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Abstract

Background Despite the key role of physical activity in
the management of diabetes, many individuals with dia-
betes do not engage in the recommended levels of phys-
ical activity. However, our knowledge of the mechanisms
underlying the relationship between diabetes and phys-
ical inactivity is limited.

Purpose To investigate the associations between diabetes
and the levels and evolution of physical activity across
aging, and to determine whether physical, emotional,
and cognitive factors mediate these associations.

Methods Data from 105,622 adults aged 50-96 years from
the Survey of Health, Ageing and Retirement in Europe
(SHARE) were used in adjusted linear mixed models to
examine whether diabetes was associated with physical
activity levels and variations across aging. The potential
mediators were subjective energy, muscle strength, phys-
ical and cognitive disability, sleep problems, depressive
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symptoms, and cognitive functions. The variables were
measured up to seven times over a 13-year period.
Results Individuals with diabetes demonstrated a lower
level and a steeper decrease in physical activity across
aging than individual without diabetes. Mediators ex-
plained ~53% and 94% of the association of diabetes
with the level of physical activity and with the linear evo-
lution of physical activity across aging, respectively. All
mediators were significantly associated with physical ac-
tivity. Physical and cognitive disability as well as depres-
sive symptoms were the strongest mediators, while sleep
was the lowest one.

Conclusions These findings suggest that the etiology of
physical inactivity in individuals with diabetes can result
from several physical, emotional, and cognitive changes
associated with the emergence of this discase.

Keywords: Diabetes - Physical activity - Disability -
Emotions - Cognition - Aging - Depression

Introduction

Physical activity is important not only for the prevention
of diabetes, but also for its management [1-5]. Physical
activity facilitates this management through improved
regulation of the glycemic index and body weight and
the reduction of comorbidities [4-7]. Moreover, physical
activity reduces the risk of cardiovascular disease, which
is at least twice higher in individuals with than without
diabetes [8, 9]. Yet, many individuals with diabetes do
not engage in the recommended levels of physical activity
[10, 11]. Understanding the mechanisms underlying the
relationship between diabetes and physical inactivity is
thus warranted.

Physical inactivity in individuals with diabetes may
be explained by at least three types of intertwined
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pathways: physical, emotional, and cognitive. For in-
stance, regarding the physical pathway, previous studies
showed that diabetes was associated with higher fatigue
[12, 13], lower muscle strength [14-17], lower functional
independence in activities of daily living (ADL) and in-
strumental activities of daily living (IADL) [18, 19], and
more sleep impairment [20, 21]. Regarding the emotional
pathway, previous studies showed that diabetes was as-
sociated with emotional distress [22-25] and depression
[26-29]. Finally, regarding the cognitive pathway, nu-
merous reviews showed that diabetes was associated with
lower cognitive functioning [30-33].

The association between diabetes and these physical,
emotional, and cognitive conditions can reduce engage-
ment in physical activity. This suggestion is supported
by the literature showing that higher fatigue [34, 35],
lower cognitive functioning [36-40], and higher depres-
sive symptoms [41-43] are associated with lower physical
activity. In sum, on the one hand, a great deal of research
has shown that diabetes is associated with the impair-
ments in physical, emotional, and cognitive functions.
On the other hand, data support the effectiveness of
these multiple impairments on physical activity, thereby
suggesting that they could mediate the effect of diabetes
on physical inactivity (Fig. 1).

To the best of our knowledge, only one large-scale
cross-sectional international study has assessed the po-
tential mediation of the associations between diabetes
and physical activity by physical and emotional factors
[11]. This study, conducted in low- and middle-income
countries, showed that the negative association between
diabetes and physical activity was partially mediated
by physical factors (i.e., mobility, sleep/energy) and
emotional factors (i.e.,, pain/discomfort, depression).
However, despite its numerous strengths, this study relied
on a cross-sectional design, thereby providing relatively
weak evidence on the relationship between diabetes and

the age-related decline in physical activity. Moreover,
this study did not consider cognitive functioning as a po-
tential mediator. Yet, diabetes has been associated with
poor cognitive functions [30-33] and cognitive functions
have been associated with lower physical activity [38].
As such, cognitive functioning should be considered as
a potential mediator of the association between diabetes
and physical inactivity. In sum, current evidence on the
factors explaining the relationship between diabetes and
physical inactivity is weak.

The objective of the present study was to examine the
association between diabetes and the levels and evolu-
tion of physical activity across aging. We also assessed
whether these associations were mediated by physical,
emotional, and cognitive factors. We hypothesized that
diabetes would be associated with lower levels of phys-
ical activity (H1) and a steeper decrease in physical ac-
tivity over aging (H2). Based on previous results [11], we
also hypothesized that physical, emotional, and cognitive
factors would partly mediate these associations (H3).

Methods
Population and Design

Our analyses used data from the Survey of Health,
Ageing and Retirement in Europe (SHARE) [44], a
multidisciplinary longitudinal and cross-national data-
base of microdata on health, socioeconomic status,
and social and family networks of about 140,000 in-
dividuals aged 50 or older. SHARE comprises seven
waves of data collected every 2 years between 2004 and
2017, with some participants having started the study
at wave 1 and others later. In the current study, we used
data collected at wave 1 (2004-2005), 2 (2006-2007),
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Fig. 1. Diagram of the performed analyses. Note. The arrows represent the associations tested in the present study including the direct
effect of diabetes on physical activity level and evolution across aging (Model 1), as well as the mediator role of physical, emotional and
cognitive factors on these associations. The dashed arrow represents the direct effects of diabetes on the physical, emotional and cognitive
factors, which were not tested in this study. ADL, activities of daily living; IADL, instrumental activities of daily living.
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4 (2010-2011), 5 (2013), 6 (2015), and 7 (2017). The
survey was initially conducted in 11 countries (Austria,
Belgium, Denmark, France, Germany, Greece, Italy,
Spain, Sweden, Switzerland, and The Netherlands)
and other countries joined SHARE across waves.
Data were collected using computer-assisted per-
sonal interviews that increase the standardization of
the procedure and improve measurement reliability
between participants. Diabetes, physical activity, and
the potential mediators were assessed at each of these
waves. With the exception of grip strength and cogni-
tive functions (i.e., delayed recall and verbal fluency),
which were assessed using a handheld dynamometer
and tests respectively, all the variables were measured
using self-reported questionnaires. In wave 3 (2008-
2009), retrospective life-course data related to early
and adult-life socioeconomic conditions were col-
lected. This wave was not used in the current study
because it did not measure the predictors nor the
outcome. For the current analysis, we included data
for participants aged 50-96 years with at least one
measure of physical activity and each potential medi-
ator. SHARE (waves 1-4) was approved by the Ethics
Committee of the University of Mannheim. SHARE
(waves 4-8) was approved by the Ethics Council of the
Max Plank Society.

Measures
Physical Activity

Low-to-moderate physical activity was derived from
the question: “How often do you engage in activities
that require a low or moderate level of energy such as
gardening, cleaning the car, or doing a walk?” [45-47].
Participants answered on a four-point scale: 1, more
than once a week; 2, once a week; 3, one to three times a
month; 4, hardly ever, or never. In the statistical models,
the variable was reversed so that higher values indicated
higher physical activity.

Diabetes

Diabetes was derived from the question: “Has a doctor
ever told you that you had / Do you currently have any
of the conditions on this card?”; a card that includes
diabetes or high blood sugar [46]. It was specified that
this meant that a doctor had told the participants that
they had this condition, and that they were either cur-
rently being treated for or bothered by this condition.
If participants selected the option “Diabetes or high
blood sugar,” they were included in the analyses as
having diabetes.

Mediators

Subjective energy, grip strength, and ADL were included
as physical factors. Depressive symptoms and sleep prob-
lems were included as emotional factors. IADL, verbal
fluency, and delayed recall were included as cognitive
factors. Of note, some measures can tap into several di-
mensions. For instance, IADL includes items capturing
both physical (e.g., doing work around the house or
garden) and cognitive processes (e.g., taking medications
or saving money). Depression includes items tapping into
both physical (e.g., subjective energy) and cognitive (e.g.,
concentration) dimensions. In other words, the measures
predominantly target one dimension, but can also assess,
albeit to a lesser extent, other dimensions.

Subjective energy was derived from the question: “In the
last month, did you have too little energy to do things
you wanted to do?” Participants answered yes or no.
Grip strength was measured twice in both hands, alter-
nating between the hands, using a handheld dynamom-
eter (Smedley, S Dynamometer, TTM, Tokyo, 100 kg).
The mean of the maximum values obtained for each
hand was used as an indicator of muscle strength [48-50)].
When values for one hand were missing or were equal to
0, the measurement at this time point was excluded from
the analysis. Then, consistent with previous literature,
the cut-off for low muscle strength was computed based
on gender and body mass index (BMI) quartiles [51, 52]
following the Fried criterion (i.e., grip strength in the
lowest 20% adjusted for gender and BMI). For men with
BMI lower or equal to 24, between 24 and 26, between
26 and 28, and higher than 28 kg/m?, the cut-offs for low
muscle strength were <26, 29, 30, and 32 kg, respectively.
For women with BMI lower or equal to 23, between 23
and 26, between 26 and 28, and higher than 28 kg/m?, the
cut-offs for low muscle strength were 17, 17.3, 18, and
21 kg, respectively.

Physical and cognitive disability was measured using the
number of functional limitations in ADL and IADL, re-
spectively. Functional dependence in ADL was derived
from the index of Katz and Ford [53], which includes six
activities: dressing, walking across a room, bathing or
showering, eating, getting in or out of bed, and using the
toilet. Functional dependence in IADL was based on the
index of Lawton and Brody [54], which includes seven
activities: using a map, preparing a meal, shopping for
groceries, making telephone calls, taking medications,
doing work around the house or garden, and managing
money. In the analyses, participants were categorized
as having “no ADL (IADL) limitations” or “1 or more
ADL (IADL) limitations” [55].

Sleep problems were derived from the following question:
“Have you had trouble sleeping recently?” Participants
who answered “Trouble with sleep or recent change in
pattern” were considered as having sleeping problems,
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whereas participants who answered “No trouble sleeping”
were considered free of sleeping problems [56].
Depressive symptoms were measured using the
EURO-D scale [57, 58]. This scale includes the following
12 items: depression, pessimism, wishing death, guilt,
sleep, interest, irritability, appetite, fatigue, concentra-
tion, enjoyment, and tearfulness. Each item was coded 0
(symptom absent) or 1 (symptom present), generating an
ordinal scale ranging from 0 to 12 [59-61].

Verbal fluency was derived from the verbal fluency test
[62], in which participants name as many different ani-
mals as they can think of in 60 s. The score is the total
number of correctly named animals [63]. Verbal fluency
is thought to reflect executing functioning, which in-
cludes executive control or selective inhibition [64].
Delayed recall was captured using the 10-word delayed
recall test [65], in which participants listen to a list of
ten words that are read out loud by the interviewer.
Participants are asked to recall as many words as pos-
sible immediately after reading the wordlist and after the
verbal fluency tool place. The delayed recall score ranges
from 0 to 10 based on the number of words that the re-
spondent is able to recall [63]. The delayed recall is be-
lieved to reflect memory performance [66].

Covariates

The following covariates were used: gender (male, fe-
male), BMI, cardiovascular disease (a condition that
included a heart attack including myocardial infarc-
tion or coronary thrombosis or any other heart problem
including congestive heart failure; yes vs. no), hyper-
tension (i.e., high blood pressure or hypertension),
birth cohort [1919-1928, 1929-1938 (great depression),
1939-1945 (World War II), and post-1945], country of
residence (Austria, Belgium, Croatia, Czech Republic,
Denmark, Estonia, France, Germany, Greece, Hungary,
Ireland, Israel, Italy, Luxembourg, Netherlands, Poland,
Portugal, Slovenia, Spain, Sweden, Switzerland), educa-
tion (primary, secondary, tertiary), household’s ability to
make ends meet (easily, fairly easily, with difficulty, with
great difficulty), and attrition [no dropout, dropout (par-
ticipants did not respond to waves 6 and 7), death].

As prior research showed that these variables influ-
ence physical activity [38, 47, 67-70], they were added
as covariates in the models to examine the independent
effect of diabetes and the potential mediators on physical
activity. In addition, the models were adjusted for car-
diovascular diseases and hypertension because they are
comorbidities of diabetes [71-74]. BMI, cardiovascular
disease, and hypertension were used as time-varying
predictors, while the other covariates were used as time-
invariant predictors.

Statistical Analysis

Physical activity evolution across aging was estimated
in an accelerated longitudinal design [75] using mixed-
effects models [76]. These models account for the nested
structure of the data (here, multiple observations within
a single participant) and do not require an equal number
of observations across participants, thereby allowing
participants with missing observations to be included
in the analyses. In other words, all participants were in-
cluded in the analyses on the condition that they had par-
ticipated in at least one wave. All models had a random
intercept, a random linear slope, and a random quadratic
slope for participants that estimated each participant’s
engagement in physical activity and the rate of change
of this engagement across aging. The quadratic effect of
age was added to account for the potential accelerated
(or decelerated) change of physical activity across aging.

The first model examined the level of physical activity
and the change in physical activity across aging as a func-
tion of diabetes status, adjusting for prior covariates.
Diabetes status was used as a time-varying variable.
Therefore, participants can be included in the diabetic
group after the baseline assessment. Age was centered
at the midpoint of the sample’s age range (i.e., 73 years)
and was then divided by 10. Thus, a 1-unit change in the
coefficients yielded effects on the physical activity rate of
change over a 10-year period. The first model included
interaction terms between age (linear and quadratic) and
diabetes to assess whether diabetes modified the evolu-
tion of physical activity across aging. A statistically sig-
nificant interaction indicated that the rate of age-related
physical activity change was different depending on
whether individuals were diabetic or not.

The second model included all the time-varying me-
diators at the same time (i.e., subjective energy, grip
strength, IADL, ADL, sleep problems, verbal fluency,
delayed recall, and depressive symptoms), as well as their
interactions with age. This model allowed to assess the
overall percentage of the association between diabetes
and physical activity that was explained when all the
potential mediators were included together. In line with
previous studies [47], the decrease in the percentage of
the association between diabetes and physical activity
between the first model and this second model testing
the mediating variables was calculated as follows:

bModell - bModel with mediators % 100

bModet1

with b representing the coefficients of diabetes on phys-
ical activity. This percentage provided an estimate of
the proportional influence of the potential mediating
variables on the relationship between diabetes and phys-
ical activity. Finally, in a series of eight models, each
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potential mediator (i.e., subjective energy, grip strength,
IADL, ADL, sleep problems, verbal fluency, delayed
recall, and depressive symptoms), as well as their inter-
actions with age, were tested separately. This one-by-one
strategy allowed to assess the percentage of the associ-
ation between diabetes and physical activity explained
by a single mediator at a time. Statistical analyses were
performed using the Ime4 and ImerTest R packages [77-
79]. An estimate of the effect size for fixed effects was
reported using the marginal pseudo-R?, computed using
the MuMin package [80].

To minimize the impact of reverse causation bias, we
performed a sensitivity analysis where a time lag was
introduced between the time-varying predictors (i.e., dia-
betes and the potential mediators) and the outcome (i.e.,
physical activity). Specifically, for a given wave (except
for baseline), the time-varying predictors were assigned
the value of the preceding wave.

Results

Table 1 summarizes the characteristics of the partici-
pants by diabetes status at baseline. The study sample
consisted of 105,622 people (54.4% women, 11.1% with
diabetes), aged between 50 and 96 years. Having diabetes
at baseline (vs. not having diabetes) was associated with
older age, male sex, higher BMI, higher cardiovascular
disease, higher hypertension, higher depressive symp-
toms, higher sleep problems, higher dependence in ADL
and IADL, longer delayed recall, lower subjective energy,
lower muscle strength, lower verbal fluency, lower level
of education, and lower income. During the study, 9,067
(8.6%) participants died and 30,118 (28.5%) dropped out
for other reasons. On average, participants had two out
of six complete waves (information on all predictors and
outcomes). More specifically, the percentage of partici-
pants with one, two, three, four, five, and six measure-
ment waves was 39.9% (n = 42,133), 28.1% (n = 29,728),
18.3% (n = 19,345), 5.7% (n = 6,056), 4.4% (n = 4,598),
and 3.6% (n = 3,762), respectively. Descriptive statistics
are provided in supplemental material. The likelihood of
death was higher in individuals with than without dia-
betes at baseline (14.5% vs. 7.8%).

Associations Between Diabetes and Physical Activity

As hypothesized (H1), results showed that at the mid-
point of the sample age range (i.e., 73 years), individuals
with diabetes were less physically active than individuals
without diabetes (b = —.13, 95% CI: —.15 to —.11, p <
.001) (Table 2).

As hypothesized (H2), individuals with diabetes dem-
onstrated a steeper linear decline of physical activity

across aging compared to individuals without diabetes
(b = —.04, 95% CI: —.06 to —.02, p < .001) (Table 2;
Fig. 2). However, the association between diabetes and
quadratic evolution of physical activity was not signifi-
cant (p = .222).

Effects of All the Mediators

The model that included all the mediators explained
53.1% of the association between diabetes and physical
activity level, 93.9% of the association between diabetes
and linear evolution of physical activity, and 100% of
the (although not significant) association between dia-
betes and the quadratic evolution of physical activity
(Table 3). The association between diabetes and physical
activity levels remained significant (b = —.06, 95% CI:
—.08 to —.05, p <.001), which suggested that this associ-
ation was partly explained by the mediators. The associ-
ation between diabetes and linear evolution of physical
activity was not significant (b = —.01, 95% CI: —.02 to
.02, p = .797), which suggested that this association was
fully explained by the mediators. Overall, the model
including all the mediators explained 39.3% of the vari-
ance in physical activity.

Effects of Each Mediator

Results of the models that included one mediator at a
time further suggested that physical and cognitive dis-
ability (~16.9% for ADL; ~27.3% for IADL) and depres-
sive symptoms (~19.4%) explained the largest part of the
association between diabetes and the level of physical ac-
tivity, followed by subjective energy (~9.6%) and muscle
strength (~10.5%), then cognitive functions (~3.8% for
delayed recall; ~7.0% for verbal fluency), and finally
sleep (~2.6%). Regarding the factors explaining the link
between diabetes and the linear evolution of physical
activity across aging, results further revealed that phys-
ical and cognitive disability (~48.4% for ADL; ~58.1%
for IADL) and depressive symptoms (~35.0%) explained
the largest part of the effect of diabetes, followed by
verbal fluency (~21.6%), muscle strength (~17.2%) and
subjective energy (~13.2%), and finally by delayed recall
(~10.8%) and sleep (~5.8%) (Table 3).

Overall, the results of the sensitivity analysis were con-
sistent with the main analysis. However, the percentages
of the associations between diabetes and the levels and
evolution of physical activity across aging explained by
the mediators were weaker. Specifically, the model that
included all the mediators explained 30.6% (vs. 53.1%)
of the association between diabetes and physical activity
level, and 49.4% (vs. 93.9%) of the association between
diabetes and the linear evolution of physical activity (see
supplemental material).
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Table 1. Sample characteristics by diabetes status at baseline

No diabetes (N = 93,916) Diabetes (N = 11,706) p value
Physical activity outcomes
Low-to-moderate physical activity (1-4), SD 3.5 1.0 3.2 1.2 <.001
Mediators
Subjective energy

Low level of energy 30,349 32.3% 5,256 44.9%

Sufficient level of energy 63,567 67.7% 6,450 55.1% <.001
Muscle strength

Low muscle strength 10,782 11.5% 2,773 23.7%

Normal muscle strength 83,134 88.5% 8,933 76.3% <.001
ADL

No 86,718 92.3% 9,752 83.3%

Yes 7,198 7.7% 1,954 16.7% <.001
IADL

No 82,453 87.8% 8,778 75.0%

Yes 11,463 12.2% 2,928 25.0% <.001
Sleep problems

No 63,228 67.3% 6,868 58.7%

Yes 30,688 32.7% 4,838 41.3% <.001
Depressive symptoms 23 2.2 3.0 2.5 <.001
Delayed recall 3.8 2.1 3.2 2.0 <.001
Verbal fluency 20.0 7.5 18.0 7.3 <.001
Covariates
Age at baseline (years), SD 63.1 9.6 66.8 9.3 <.001
Gender

Female 51,586 54.9% 5,828 49.8%

Male 42,330 45.1% 5,878 50.2% <.001
Body mass index (BMI) 26.5 4.3 29.3 5.2 <.001
Cardiovascular disease

No 83,803 89.2% 9,067 77.5%

Yes 10,113 10.8% 2,639 22.5% <.001
Hypertension

No 62,423 66.5% 4,549 38.9%

Yes 31,493 33.5% 7,157 61.1% <.001
Education

Primary 20,732 22.1% 3,781 32.3%

Secondary 52,474 55.9% 6,188 52.9%

Tertiary 20,710 22.0% 1,737 14.8% <.001
Satisfaction with income

With great difficulty 10,530 11.2% 2,012 17.2%

With some difficulty 20,073 21.4% 3,158 27.0%

Fairly easily 28,251 30.1% 3,494 29.8%

Easily 35,062 37.3% 3,042 26.0% <.001
Countries

Belgium 8,025 8.5% 799 6.8%

Austria 5,004 5.3% 556 4.8%

Denmark 4,971 5.3% 360 3.1%

France 6,545 7.0% 717 6.1%
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Table 1. Continued

No diabetes (N = 93,916) Diabetes (N = 11,706) p value
Germany 6,912 7.4% 919 7.9%
Greece 5,072 5.4% 598 5.1%
Israel 2,472 2.6% 615 5.3%
Ttaly 6,564 7.0% 730 6.2%
Netherlands 5,260 5.6% 453 3.9%
Spain 6,424 6.8% 1,007 8.6%
Sweden 5,508 5.9% 509 4.3%
Switzerland 3,929 4.2% 261 2.2%
Czech Republic 6,496 6.9% 1,212 10.4%
Ireland 691 1% 70 .6%
Poland 2,414 2.6% 291 2.5%
Estonia 6,167 6.6% 793 6.8%
Hungary 2,246 2.4% 443 3.8%
Portugal 1,489 1.6% 327 2.8%
Slovenia 4,222 4.5% 552 4.7%
Luxembourg 1,626 1.7% 217 1.9%
Croatia 1,879 2.0% 277 2.4% <.001
Birth cohort
After 1945 53,300 56.8% 4,850 41.4%
Between 1939 and 1945 18,059 19.2% 2,793 23.9%
Between 1929 and 1938 16,670 17.7% 3,108 26.5%
Between 1919 and 1928 5,887 6.3% 955 8.2% <.001
Attrition
No drop out 59,304 63.2% 7,133 60.9%
Drop out 27,246 29.0% 2,872 24.6%
Death 7,366 7.8% 1,701 14.5% <.001

Note. Baseline = the first measurement occasion for each participant; SD = standard deviation; ADL = activities of daily living;
IADL = instrumental activities of daily living. p values are based on the analysis of variance and chi-square tests for continuous and cat-
egorical variables, respectively, testing the effect of diabetes (vs. no diabetes) on these variables.

Discussion
Main Findings

Because of the key role of physical activity in the man-
agement of diabetes, a better understanding of the fac-
tors explaining inactive lifestyles in this population
is warranted. The objective of this study was to inves-
tigate the association between diabetes and physical
activity across aging, and to determine which factors ex-
plained this association. Results of this large-scale lon-
gitudinal international study among older Europeans
(N =105,622; 21 countries) showed that having diabetes
was associated with a lower level of physical activity and
a steeper linear decline of physical activity across aging.
Moreover, we identified mediators that explained ~53%
of the association between diabetes and physical activity
levels and ~94% of the association between diabetes and
linear physical activity trajectories. Particularly, physical

and cognitive disability and depressive symptoms were
the strongest mediators of these associations, but all me-
diators explained at least a small part of the associations.
Hence, our study lends support for the suggestion that
physical, emotional, and cognitive conditions related to
diabetes can explain the low levels of physical activity in
individuals with diabetes.

Comparison with Other Studies

Our findings support previous studies showing a negative
association between diabetes and the level of physical ac-
tivity [8, 9] and extend these results by revealing the nega-
tive association between diabetes and linear evolution of
physical activity across aging. In other words, our study
adds to the existing literature by showing that diabetes is
associated not only with lower levels of physical activity,
but also with a steeper decline. Our results further re-
vealed that the association between diabetes and physical
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Table 2. Associations between diabetes and physical activity
(levels and trajectories)

Outcome: physical activity

b (95% CI) »

Fixed effects
Intercept 3.32(3.30; 3.34) <.001
-.30(-.32; -.29) <.001

—.11(-.12; =.10) <.001

Age (10-year follow-up)

Age? (10-year follow-up)
Diabetes (ref. no diabetes)
Having diabetes

Age x diabetes (ref. no diabetes)
Age X having diabetes

Age2 X diabetes (ref. no diabetes)
Age® X having diabetes

—13(-.15; -.11) <.001

—.04 (—.06; —.02) <.001

—=.01(—.02;.01) 222
Random effects

Participants

Intercept 32324
Age (10-year follow-up) 22670
Age? (10-year follow-up) 01993
Covariance

Intercept — Age (10-year follow-up) .39
Intercept — Age” (10-year follow-up) -.43
Age (10-year follow-up) — Age* (10- .66

year follow-up)
Residuals .58263

Note. All models were adjusted for gender (male, female), body
mass index (BMI), birth cohort, country of residence, education,
household’s ability to make ends meet, and participants’ attrition.
“Age (10-year follow-up)” and “Age (10-year follow-up) squared”
estimated the linear and quadratic changes in the engagement in
physical activity over a 10-year period.

4
"More than -
once a week"

3 ~
"Once a week" N
Diabetes
\ No diabetes

P % === Diabetes

"Less than - \
once a week" 3

Physical Activity

1
"Hardly ever, -
or never"

Age
Fig. 2. Associations between diabetes and the evolution of phys-
ical activity across aging. Note. All models were adjusted for
gender (male, female), body mass index (BMI), birth cohort,
country of residence, education, household’s ability to make ends
meet, and participants’ attrition. “Age (10-year follow-up)” and
“Age? (10-year follow-up)” estimated the linear and quadratic
changes in the engagement in physical activity over a 10-year
period, respectively.

activity level and evolution in old age is explained by
physical, emotional, and cognitive factors. These find-
ings are consistent with previous literature showing the
mediating role of physical and emotional factors on the
association between diabetes and physical activity [11].
However, to the best of our knowledge, our study is the
first to assess multiple types of mediators in a large-scale
longitudinal design, and to assess the influence of these
mediators not only on the level, but also on the evolu-
tion of physical activity across aging. Overall, the fact
that physical, emotional, and cognitive factors explained
a high percentage of the associations between diabetes
and physical activity suggests that they contribute to the
inactive lifestyles of individuals with diabetes.

Our findings showed that higher functional depend-
ence in physical (ADL) and cognitive activities of daily
living (IADL), as well as depressive symptoms, are the
largest mediators of the associations between diabetes
and physical activity level. These three variables were
followed by subjective energy and muscle strength, by
cognitive functioning, and finally by sleep. These re-
sults are consistent with the strength of the reduction
observed in a previous study [11], although some dif-
ferences can be noted. For example, the percentage of
reduction by depressive symptoms is about three times
larger in our study than in the one of Vancampfort
et al. [11] (~19.4% vs. 7%), while the effect of sleep is
about four times lower in our study (~2.6% vs. 11%).
At least two factors can explain these discrepancies.
First, the previous study relied on cross-sectional data,
which cannot accurately disentangle the effect of age
from the effects of other factors. Second, Vancampfort
et al. [11] involved individuals from low- and middle-
income (LMI) countries only, while our study involved
Europeans. Yet, the association between diabetes and
physical activity may differ in LMI countries because
of multiple factors including the disease profiles [81],
the knowledge regarding the health benefits associated
with regular physical activity [82], environmental fac-
tors such as working conditions or access to facilities
[83], and non-optimal chronic conditions treatments
[84, 85]. Finally, in our study, sleep problems and de-
pression were assessed using scales that were different
from the ones in Vancampfort et al. [11]. For example,
while we assessed depression with the EURO-D scale
[57, 58] and treated the depression score as a con-
tinuous variable, Vancampfort et al. [11] used the
DSM-IV algorithm and treated depression as a cat-
egorical variable (i.e., presence or absence of depres-
sive symptoms in the previous 12 months) [86]. These
different scales and approaches may explain some
slight discrepancies in the results. Yet, it is important
to note that the mediating role of depression observed
in the current study is consistent with the findings
from Vancampfort et al. [11].
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Table 3. Physical, emotional, and cognitive factors as mediators of the associations between diabetes and physical activity levels and evo-

lution across aging (Age and Age’)

Variables b (95% CI) P % explained
Model without mediators
Diabetes Level =13 (-.15;-.11) <.001
Age (10-year follow-up) —.04 (—.06; —.02) <.001
Age? (10-year follow-up) —-.01(-.02;.01) 222
Model including all the mediators
Diabetes Level —.06 (—.08; —.05) <.001 53.1%
Age (10-year follow-up) —-.01(-.02;.02) 197 93.9%
Age® (10-year follow-up) .01 (-.01;.02) 429 All
Models including one mediator
Depressive symptoms Diabetes Level -.11(-.12; =.09) <.001 19.4%
Age (10-year follow-up) —.03 (-.05; -.01) .009 35.0%
Age? (10-year follow-up) —-.01(-.02;.01) ST 54.2%
Depressive symptoms Level —.18 (-.18; -.17) <.001
Age (10-year follow-up) —.06 (—.07; —.06) <.001
Age? (10-year follow-up) —-.01(-.01; =.01) <.001
Subjective energy Diabetes Level -.12(-.14; —-.10) <.001 9.6%
Age (10-year follow-up) —.04 (-.06; —.02) .001 13.2%
Age? (10-year follow-up) —-.01(-.02;.01) 322 19.3%
Subjective energy Level -.22(-.23;-.21) <.001
Age (10-year follow-up) —.07 (—.08; —.05) <.001
Age2 (10-year follow-up) —.01 (—.02; —.00) .025
Grip strength Diabetes Level -.12(-.14; -.10) <.001 10.5%
Age (10-year follow-up) —.04 (-.06; —.01) .001 17.2%
Age? (10-year follow-up) —-.01(-.02;.01) 458 39.6%
Grip strength Level -.32(-.33; -.30) <.001
Age (10-year follow-up) —.03 (-.04; —-.01) <.001
Age? (10-year follow-up) —.03 (—.04; —.02) <.001
ADL Diabetes Level —.10 (-.13; —.09) <.001 16.9%
Age (10-year follow-up) —.02 (—.04; —.00) .035 48.4%
Age? (10-year follow-up) .00 (-.01; .01) 952 95.2%
ADL Level —.58 (—.59; —.56) <.001
Age (10-year follow-up) —.08 (—.10; —.06) <.001
Age? (10-year follow-up) .00 (-.01; .01) 913
IADL Diabetes Level —.10 (-.11; —.08) <.001 27.3%
Age (10-year follow-up) —.02 (-.04; .00) .082 58.1%
Age? (10-year follow-up) .00 (-.01; .01) 941 All
IADL Level —.58 (—.60; —.57) <.001
Age (10-year follow-up) —.12(-.13; —-.10) <.001
Age? (10-year follow-up) —.02(-.03; —.01) .001
Sleep Diabetes Level -13(-.15-.12) <.001 2.6%
Age (10-year follow-up) —.04 (-.06; —.02) <.001 5.8%
Age? (10-year follow-up) —-.01(-.02;.01) 294 14.2%
Sleep Level =.10 (-.11; -.09) <.001
Age (10-year follow-up) —.04 (-.06; —.02) <.001
Age? (10-year follow-up) —-.01 (-.02; —.00) .020
Verbal fluency Diabetes Level -.12(-.14; —-.11) <.001 7.0%

1 Z0Z JoqUISAON 90 UO Jesn "Og ‘epeuasud ap Jouadng uoioeonpg ap A eoynual) uoloebissAu| ap 01ua) Aq €781 19/406/6/SS/31o1e/wge/wod dno olwapeoe//:sdiy Wolj papeojumo(]



ann. behav. med. (2021) 55:904-917

913

Table 3. Continued

Variables b (95% CI) ¥4 % explained
Age (10-year follow-up) —.03 (-.05; -.01) .002 21.6%
Age? (10-year follow-up) —-.01(-.02;.01) 537 49.7%
Verbal Fluency Level 14(.13;.15) <.001
Age (10-year follow-up) .07 (.06; .07) <.001
Age? (10-year follow-up) .02 (.01; .02) <.001
Delayed recall Diabetes Level -.13(-.14; —-.11) <.001 3.8%
Age (10-year follow-up) —.04 (-.06; —.02) <.001 10.8%
Age? (10-year follow-up) —-.01 (-.02; .00) 325 19.5%
Delayed recall Level .07 (.06; .07) <.001
Age (10-year follow-up) .04 (.03; .05) <.001
Age? (10-year follow-up) .01 (.01; .02) <.001

Note. All models were adjusted for gender (male, female), body mass index (BMI), birth cohort, country of residence, education,
household’s ability to make ends meet, and participants’ attrition. “Age (10-year follow-up)” and “Age” (10-year follow-up)” estimated
the effect of diabetes in the linear and quadratic evolution in the engagement in physical activity over a 10-year period. The percentage of
the effect of diabetes on physical activity levels and evolution across aging explained by the variables were estimated based on the exacts
estimates, not on the rounded values presented in the table. The model including all the mediators was meant to test the overall per-
centage of the association between diabetes and physical activity that was explained by all the potential mediators. The models including

only one mediator at a time were meant to test the percentage of the association between diabetes and physical activity that was ex-

plained by this mediator of interest.

The variables included in the models were considered
as potential mediators in the association of diabetes
with physical activity, since previous studies observed
that diabetes is associated with the impairments in phys-
ical, emotional, and cognitive functions, impairments
which, in turn, are associated with lower physical ac-
tivity levels. Although a wide range of mediators was
tested, a substantial part of the association between
diabetes and physical activity remained unexplained in
the fully adjusted model (i.e., ~50%). Moreover, diabetes
remained directly associated with physical activity after
accounting for all the tested mediators. Therefore, con-
sidering factors that were not assessed in our study may
further improve our understanding of the relationship
between diabetes and physical activity. One of these fac-
tors could be motivation as it has been found to explain
physical activity in individuals with diabetes [87-89].
Likewise, factors related to diabetes complications such
as neuropathy, nephropathy, or foot damage, may reduce
the engagement in physical activity as they have been
associated with sensorimotor impairments and painful
movements [90-92].

Our study extends previous literature at least in two
ways. First, it assesses whether cognitive factors ex-
plained the relationships between diabetes and phys-
ical activity level. Results showed that this was the case
(~7.0% for verbal fluency; 3.8% for delayed recall), al-
beit in a modest way relative to the other factors. This
result confirms that cognitive functioning, which can be
required to counteract the human automatic tendency to

effort minimization [38, 93], can also influence the lack
of engagement in physical activity in older individuals
with diabetes. Second, our study shows that physical,
emotional, and cognitive factors not only explain the
link between diabetes and physical activity level, but also
between diabetes and changes in physical activity across
aging. As for the levels, functional dependence in phys-
ical and cognitive ADL, as well as depressive symptoms,
remained the largest mediators, while sleep remained the
lowest one. Of note, verbal fluency plays a stronger role
in explaining the evolution of physical activity across
aging (~21.6% for a linear change) compared with phys-
ical activity level (~7.0%). This finding is in line with pre-
vious studies showing that verbal fluency, an indicator
reflecting executive functioning [64], seems especially
relevant to explain the evolution of physical activity
across aging [38].

Strengths and Weaknesses

This study has several strengths. The first strength is to
rely on a large-scale longitudinal design. Second, we ap-
plied an analytical model well-suited to examine the as-
sociation of diabetes with not only physical activity level,
but also physical activity evolution (linear and quadratic)
over 46 years, from age 50 to 96. Third, we investigated
a wide range of potential mediators of the association
between diabetes and physical activity that are linked to
multiple dimensions of health (physical, emotional, and
cognitive).
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However, several limitations of this study should be con-
sidered. The first limitation is related to the measure of dia-
betes that is self-reported and did not allow to disentangle
between type 1 and type 2 diabetes. Yet, the mechanisms
underpinning the links between diabetes and physical ac-
tivity could be different depending on the type of diabetes
in this older population. Of note, because the prevalence of
diagnosed type 2 diabetes is higher than the prevalence of
diagnosed type 1 diabetes in the general population, most
of individuals with diabetes in our sample had likely type 2
diabetes [94, 95]. Yet, future studies should rely on an ob-
jective diagnostic allowing to differentiate between type 1
and type 2 diabetes. Likewise, the question used to assess
the diabetic status was worded to identify whether the par-
ticipants have had or currently had diabetes or high blood
sugar (i.e., Has a doctor ever told you that you had/do you
currently have diabetes or high blood sugar?). Accordingly,
this question captures the occurrence of diabetes across the
study duration, but not the potential resolution of type 2
diabetes. Second, our study was based on a self-reported
measure of physical activity that can over or under-estimate
the observed levels of physical activity [96]. Nevertheless,
this measurement bias can hardly explain the observed
associations between diabetes, mediators, and physical ac-
tivity. Using a device-based measure of physical activity,
such as accelerometer, remains however needed in future
studies. Third, attrition is selective, which is inevitable in
long-term prospective studies. Yet, we adjusted for attri-
tion in all our analyses, and mixed-effects models allowed
us to include participants with only one wave participation,
thereby leading to a less severe selection bias. Fourth, sub-
jective energy was measured with a binary variable (yes vs.
no) targeting the average level of perceived energy over the
last month. As such, this variable is thought to reflect a gen-
eral and stable state of energy perception rather than short-
term fluctuations of perceived energy. Hence, answering this
question can be difficult for participants who exhibit daily
or weekly fluctuations in the level of subjective energy. To
accurately assess the potential mediating role of subjective
energy between diabetes and physical inactivity, future
studies should rely on a measure with a shorter timeframe
(e.g., over the last week). Likewise, adopting a daily assess-
ment approach to examine daily fluctuations and how these
fluctuations impact physical activity could be particularly
meaningful [97]. Fifth, motivational predictors of physical
activity were not included in SHARE, while these variables
have been found to predict physical activity in individuals
with diabetes [87-89]. Finally, our analyses rely on correl-
ational data. Therefore, we cannot infer a causal relation-
ship between predictors and physical activity. However, the
results of the sensitivity analysis that included a time lag
between the predictors and the outcome to reduce the risk
for a potential reverse causation bias were consistent with
those of the main analyses.

Conclusion

Diabetes is associated with lower engagement in phys-
ical activity and steeper decline of this engagement
across aging. Physical, emotional, and cognitive factors
explain a substantial part of these relationships. Our
findings suggest that the etiology of physical inactivity
in individuals with diabetes can result from several phys-
ical, emotional, and cognitive changes associated with
the emergence of this disease. In such a vicious circle,
physical inactivity and other diabetic-related condi-
tions reinforce each other. As physical activity is essen-
tial to diabetes management, a better understanding of
the mechanisms underlying this vicious circle can help
health professionals to break it.
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