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Abstract

Background: Sedentary behaviors are associated with adverse health outcomes in

older adults. The feasibility of behavioral interventions in this population is unclear.

Methods: In the Sit Less, Interact, Move More (SLIMM) trial of 106 participants who

had obesity, those randomized to the SLIMM intervention (N = 54) were instructed

to replace sedentary activities with stepping. An accelerometer was used to mea-

sure physical activity. In this secondary analysis, mixed effect models were used to

examine the effects of the SLIMM intervention on sedentary and stepping durations

and steps/day by age (<70 and ≥ 70 years).

Results: Mean ages in the <70 years (N = 47) and ≥70 years (N = 59) groups were

58� 11 and 78� 5. In the older subgroup, compared to standard‐of‐care (N= 29), the

SLIMM intervention (N = 30) significantly increased stepping duration (13, 95%CI 1–

24 min/d, p = 0.038) and steps per day (1330, 95% CI 322–2338, p = 0.01) and non‐
significantly decreased sedentary duration by (28,95% CI −61–5 min/d, p = 0.09). In

the age<70 subgroup, there was no separation between the standard of care (N= 23)

and SLIMM (N = 24) groups.

Discussion: In older adults who had obesity, SLIMM intervention significantly

increased stepping duration and steps per day. Interventions targeting sedentary

behaviors by promoting low intensity physical activity may be feasible in this

population.
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1 | INTRODUCTION

Therewere ~36.5millionUS adults≥70 years of age in 20191 and they
represent an important and rapidly growing segment of the US pop-

ulation.2 Prominent public health concerns in this population are

related to physical impairment, cognitive decline, and other chronic

non‐communicable illnesses. In persons aged 70 to <80, 80 to <90
and ≥ 90 years, the prevalence of dementia is 5%, 24% and 37%,

respectively while the proportion of individuals needing assistance

with activities of daily living like personal care in those aged 65–74,

75–84 and ≥ 85 years are 3.9%, 8.0% and 21.1% respectively.3,4

Physical impairment and cognitive decline are major drivers of

impaired quality of life,5,6 nursing home admissions,7,8 increased

health care costs9,10 and mortality11 in older adults; hence, improving

independence, quality of life, physical function, and cognitive function

in older adults is an imperative public health concern.

Sedentary behaviors are spending most of the awake time in

activities in seated or lying postures that are characterized by a

metabolic equivalent of task (MET) of 1.0–1.5.12 The term “exercise”

is typically applied to moderate or vigorous intensity physical activ-

ities (MVPA; ≥3 METs). Adults aged 65 or older need at least

150 min/week of moderate intensity activity or 75 min/week of

vigorous‐intensity activity.13 Physical inactivity (the lack of achieving
weekly MVPA goals) and sedentary behaviors (spending most of the

awake time in sitting/recumbent posture) are not synonymous. They

represent distinct domains as one could be physically active (achieve

the weekly goal of 150 min/week of MVPA) but still spend the rest of

the awake hours sedentary.14

Evidence from epidemiological studies and small pilot interven-

tional studies suggest that sedentary behavior is associated with

obesity, frailty, cognitive impairment, chronic kidney disease (CKD)

and diabetes in older adults.15–18 There is consensus that sedentary

activities must be decreased19; however, it is unlikely that MVPA

could be an effective replacement for sedentary activities as

achieving the currently recommended levels of 2.5 h/week of MVPA

would account only for 2% of the total awake time (112 h/week). In

the general US population, most US adults do not reach the current

MVPA goals20,21 and achieving the weekly MVPA goal might be even

more difficult in older adults with decreased physical function.

Therefore, lowering sedentary duration in older adult populations by

replacing sedentary behaviors with non‐sedentary light intensity

physical activities (1.6–2.9 METs) may be more feasible than

increasing MVPA.

However, there are conflicting data on whether sedentary

behavior in older adults could be replaced with light intensity ac-

tivities.22,23 Therefore, the current analysis was conducted to test

the hypothesis that an intervention seeking to replace sedentary

duration with stepping duration is potentially feasible in older adults

using the data from the Sit Less, Interact, Move More (SLIMM)

Study,24 a 24‐week randomized controlled trial of a sedentary

behavior intervention in 106 participants with chronic kidney disease

(NCT02924298).

2 | METHODS

Details of the SLIMM Study has previously been published.24 This 24‐
week, pilot, single center, open‐labeled, randomized controlled trial

was conducted at The University of Utah and recruited participants

from 23 March 2017 to 15 December 2018. The study was spon-

sored by the National Institute of Diabetes and Digestive Kidney

Diseases and was approved by the University of Utah Institutional

Review Board and conforms to the provisions of the Declaration of

Helsinki. The study is listed at clinicaltrials.gov (NCT02970123).

Informed consent was obtained from trained staff members.

2.1 | Study population

In brief, 106 participants with CKD stages 2–5 (or on maintenance

hemodialysis or kidney transplant recipient), BMI between 25.0 and

39.9 kg/m2, gait speed of at least 0.7 m/s, and the ability to walk at

least 250 m in a six‐minute walk test were randomly assigned to the
SLIMM intervention or standard of care. Pregnancy, incarceration,

life expectancy <1 year, unlikely compliance to the protocol per

primary provider opinion, the inability to obtain accelerometer data

before randomization, enrollment in other interventional trials using

drugs or devices, and inability to ambulate were exclusion criteria.

Block randomization was performed by the Research Electronic Data

Capture system with a 1:1 allocation sequence generated at the

beginning of the study.

2.2 | Intervention

Details of the SLIMM intervention have previously been published.24

Physical activity was measured using a validated25,26 activPALTM ac-

tivity monitor worn on mid‐thigh for 7 days before the baseline and

every 4 weeks in the SLIMM group (N = 54) and baseline and every

8 weeks in the standard of care group (N = 52). The additional follow‐
up visits in the SLIMMgroup are part of the intervention. Based on the

activity monitor data, the SLIMM group was provided individualized

instructions on reducing sedentary duration and increasing stepping

duration. Participants were provided a graphic display that outlined

the times that theyweremost sedentary. They completed aworksheet

outlining their current physical activity goals and weekly measures of

physical activity. Participants were providedwith detailed guidance on

times during the day that they should get up from sedentary postures
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and perform low intensity activities. The standard of care arm pro-

vided national guidelines on physical activity.

2.3 | Outcomes

The primary outcomes for the SLIMM Study were sedentary and

stepping durations, which were defined as the time spent sedentary

or stepping during awake hours as determined from the activPAL

output. In this post‐hoc analysis, sedentary duration, stepping dura-
tion, and steps per day were compared between participants age

<70 years and those age ≥70 years.

2.4 | Statistical methods

Demographic characteristics, comorbid conditions, clinical features,

and physical activity measurements were compared between groups

with age <70 and ≥70 years. Categorical variables were summarized
as counts (%) and analyzed using a chi‐squared or Fisher's exact test if
any expected counts were less than five. Continuous variables were

summarized as mean and standard deviation or median and

interquartile range (IQR) and analyzed using a t‐test or Wilcoxon rank

sum test as appropriate. Variables were compared between the stan-

dard of care and SLIMM intervention within age <70 and ≥70 groups.
Mixed effect models were used to conduct randomized com-

parisons of the effects of the intervention in participant age

≥70 years and those <70 years. Unstructured covariance models

were applied to account for serial correlation in each outcome over

time. Utilizing the intention to treat principle, treatment effects of

age subgroup on the mean levels of sedentary and stepping durations

and the number of steps/day were estimated across the follow‐up
assessments at week 8, 16, and 24 for both subgroups.

Primary conclusions were derived from comparisons between

age subgroups and randomized groups. Between age subgroups and

treatments, the adjusted mean follow‐up levels were compared to

baseline levels to summarize changes within the individual random-

ized groups, recognizing that these changes are subject to bias from

regression to the mean and other sources.

In sensitivity analyses, the average of the adjusted mean levels of

outcomes in both age subgroups were compared across the 8, 12, 16,

20 and 24‐week assessments in the SLIMM arm to the average

adjusted mean level across the 8, 16 and 24‐week assessments in the
standard of care arm (all time‐points analyses).

F I GUR E 1 CONSORT flow diagram of study participants.
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All data were analyzed using STATA version MP 15.0 or SAS

version 9.4. In this study, hypothesis testing was conducted using 2‐
sided α = 0.05 without adjustment for multiple comparisons.

3 | RESULTS

Of the 106 SLIMM Study participants, 59 (56%) were age ≥70 years

and 54 (51%) were randomized to the SLIMM intervention (Figure 1).

The mean ages of <70 and ≥70 years subgroups were 58 � 11 and

78 � 5 years, respectively (Table 1). Compared to the younger sub-

group, in the older subgroup, there was a higher proportion of

women (30% vs. 53%, p = 0.02) and Caucasians (79% vs. 98%,

p = 0.001). The eGFR levels were similar in those without ESRD

(46 � 13 vs. 44 � 13 mL/min/1.73 m2). However, CKD stages 4/5

were more prevalent in the younger age group (32% vs. 12%,

p = 0.02). There was a higher proportion lost to follow‐up in the

younger group compared to the older group (15% vs. 2%, p = 0.001)

(Figure 1).

Baseline sedentary duration (641 � 151 vs. 653 � 107 min/d)

and steps/d (6228, interquartile range 3146–8446 vs. 4910, inter-

quartile range 4026 to 6470 steps/d) were not statistically different

between age groups. However, stepping duration (98 � 61 vs.

75 � 26 min/d, p = 0.01) and physical function measured by gait

speed (1.1 � 0.2 vs. 1.0 � 0.2 m/s, p = 0.03) and six‐minute walk

distance (402 � 69 vs. 373 � 61 m) were significantly lower in the

older age subgroup. Baseline characteristics were balanced across

the standard of care and SLIMM arms within the age subgroups

(Table 2).

3.1 | Randomized comparisons between treatment
arms of the SLIMM intervention effects on sedentary
and stepping durations and steps per day by age
subgroups

In the younger subgroup, there was no separation between the

treatment arms in sedentary and stepping durations and the number

TAB L E 1 Baseline characteristicsa of

study participants by age subgroups.
Age

<70 years

Age

≥70 years

p‐valueN = 47 N = 59

Demographics

Age, years 58 � 11 78 � 5

Female, n (%) 14 (30) 31 (53) 0.02

White race, n (%) 37 (79) 58 (98) 0.001

Comorbid conditions

Type 2 diabetes, n (%) 16 (34) 20 (34) 0.99

Cardiovascular diseaseb n (%) 13 (28) 15 (25) 0.80

Stroke, n (%) 5 (11) 7 (12) 0.84

Clinical features

Baseline eGFR of those not

on dialysis/kidney transplant

46 � 13 44 � 13 0.46

CKD stages, n (%) 0.02

Stage 2/3a 20 (43) 25 (42)

Stage 3b 12 (26) 27 (46)

Stage 4/5 15 (32) 7 (12)

Baseline body fat, % 30 (23, 36) 34 (26, 41) 0.06

Physical activity measurements

Sedentary duration, min/d 641 � 151 653 � 107 0.62

Stepping duration, min/d 98 � 61 75 � 26 0.01

Number of steps/d 6228 (3146, 8446) 4910 (4026, 6470) 0.26

Gait speed m/s 1.1 � 0.2 1.0 � 0.2 0.03

Six‐minute walk distance, m 402 � 69 373 � 61 0.02

aMean � standard deviation or median (interquartile range) are presented for continuous variables.
bCoronary artery disease, congestive heart failure, or peripheral vascular disease.

532 - ABRAHAM ET AL.



of steps (Figure 2, Panel A‐C). In the older subgroup, there was a

clear separation. In the SLIMM arm of the older subgroup, compared

to baseline, sedentary duration decreased by 58 (95% CI 24–91)

min/d at week 20 but this attenuated to 35 min/d (95% CI −1 to 71)
at week 24 (Figure 2, Panel D). The maximum increase in stepping

duration (21, 95% CI 10–32 min/d at week 20) and the number of

steps (1900, 95% CI 829–2970 at week 16) in the SLIMM arm in the

older subgroup also attenuated at week 24 (Figure 2, Panels E and F)

The changes from baseline to the average of weeks 8, 16 and 24

in sedentary and stepping durations and steps per day within each of

the treatment arms and between arms differences by age subgroups

in mixed effects models are summarized in Table 3. In the younger

TAB L E 2 Baseline characteristicsa by
intervention arms in age subgroups.

Age <70 Age ≥70

Standard
of care

SLIMM
intervention

Standard
of care

SLIMM
intervention

n = 23 n = 24 n = 29 n = 30

Demographics

Age, years 58 � 10 57 � 13 78 � 5 78 � 6

Female, n (%) 9 (39) 5 (21) 16 (55) 15 (50)

White race, n (%) 16 (70) 14 (88) 28 (97) 30 (100)

Comorbid conditions

Type 2 diabetes, n (%) 6 (26) 10 (42) 11 (38) 9 (30)

Cardiovascular diseaseb n (%) 9 (39) 4 (17) 9 (31) 6 (20)

Stroke, n (%) 2 (9) 3 (13) 4 (14) 3 (10)

Ever smoked, n (%) 15 (65) 12 (50) 8 (28) 6 (20)

Past or current alcohol, n (%) 18 (78) 17 (71) 11 (38) 14 (47)

Clinical features

Baseline eGFRb 43 � 13 48 � 13 45 � 11 43 � 14

CKD stages, n (%)

Stage 2/3a 7 (30) 13 (54) 12 (41) 13 (43)

Stage 3b 7 (30) 5 (21) 15 (52) 12 (40)

Stage 4/5 9 (39) 6 (25) 2 (7) 5 (17)

Baseline systolic BP, mmHg 134 � 20 123 � 16 133 � 21 133 � 16

Baseline diastolic BP, mmHg 83 � 14 77 � 14 70 � 9 70 � 9

Baseline body fat, % 29 (22, 36) 31 (27, 37) 35 (30, 40) 30 (25, 41)

Physical activity measurements

Standardized sedentary duration,

minutes per day

622 � 168 659 � 134 662 � 90 645 � 122

Standardized stepping duration,

minutes per day

105 � 60 92 � 63 78 � 27 72 � 25

Steps per day 6432 (3826,

8834)

5564 (2998,

7224)

4882 (4158,

6654)

4922 (3876,

6138)

Screening gait speed, m/s 1.1 � 0.2 1.1 � 0.2 1.0 � 0.2 1.0 � 0.2

Screening six‐minute walk distance,
m

403 � 60 402 � 78 370 � 59 376 � 64

Screening body mass

index, kg/m2

30.4 � 3.6 32.2 � 4.6 30.6 � 3.8 29.3 � 2.7

Note: For comparison of Standard of Care versus SLIMM groups in participants age <70 years,

p = 0.047 for systolic BP. Other p‐values were not significant.
aMean � standard deviation or median (interquartile range) are presented for continuous variables.
bCoronary artery disease, congestive heart failure, or peripheral vascular disease.
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subgroup, between SLIMM and standard of care arms, treatment

effects on sedentary duration (1, 95% −39 to 42 min/d), stepping

duration (−4, 95% −18 to 11 min/d) and the number of steps/day

(−424, 95% −1669 to 820) were not different. In the older subgroup,
the SLIMM intervention decreased sedentary duration by 28 (95% CI

−61 to 5) min/d but this did not reach statistical significance

(p = 0.09). However, in the older subgroup, the SLIMM intervention

resulted in significant increases in stepping duration (13, 95%CI 1–

24 min/d, p = 0.038) and number of steps per day (1330, 95% CI

322–2338, p = 0.01).

Differences between arm differences (SLIMM arm difference—

the standard of care arm difference) in age <70 and age ≥70‐year
groups for sedentary and stepping durations were non‐significant
(30, 95% CI −22 to 81 min/d, p = 0.26 and −16, 95% CI −35 to

2 min/d, p = 0.088, respectively). However, the differences in the

number of steps/d were significant (−1754, 95% −3356 to −153,
p = 0.032). Thus, there was evidence that age modified the effects of

the SLIMM intervention on the number of steps/d.

The comparisons between the treatment arm and age groups

were similar in sensitivity analyses of all time points (Supplementary

Table S1).

4 | DISCUSSION

The results of the current analysis show that the SLIMM intervention

resulted in increased stepping duration and the number of steps per

day and decreased sedentary duration in adults >70 years of age

with CKD. Thus, these results suggest that it is feasible to reduce

sedentary behavior in this population.

F I GUR E 2 Changes in sedentary and stepping durations and steps/day by age subgroups and study arms.
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Previous studies have shown that sedentary duration increases

with age and older adults spend >75% of the awake time in seden-

tary activities.27–30 In a cross‐sectional study, prolonged sedentary

duration was associated with lower scores on the Montreal Cognitive

Assessment.31 In 8002 middle‐aged and older adults in the Reasons

for Geographic and Racial Differences in Stroke (REGARDS) study,29

greater total sedentary time was associated with a greater risk of

cancer mortality and the observational “trade‐off” of sedentary

duration for light intensity physical activities was associated with

lower cancer mortality. These findings were consistent with earlier

observation from a National Health And Nutrition Survey (NHANES)

analysis that ‘trade‐off” of sedentary duration for light intensity ac-

tivities was associated with lower mortality in the general and CKD

populations.32

There have been few interventional trials that tested replacing

sedentary duration with light intensity activity duration. In a ran-

domized crossover study of 19 patients with type 2 diabetes, insulin

sensitivity measures improved with a Sit Less sedentary behavior

intervention.15 In the SLIMM pilot study, the SLIMM intervention

decreased sedentary duration and increased stepping duration but

these effects were not sustained at 24 weeks24 In contrast, the

Italian Diabetes and Exercise Study (IDES) 2, a randomized controlled

trial of 300 participants with type 2 diabetes, demonstrated that a

behavioral intervention decreased sedentary duration and increased

light‐intensity activity duration over 3‐year of follow‐up.22

The above raises the question of whether these findings are

applicable in older adults. A 12‐week sedentary behavior interven-

tion in a randomized controlled trial of 38 older adults did not

observe an effect on sedentary behavior.23 However, in the subgroup

of adults aged 70 or older (N = 59), in the current analysis, compared

to the standard of care, the SLIMM intervention resulted in a sig-

nificant increase in stepping duration and number of steps/day

showing a trend toward decreased sedentary duration. These

findings are consistent with the subgroup analysis of adults aged 65

or older in the IDES 2 trial (N = 119), in which the behavioral

intervention significantly increased light intensity activity duration

and decreased sedentary duration.22

Taken together, these data suggest that it is feasible to decrease

sedentary duration by engaging in light intensity activities in older

adults. Both patients and providers need to be educated on the

distinction between sedentary behavior (spending awake time in

seated/recumbent posture) and physical inactivity (not achieving

weekly MVPA goal target) as older adults who are not physically able

to do MVPA may remain sedentary because they are unaware of the

potential benefits of light intensity physical activities.

Of note, the SLIMM intervention was not effective in reducing

sedentary duration or increasing stepping duration in those age

<70 years in the current study. While this is surprising, a potential

explanation is selection bias regarding advanced CKD in the

younger and older subgroups. More advanced stage 4 or 5 CKD

stages were less common in the older group perhaps because older

participants with more advanced CKD were more hesitant to

participate.

There are several limitations to our analysis. First, this is a post‐
hoc subgroup analysis of a randomized trial. Nonetheless, the findings

in the older adults in the current analysis are consistent with previ-

ous post‐hoc subgroup analysis of older adults in the IDES 2 trial.22

Second, as all participants in the current study had CKD and patients

with CKD are frailer than those without CKD,33,34 these results

might underestimate the potential effects of the SLIMM intervention

on sedentary behavior in older adults without CKD. Third, the

duration of the trial was only 24 weeks. Fourth, the younger age

group had markedly higher loss to follow up than the older group.

Finally, in this feasibility trial, the effects of the SLIMM intervention

on clinical outcomes such as cognitive function decline, frailty,

nursing admissions, or mortality were not studied.

TAB L E 3 Changes in sedentary and stepping durations and number of steps per day between SLIMM and standard of care arms by age
subgroups.

Change in endpoints

Within SLIMM arm Within standard of care arm Between arms

Differencea, (95% CI) Differenceb, (95% CI) Differencec, (95% CI)

Age <70

Sedentary duration, min/d 0 (−30, 30) −2 (−30, 27) 1 (−39, 42)

Stepping duration, min/d −1 (−12, 10) 3 (−8, 13) −4 (−18, 11)

Number of steps/d −371 (−1342, 599) 53 (−880, 987) −424 (−1669, 820)

Age ≥70

Sedentary duration, min/d −33 (−57, −10) −5 (−29, 19) −28 (−61, 5)

Stepping duration, min/d 14 (6, 23) 2 (−7, 10) 13 (1, 24)

Number of steps/d 1410 (639, 2181) 80 (−714, 875) 1330 (322, 2338)

aWithin SLIMM arm difference represents the change from baseline to the follow‐up average at weeks 8, 16 and 24 in the SLIMM arm.
bWithin standard of care arm difference represents the change from baseline to the follow‐up average at weeks 8, 16 and 24 in the standard of care

arm.
cBetween arm difference is the above SLIMM arm difference—the standard of care arm difference.
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5 | CONCLUSIONS

In summary, the results of this post‐hoc subgroup analysis of a ran-

domized controlled trial suggest that a sedentary behavior inter-

vention could decrease sedentary duration and increase stepping

duration and the number of steps/day in adults ≥70 years of age with
CKD. A larger trial of longer duration with a sedentary behavior

intervention on endpoints of cognitive function decline, frailty,

nursing home admissions and mortality in older adults with and

without CKD is warranted.
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