.
day™ ')

Care day 3394302
Non-care day 364+37.3
Sedentary behavior (SB) (min.day™')

Care day 5740+84.2
Non-care day 605.2£91.0

SD: standard deviation; LIPA: light intensity physical activity; MVPA: moderate-
to-vigorous intensity physical activity; SB: sedentary behavior. The total
duration of an average care day is 915.6 min and 910.0 min for the average non-
care day

Table 10 Average duration of PA and SB levels during an
average care and non-care moment

Outcome variables Mean+SD
Light intensity physical activity (LIPA) (min.moment™')

Care moment 137.0+40.7
Non-care moment 109.9+47.2

Moderate-to-vigorous intensity physical activity (MVPA) (min.
moment™ )

Care moment 144+236
Non-care moment 188+27.7
Sedentary behavior (SB) (min.moment™')

Care moment 190.7+44.2
Non-care moment 2136+534

SD: standard deviation; LIPA: light intensity physical activity; MVPA: moderate-
to-vigorous intensity physical activity; SB: sedentary behavior. The total
duration of both the average care moment and corresponding non-care
moment is 342.3 min
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Appendix IV
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Fig. 1 Variability in duration of the care days and non-care days. The hori-
zontal line in the middle of the box represents the median value, while
the cross within the box marks the mean. The lower and upper bound-
aries of the box indicate the 25th and 75th percentiles (e, Q1 and Q3),
respectively. Whiskers above and below the box indicate the maximum
and the minimum values. Outliers, defined as values 1.5 times the inter-
quartile range away from both the upper and lower edges of the box, are
indicated by dots
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Fig.2 Variability in duration of the care moments and non-care moments.
The horizontal line in the middle of the box represents the median value,
while the cross within the box marks the mean. The lower and upper
boundaries of the box indicate the 25th and 75th percentiles (i.e, Q1 and
Q3), respectively. Whiskers above and below the box indicate the maxi-
mum and the minimum values

Abbreviations

BMI Body mass index

GP Grandparent(s)

HGP Healthy Grandparenting Project
LIPA Light intensity physical activity
MPA Moderate intensity physical activity

MVPA  Moderate-to-vigorous intensity physical activity
PA Physical activity

SB Sedentary behavior

SD Standard deviation

SES Socio-economic status

VPA Vigorous intensity physical activity
WHO  World Health Organization
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