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Abstract

Objective

To determine levels of objectively measured physical activity (PA) and the proportion of

adults with multimorbidity that adheres to PA guidelines.

Methods

All studies, where PA was measured at baseline using an activity monitor in an adult (�18

years) multimorbid (�80% of the population had�2 chronic conditions) population. A sys-

tematic literature search was performed in Medline, EMBASE, CINAHL, CENTRAL, Clini-

calTrials.gov, opengrey.eu and google.com from inception up until 18th of January 2022.

Risk of bias was assessed with a modified version of the Quality Assessment Tool for Quan-

titative Studies. A random-effects meta-analyses was performed to estimate daily minutes

of sedentary behavior (SB), light PA (LPA), moderate PA (MPA), moderate to vigorous PA

(MVPA) and steps. Proportions adhering to PA guidelines was narratively synthesized. Cer-

tainty of evidence was determined using The Grading of Recommendations Assessment,

Development and Evaluation (GRADE) approach.

Results

Fifteen studies (2,172 participants) were included. The most frequent combination of condi-

tions were type 2 diabetes and hypertension (six studies). Participants spent a daily average

of 500.5 (95% CI: 407.1 to 593.9) minutes in SB, 325.6 (95% CI: 246.4 to 404.7 minutes in
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LPA and 32.7 (95% CI: 20.2 to 45.3) minutes in MVPA. The mean daily number of steps

was 5,145 (95% CI: 4264 to 6026) for people in free-living conditions. The proportion adher-

ing to PA guidelines ranged widely (7.4% to 43%). All studies were rated as at high risk of

bias and the certainty of evidence was very low.

Conclusions

PA levels and adherence varied from low to above guideline recommended levels for adults

with chronic conditions, depending on PA intensity. The very low certainty of evidence calls

for high quality studies focusing on detailed descriptions of PA behavior in people with

multimorbidity.

PROSPERO registration number

CRD42020172456.

1. Introduction

The prevalence of people having two or more chronic conditions—commonly referred to as

‘multimorbidity’—is estimated to be 33% in the general population [1, 2] and more than half

of all adults with a chronic condition are multimorbid [3]. Multimorbidity is not only a burden

for the individual, but also for society with an almost exponential association between the

number of chronic conditions and associated health care costs [4]. Multimorbidity is consid-

ered to be the next global health priority [5], due to an expected increase in prevalence of mul-

timorbidity in the near future [6], impacting the lives of millions of people worldwide [7].

Physical inactivity represents an important target in the growing burden of multimorbidity

as it increases the risk of poorer health, development of further chronic conditions [8] and

death [9]. It is well known that physical activity (PA) and exercise are effective in preventing

and treating chronic conditions such as type 2 diabetes, heart and pulmonary diseases and

osteoarthritis [8, 10]. Furthermore, PA and exercise appear both safe and beneficial in improv-

ing physical and psychosocial health in people with multimorbidity [11, 12].

The World Health Organization (WHO) recommends that adults with chronic conditions

should perform at least 150–300 minutes of moderate-intensity aerobic PA, 75 to 150 minutes

of vigorous-intensity PA (or an equivalent combination) per week [13]. However, despite the

well-documented benefits of PA, many people do not adhere to PA guidelines [14]. This pro-

portion increases with the number of chronic conditions i.e. the level of PA is lower among

people with multimorbidity [15–17]. A recent study found that nearly 68% of older adults with

multimorbidity fail to meet the level of PA recommended by the WHO [18].

Unfortunately, and in spite of emerging evidence there is still limited knowledge on PA

level in people with multimorbidity. Furthermore, no overview of the level of objectively mea-

sured PA and adherence to PA guidelines is available, although objectively measured PA is

considered more accurate and less susceptible to bias than self-reported PA [19–22]. There-

fore, this systematic review and meta-analysis aimed to determine 1) the level of objectively

measured PA in people with multimorbidity in free-living conditions and 2) the proportion

that adheres to the WHO PA guidelines for people with chronic conditions.
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2. Methods

This review followed the recommendations for performing systematic reviews as described by

Cochrane [23]. Reporting of the review was done in accordance with the Preferred Reporting

Items for Systematic Reviews and Meta-analyses 2020 (PRISMA 2020) guidelines [24] (S1

File).

2.1 Eligibility criteria

2.1.1 Study design and participants. Studies where PA was measured objectively (e.g.,

activity monitor such as a pedometer or accelerometer) in an adult multimorbid population

(mean age�18 years) were included. Only baseline PA data was extracted. The population

was considered multimorbid if�80% had two or more of the following chronic conditions;

osteoarthritis (knee or hip), chronic heart disease (heart failure or ischemic heart disease),

hypertension (systolic blood pressure�140 and diastolic blood pressure�90 and/or intake of

anti-hypertensive medications), type 2 diabetes mellitus (T2DM), chronic obstructive pulmo-

nary disease (COPD), depression, anxiety, or chronic low back pain (LBP). If multimorbidity

was reported as a cumulative numerical score or an index score, they were excluded unless the

number of conditions exceeded 80% of the conditions that we used to define multimorbidity

in this review. These conditions were chosen as they are among the leading causes of global

disability, affect hundreds of millions of people around the world, and often co-exist [25].

Studies were furthermore excluded if PA was measured for a period of less than 7 days or had

reported less than 2 valid days of PA measurement.

2.2 Information sources

Literature was searched in the scientific databases Medline and EMBASE (via Ovid), CINAHL

(via EBSCOhost) and CENTRAL, from inception up until 18th of January 2022. Grey literature

was searched using a grey literature checklist developed by Godin and colleagues [26] on Clini-

calTrials.gov and via the webpages opengrey.eu and google.com. Furthermore, reference lists

of included studies were hand searched for eligible studies and citation tracking performed on

included studies in Web of Science (WoS).

2.3 Search strategy

The search strategy was developed for Medline and then customized for the remaining data-

bases (S2–S5 Files). Search strategies were developed individually for clinical.trials.gov, open-

grey.eu and google.com (S6 File). No limits were set on language.

2.4 Selection process

Records were transferred to Covidence software [27] and duplicates removed using the Covi-

dence software. Two reviewers (LBJ and AnB) independently screened records for eligibility

on title and abstract and resolved any conflicts by discussion. For full text screening, the review

team was expanded to include four additional members (AB, SM, SW and JE), forming three

teams consisting of two reviewers. The remaining studies were full text screened for eligibility

individually as follows (SW/JE: 60 studies, AB/SM: 60 studies and LBJ/AnB: 240 studies. Con-

flicts were resolved by discussion within the review team or by involvement of a more experi-

enced senior review team-member (STS or CJ) if needed.
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2.5 Data collection process

Data from included studies were extracted independently by two reviewers (LBJ and AB)

using a data extraction form developed in Excel by LBJ. The extraction procedure was pilot

tested on three studies and data compared among the reviewers in order to implement any

adjustments to the data extraction form. No adjustments were made. Data were then extracted

from the remaining studies and compared. Consensus on extracted data was reached through

discussion. If multiple papers were published based on data from the same study, the paper

with the largest sample size was used and other papers excluded.

2.6 Data items

Data was extracted regarding study characteristics, participant and outcome data.

Study characteristics included author, year, country of origin of the study, and study design

(e.g., observational). Participant data included population number (n =), mean age, gender

(percentage of female), body mass index (BMI), ethnicity and number of conditions, severity,

and diagnosis.

Outcome data included type (e.g., pedometer or accelerometer), brand and placement of

activity monitor, duration of the PA measurement (e.g., 7 days), number of valid days of mea-

surement and definition of intensity level (e.g., cut point for moderate-vigorous PA (MVPA)).

For continuous outcome (physical activity) data, mean and standard deviation, standard error,

or 95% Confidence Interval was extracted of the following variables: minutes spent as seden-

tary behavior (SB), light PA (LPA), moderate PA (MPA), moderate to vigorous (MVPA), vig-

orous PA (VPA), daily steps or ‘other’ (i.e., activity counts, calories).

When PA was reported as weekly levels it was converted into daily levels by dividing it with

the number of valid days of measurement reported in the individual study. In PA data pre-

sented with medians, these were considered equivalent to the mean, and interquartile ranges

used to calculate standard deviations (SD) as recommended by Cochrane [23]. SDs of daily PA

levels were converted to standard errors (SE) to perform the meta-analyses. If the exact num-

ber of participants that contributed with PA data was not reported in a study, the total number

of the population was used in data conversions. In studies reporting two measures of PA (e.g.,

bouted and unbouted PA), the number of participants were split in two groups of smaller sam-

ple sizes, and results reported as two separate estimates as recommended by Cochrane [23].

The following items, although reported in the PROSPERO registration, were not presented,

as they were not consistently reported in the retrieved studies: socioeconomic status, physical

function, mental health, quality of life, wear time (hours per day), epoch length and cut point

for non-wear time.

2.7 Study risk of bias assessment

Risk of bias was assessed using a quality assessment tool designed specifically for this system-

atic review (S7 File). The tool was inspired by the Quality Assessment Tool for Quantitative

Studies, developed for use in the Effective Public Healthcare Panacea Project (EPHPP)

(https://www.ephpp.ca/quality-assessment-tool-for-quantitative-studies/). Questions not con-

sidered relevant for the aims of this review were deleted. The deleted questions were: Rating of

study design, Confounders, Withdrawals and drop-outs, Intervention integrity and Analyses.

Furthermore, options to answer, and wording was altered to fit the aims of the review e.g., ‘Are
the individuals selected to participate in the study likely to be representative of the target popula-
tion?’ was replaced with ‘How representative was the study participants of the multimorbid tar-
get population?’ This is a common procedure and has been done in several previous studies

[28]. Risk of bias was assessed through six questions divided into three sections; selection bias,

PLOS ONE Objectively measured physical activity in multimorbidity—A systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0274846 October 12, 2022 4 / 22

https://www.ephpp.ca/quality-assessment-tool-for-quantitative-studies/
https://doi.org/10.1371/journal.pone.0274846


blinding (performance bias) and data collection methods (measurement bias). Each section

was rated as strong, moderate, or weak (blinding could only be rated strong or weak) based on

ratings of the questions in the section. Each study was given a global rating based on the ratings

of the three sections. A low-quality rating (one or more weak ratings) was considered high risk

of bias, moderate-quality rating (only strong or moderate ratings) as moderate risk of bias and

high-quality rating (only strong ratings) as low risk of bias. Risk of bias assessment was per-

formed by two review teams consisting of four reviewers LBJ/SM and SW/JE. Each team mem-

ber assessed studies independently and compared ratings within their review team. To assist

the rating, a dictionary was incorporated after each section of the quality assessment tool

explaining the rationale behind rating. This was inspired by the original assessment tool. In

case of disagreements consensus was reached through discussion.

2.8 Effect measures

2.8.1 Estimate measures. Average minutes of daily activity spent as SB, LPA, MPA,

MVPA, VPA and steps was assessed in separate meta-analyses.

2.9 Synthesis of results

2.9.1 Physical activity. Meta-analyses were performed for minutes of activity spent as SB,

LPA, MPA, MVPA, VPA and daily steps in free-living conditions. A random-effects model

was used given the heterogeneous population included. Results were presented in forest plots

with overall estimates of the PA level including subgroup-analyses of bouted and unbouted

PA. Subgroup-analyses were performed in order to investigate the possible differences in PA

arising from analyzing data as bouted versus unbouted, which have been suggested in earlier

studies [29–31]. Statistical heterogeneity was assessed using I2 statistics and interpreted

according to the Cochrane recommendations as a continuous measure where an I-squared

value of 0% indicates no inconsistency, and an I-squared value of 100% indicates maximal

inconsistency. All statistical analyses were performed using Stata 17 (StataCorp. 2021. Stata
Statistical Software: Release 17. College Station, TX: StataCorp LLC) using the ‘meta’

command.

If studies did not report enough data to be included in meta-analysis and authors did not

provide the necessary data, a narrative synthesis of the results was performed in accordance

with the Cochrane recommendations [23].

2.9.2 Adherence to physical activity guidelines. The proportion of people adhering to

PA guidelines was summarized in a narrative synthesis as there were only three studies with

heterogeneous populations reporting proportions, or insufficient data available to calculate

proportions. Therefore, meta-analysis was deemed not appropriate in line with the Cochrane

recommendations for performing meta-analysis [23].

2.9.3 Reporting bias assessment. Authors of potentially eligible studies were contacted

about outcome and population characteristics. For example, asking for measure of variance

(e.g. standard deviation) regarding PA measures and prevalence of chronic conditions in the

reported population when it was only reported that the population had multimorbidity. All

contact to author was done by e-mail to ensure the greatest response rate possible [32]. Initially

an e-mail was sent to the corresponding author. If an answer was not received within fifteen

workdays, the last author was contacted, and the deadline extended with fifteen more days. If

no reply was received, the study was excluded.

2.9.4 Sensitivity analysis. Sensitivity analysis was performed by removing studies present-

ing median values to check the robustness of the findings, give that mean and median values

were pooled in the same meta-analyses as recommended by Cochrane [23].
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2.9.5 Certainty assessment. The certainty (overall quality) of evidence was determined

for each meta-analyses using the GRADE (Grading of Recommendations Assessment, Devel-

opment and Evaluation) approach [33] for prognostic studies, given the nature of the included

studies and in line with Iorio et al. [34]. Five domains; risk of bias, inconsistency, indirectness,

imprecision, and publication bias were assessed individually by two reviewers (LBJ and AB).

In case of disagreements, consensus was reached through discussion.

3. Results

3.1 Study selection and characteristics

A total of 17,537 records were identified through databases and registers. Another 19 records

were identified by searching the webpages Opengrey.eu and Google.com. Eight additional rec-

ords were identified by screening references of published systematic reviews focusing on

multimorbidity.

Of 360 full text screened reports, 345 were excluded (S8 File) with the main exclusion crite-

ria being non-multimorbid populations or non-peer reviewed reports. No further studies were

identified through hand search of reference lists of included studies or WoS citation tracking.

Nine studies [35–43] appeared eligible after full text screening but had not reported PA

data in a format making it possible to extract for meta-analyses (i.e. missing SD or SE), or

lacked data on the proportion of population that was multimorbid. Authors of these studies

were contacted. Four authors replied providing additional information, leading to inclusion of

three additional studies [36, 42, 43] and exclusion of one study due to the population not being

multimorbid [35]. The flow of studies is presented in Fig 1.

Fifteen studies were included [36, 42–55] with a total of 2,172 participants. Publication year

ranged from 2011 to 2021. The most common study designs were randomized controlled trials

[42, 45, 47, 48, 50, 51, 53] and observational studies [43, 44, 46, 49, 52, 53, 55]. The most fre-

quent combination of conditions was type 2 diabetes (T2DM) and hypertension (six studies)

[36, 43, 49, 50, 52, 55]. No studies had populations where more than 80% of the participants

had more than two chronic conditions.

Accelerometers were the most commonly used measurement method (11 of 15 studies) [36,

42–44, 46–48, 51–54], and steps the most frequent way to report the PA level (8 of 15 studies)

[42, 45, 49, 50, 52–55].

Three studies reported adherence (or data making it possible to calculate such) to physical

activity guidelines [36, 52, 54]. Study characteristics of included studies are presented in Tables

1 and 2.

3.2 Risk of bias in studies

One third of the included studies were rated as ‘weak’ in all three parts of the risk of bias assess-

ment, mainly due to studies failing to describe the validity and reliability of the measurement

method used. Overall, all included studies were of low quality (high risk of bias) (see Table 3).

3.3 Results of syntheses

3.3.1 Physical activity level. No studies reported minutes of PA spent at all intensity levels

and daily steps. The pooled mean daily minutes spent in SB and LPA was 500.5 (95% CI: 407.1

to 593.9) and 325.6 (95% CI: 246.4 to 404.7) (Figs 2 and 3). The pooled mean daily minutes of

MVPA was 32.7 (95% CI: 20.2 to 45.3) (Fig 4). MPA and VPA were only reported in one study

[54] and meta-analysis of these activity levels therefore not performed.
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The pooled mean of daily steps was 5145 (95% CI: 4264 to 6026) (Fig 5). One study, not

included in meta-analysis, included hospitalized participants reporting a median daily number

of steps of 1170 (IQR: 523 to 2580).

Two studies [46, 51] reported PA as other than minutes or steps (activity counts and active

hours) (Table 2). All meta-analyses showed high heterogeneity and subgroups analyses on PA

stratified as bouted or unbouted did not explain the inconsistency of the results for all the

meta-analyses (Figs 2–4). The sensitivity analysis removing studies reporting median values

displayed similar results as the main analyses (S1–S3 Figs).

3.3.2 Adherence to physical activity guidelines. The proportion that adhered to physical

activity guidelines was reported in three studies and ranged from 7.4% to 43%. The popula-

tions had combinations of T2DM and hypertension (two studies) [36, 52] and depression and

anxiety (one study) [54].

3.4 Certainty of evidence

Certainty of evidence was assessed as being very low for all meta-analyses (Table 4).

4. Discussion

Results from this systematic review and meta-analysis showed that the daily level of MVPA

exceeded what is recommended by the WHO for people with chronic conditions, and that the

Fig 1. Flow of studies.

https://doi.org/10.1371/journal.pone.0274846.g001
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Table 1. Conditions and selected demographic variables in the included studies.

First author, year,

country, study

design

(n

=)

Age BMI Gender

(% ♀)

Ethnicity (%) Condition (%) Condition definition Severity

Piette, 2011, USA,

RCT

Usual care group 146 56 38 50 White (84) Black

(9) Other (7)

T2DM and

depression (100)

T2DM: identified via electronic records/

self-reported. Depression: PHQ-9

depression score�11

T2DM: NR Depression

BDI>29: 34%

Usual care + CBT

group

145 55.1 37.3 51 T2DM: NR Depression

BDI>29: 32%

Izawa, 2013,

Japan,

Observational

95 56.8 22.9 11.4 NR Heart failure and

depression (100)

Heart failure: NYHA classification.

Depression: SF-36, MH <68 points

NYHA I: 33% NYHA II:

46% NYHA II: 21%

LVEF<40% Depression:

NR

Paula, 2014,

Brazil, RCT

Control group 20 62.5 30.2 70 White (90) T2DM and

hypertension (100)

T2DM: outpatients from hospital

department. Hypertension: office BP

�140/90 mm Hg and daytime ABPM

�135/85 mm Hg

(duration years) T2DM:

mean 16.1 Hypertension:

mean 18.4

Intervention group 20 61.8 28.6 40 White (80) T2DM: mean 16.9

Hypertension: mean 16.9

Freedland, 2015,

USA, RCT

Usual care group 79 55.5 32.6 33 White (72.2) Heart failure and

depression (100)

Heart failure: NYHA classification.

Depression: current major depressive

episode and BDI-II score�14

LVEF<45%: 59% NYHA

I-II: 57% NYHA III: 43%

BDI-II: mean 29.6

Usual care + CBT

group

79 56.2 34.7 40 White (54.4) LVEF<45%: 48.7%

NYHA I-II: 58.2% NYHA

III: 41.8% BDI-II: mean

30.7

Schneider, 2016,

USA, Pilot RCT

Exercise group 15 53.3 34.5 100 White (86.7)

Black/African

American (6.7)

Other: (6.7)

T2DM and

depression (100)

T2DM: Inadequately controlled T2DM.

Depression: doctor diagnosed major

depressive disorder as defined by the

SCID-IV criteria

T2DM: NR

BDI-II: mean 18.5

HRSD: mean 15.7

Enhanced usual

care group

14 53.6 34.7 100 White (85.7)

American Indian/

Alaskan native

(14.3)

T2DM and

depression (100)

T2DM: Inadequately controlled T2DM.

Depression: doctor diagnosed major

depressive disorder as defined by the

SCID-IV criteria

T2DM: NR

BDI-II: mean 21.6 HRSD:

mean 17.4

Zucatti, 2017,

Brazil,

Observational

151 61.1 29,8 64 White (77 T2DM (100) and

hypertension (92)

T2DM: NR. Hypertension: mean of

office BP measurement >140/90 on two

occasions or use of antihypertensive

medication

(duration years) T2DM:

mean 14.3 Hypertension.

NR

Lambert 2018, UK,

Pilot RCT

62 38.1 NR 84 NR Depression and

anxiety (100)

Depression: PHQ-8. Anxiety: GAD-7

(no cut off scores used)

(duration years) PHQ-8:

mean 14.6 GAD-7: mean

11.8

Moreira 2018,

Brazil,

Observational

Vitamin D

deficient group

66 65 30 53 White (85) T2DM and

hypertension (100)

T2DM: hospital diagnosed history of

T2DM. Hypertension: office BP�140/90

mm Hg and/or current use of anti-

hypertensive medication

(duration years) T2DM:

median 12 Hypertension:

median 15

Vitamin D non-

deficient group

50 65 31 62 White (82) T2DM: median 11

Hypertension: median 14

Hult 2019,

Sweden,

Observational

210 70 29.2 34 Caucasian (100) T2DM (100) and

hypertension (82)

T2DM: Self-reported. Hypertension: use

of anti-hypertensive medication

T2DM: NR Hypertension:

NR

(Continued)
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few studies specifically reporting proportions that adhere to PA guidelines found wide varia-

tion in adherence (7,4–43%). Results also showed that participants spent on average more than

eight hours per day in SB and had a number of daily steps equivalent to a low active lifestyle

among adults [13, 56]. The results should be interpreted with caution since few studies evaluat-

ing objectively measured PA levels in multimorbid populations were available, and due to the

high risk of bias of the included studies and very low overall certainty of evidence.

Although challenged by the lack of available evidence, higher levels of daily MVPA and

LPA and lower levels of SB were found than previously reported in people with multimorbid-

ity. In a Canadian cohort study, Hains-Monfette et al. [57] reported that people with two

Table 1. (Continued)

First author, year,

country, study

design

(n

=)

Age BMI Gender

(% ♀)

Ethnicity (%) Condition (%) Condition definition Severity

Oliveira 2019,

Portugal,

Observational

<10m/sec group 45 55,8 27.1 10.6 NR Ischemic heart

disease (100) and

hypertension (94.1)

Ischemic heart disease: patients

recruited from hospital department.

Hypertension: average of three BP

measurements

Ischemic heart disease:

NR Hypertension: NR>10m/sec group 23

Reddy 2020, USA,

Observational

QOL worst group 133 66 37 48 NR Heart failure (100)

and hypertension (89)

Heart failure: doctor diagnosed and

objective evidence��. Hypertension: NR

LVEF�50%: 100%

NYHA class II-IV

Hypertension: NRQOL intermediate

group

134 71 33 58 Heart failure (100)

and hypertension (82)

QOL best group: 141 70 32 50 Heart failure (100)

and hypertension (84)

Whipple 2020,

USA, Clinical trial

19 72.1 30.5 36.8 White (89.5) T2DM (100) and

hypertension (94.7)

T2DM: NR T2DM: NR Hypertension:

NRHypertension: NR

Schlenk 2021,

USA, RCT

182 64.7 34 73.1 White (73.1) Osteoarthritis, knee–

OA and hypertension

(100)

OA: Clinical examination.

Hypertension: Intake of

antihypertensive medication

OA: WOMAC pain

subscale: mean 5.3

Hypertension: NR

Correia, 2021,

Brazil,

Observational

121 68 27.8 NR NR T2DM (100) and

hypertension (92)

T2DM: medical history and use of

medication. Hypertension: average of

the last two of three measurements at

the arm with highest pressure

NR

Holber 2021, USA,

RCT

222 64 NR 43 White (49) Heart failure and

depression (100)

Heart failure: inpatients recruited from

hospital departments. Depression: PHQ-

9 depression score�10

LVEF�45%: 100%

NYHA class

II: 28%

Non-white (51) III: 60%

IV: 12%

PHQ-9: median 13

Abbreviations:

RCT: Randomized controlled trial, CBT: cognitive-behavioral therapy, NR: not reported, PHQ: Patient Health Questionnaire, BDI: Beck Depression Inventory, SF-36,

MH: 36-item short form health survey, mental health items, NYHA: New York Heart Association, BP: Blood Pressure, ABPM: daytime ambulatory blood pressure,

LVEF: Left Ventricular Ejection Fraction, T2DM: Type 2 Diabetes Mellitus, OA: osteoarthritis, HRSD: Hamilton Rating Scale for Depression, EX: Exercise, EUC:

Enhanced Usual Care, SCID: Structured Clinical Interview for DSM (statistical manual for mental disorders) disorders, GAD: General Anxiety Disorder scale,

WOMAC: Western Ontario and McMaster Universities Arthritis Index.

�population consisted of cardiac patients with heart failure, myocardial infarction, coronary artery bypass grafting or valve replacement,

��Invasive hemodynamics, elevated natriuretic peptide levels or echocardiographic diastolic dysfunction together with chronic use of diuretic medication.

https://doi.org/10.1371/journal.pone.0274846.t001
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Table 2. Physical activity measurements in the included studies.

Author,

year

Activity monitor

(duration)

Brand Placement Valid day

definition

Valid days

(number)

PA definition Daily physical activity

level Mean (SD)/[SE]

Piette 2011 Pedometer (7 days) Omron Hj-720 ITC NR NR NR Steps Control group: 3139

(2361)

Intervention group: 3226

(1860)

Izawa 2013 Uniaxial

accelerometer (8

days)

Kenz lifecorder Waist (above

either leg)

NR NR Steps 5020.1 (2735.92)

Paula 2014 Pedometer (7 days) Yamax Digi-Walker

CW200

NR NR 3 Steps Control group: 5848

(2827)

Intervention group: 6294

(2544)

Freedland

2015

Accelerometer (7

days)

Respironic Actiwatch

AW-16

Wrist (non-

dominant hand)

NR NR Other (7 day average

activity counts)

92.7 (55.1)

Schneider

2016

Accelerometer (7

days)

Actigraph 7164

WAM

Hip �10 hours 3 Minutes1 Control group: MVPA�:

13.2 (12.1)

Intervention group:

MVPA�: 12.6 (12.7)

Zucatti,

2017

Pedometer (7 days) Yamax Digi-Walker

SW700

Waist NR NR Steps 6391 (3357)

Other (km/week) 3.1

Lambert

2018

Triaxial

accelerometer (7

days)

GENEActiv Wrist (non-

dominant hand)

�10 hours 4 Minutes2 LPA�: 174.3 (56)

MPA�: 53.5 (30.2)

VPA�: 2.9 (3.8)

MVPA�: 8.95 [5.0]

MVPA��: 55.2 (36.8)

Moreira

2018

Pedometer (7 days) Yamax Digi-Walker

CW200

Waist NR NR Steps Vitamin D deficient

group: 6400 (2518)

Vitamin D non-deficient

group: 4400 (2888)

Hult 2019 Triaxial

accelerometer (7

days)

Actigraph GT3X Hip (non-

dominant leg)

�10 hours 4 Steps 5904 (3038)

Minutes3 MVPA�: 26.7 [4.5]

MVPA��: 39.2 [5.4]

Oliveira

2019

Accelerometer (7

days)

ActiGraph GT1M Hip (right) �8 hours 5 Minutes4 <10m/sec group:

SB��: 455.6 [39]

LPA��: 384.2 [46.4]

MVPA��: 45.8 [11.2]

>10m/sec group:

SB��: 460.4 [47.9]

LPA��: 377.2 [54.9]

MVPA��: 26.8 [16.5]

Other: total minutes of

PA time (per week)

<10m/sec group:

2238 (637)

>10m/sec group:

2055 (574)

Reddy 2020 Triaxial

accelerometer (14

days)

Kinetic Activity

Monitor KXUD9-

2050

Hip �10 hours NR Other (accelerometry

hours active per day)

QOL worst group: 5.83

(1.4)

QOL intermediate

group: 6.45 (2.2)

QOL best group: 6.35

(1.6)

(Continued)
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chronic conditions performed a daily average of 10 minutes of MVPA, 171 minutes of LPA

and 580 minutes of SB. These results were based on an adult population with somewhat similar

chronic conditions (heart disease, diabetes, and cancer and/or COPD) to the ones included in

this review. Direct comparison of PA levels is, however, challenged by the general lack of data

on factors that could possibly affect PA levels, such as the prevalence and severity of the

included conditions which has previously demonstrated to be associated with PA [58].

The mean number of daily steps found in the meta-analysis in this study were similar to

studies including healthy adult general populations from Western countries measuring steps

in free-living conditions [59, 60]. Considering existing evidence suggesting that people with

chronic conditions are less physically active than the general population [15], the number of

daily steps were expected to be lower in populations with multimorbidity compared to the gen-

eral population. Importantly, results from the present study showed that people with multi-

morbidity only attained a daily step level equivalent to the level of ‘low PA’ using earlier

published cut off points for healthy adults of 5000–7499 daily steps [56]. It is likely that the

contradictive findings between an adequate daily MVPA level and ‘low active’ daily step level

could be explained by the difference in participants entering the meta-analyses. Only one

study [52] reported data on both MVPA and steps and interpretation of the PA levels was

Table 2. (Continued)

Author,

year

Activity monitor

(duration)

Brand Placement Valid day

definition

Valid days

(number)

PA definition Daily physical activity

level Mean (SD)/[SE]

Whipple

2020

Triaxial

accelerometer (14

days)

Actigraph

wGT3X-BT

Wrist (non-

dominant hand)

�10 hours 5 Minutes5 SB��: 473 (101.3)

LPA��: 102 (23.4)

MVPA��: 74 (44.6)

Other (minutes in

sedentary bouts���)

Other: 191.6 (89.7)

Schlenk

2021

Triaxial

accelerometer (7

days)

Actigraph GT3X+ Waist NR NR Minutes6 SB�: 425.2 (104.9)

LPA�: 333.4 (81.7)

MVPA�: 44.7 (31.6)

Correia

2021

Triaxial

accelerometer (7

days)

Actigraph GT3X/

GT3X+

Hip (right) �10 hours 4 Minutes7 SB�: 675.3 (104.2)

LPA�: 273.5 (95.5)

MVPA�: 11.2 (14.9)

Holber 2021 Accelerometer (7

days)

SenseWear Pro Arm (upper) �10 hours 4 Steps 1170 (median)����

Notes:

Abbreviations: NR: not reported. SB: sedentary behavior, LPA: light physical activity, MPA: moderate physical activity VPA: vigorous physical activity, MVPA:

moderate to vigorous physical activity, QOL: quality of life

�: bouted,

��: unbouted,

���: periods of�10 minutes with less than 99 activity counts/min,

����: hospitalized population
1 Moderate or greater intensity:�1952 counts/min
2 MVPA:�1952 counts/min
3 LPA:�1951 counts/min, moderate: 1952–5724, hard: 5725–9498, very hard:�9499
4 SB: 0–99 count/min, LPA: 100–2019 counts/min, MVPA:�2020 counts/min
5 SB: 0–99 count/min, LPA: 100–1951 counts/min, moderate:�1952 counts/min
6 None to very low: 0–99 counts/min, LPA: 100–2019 counts/min, MVPA:�2020 counts/min
7 SB: 0–100 counts/min, LPA: 101–1.040 counts/min, MVPA:�1.041 counts/min

https://doi.org/10.1371/journal.pone.0274846.t002
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therefore made on different sets of participants. The difference in PA levels could therefore

possibly be explained by factors such as age, the specific chronic conditions, and the severity of

their conditions [61]. Due to an insufficient number of available studies, it was not possible to

perform meta-regression analysis to investigate whether these and other factors affected the

results.

A previous large observational study from the UK Biobank found that almost half of people

with multimorbidity can be categorized as having a low physical activity level [62]. A large var-

iation in reported proportions of adherence to PA guidelines was observed in the narrative

synthesis in this study (7,4–43%). This appears conflicting to the relatively high daily level of

MVPA found in the meta-analysis. Such variation is similar to findings from previous studies

of self-reported PA in people with multimorbidity [61] and has also been observed in the gen-

eral healthy population [63]. This appears conflicting to the relatively high daily level of

MVPA found in the meta-analysis. Wide variation in PA levels have however also been dem-

onstrated in previous studies of self-reported PA in people with multimorbidity [61] and in

the general healthy population [63]. Possible explanations could be the use of different mea-

surement methods (self-reported vs. objectively measured PA) or that selection bias was intro-

duced in the present study and could have affected the estimates. This is likely since the

included populations displayed differences in characteristics such as age or specific chronic

conditions. Last, functional status of the different populations were unknown since this data

was not available or inconsistently reported. If the some of the populations included in the

MVPA meta-analyses had higher functional status level, this could have resulted in higher

MVPA estimates as supported by previous research [64].

The GRANADA consensus statement on analytical approaches for accelerometer-deter-

mined physical behaviors [65] gives an optional recommendation to express estimates of time

Table 3. Risk of bias assessment of included studies.

Study Selection bias Blinding� Data collection

method��
Study quality

Population Participation Physical activity data Rating Blinding Rating Validity Reliability Rating
Piette et al. 2011 2 2 2 Moderate 1 Strong 3 3 Weak Low

Izawa et al. 2013 3 1 1 Weak 3 Weak 1 1 Strong Low

Paula et al. 2014 1 1 1 Strong 2 Weak 3 3 Weak Low

Freedland et al. 2015 1 2 1 Moderate 3 Weak 3 3 Weak Low

Schneider et al. 2016 3 1 3 Weak 3 Weak 3 3 Weak Low

Zucatti et al. 2017 2 3 1 Weak 2 Weak 1 3 Weak Low

Lambert et al. 2018 3 2 1 Weak 3 Weak 1 1 Strong Low

Moreira et al. 2018 1 1 1 Strong 3 Weak 3 3 Weak Low

Hult et al. 2019 2 3 1 Weak 2 Weak 1 1 Strong Low

Oliveira et al. 2019 2 3 2 Weak 1 Strong 1 1 Strong Low

Reddy et al. 2020 2 1 1 Moderate 3 Weak 3 3 Weak Low

Whipple et al. 2020 3 3 3 Weak 3 Weak 1 3 Moderate Low

Schlenk et al. 2021 2 3 1 Weak 3 Weak 3 3 Weak Low

Correia et al. 2021 3 3 3 Weak 3 Weak 3 3 Weak Low

Holber et al. 2021 2 3 3 Weak 3 Weak 3 3 Weak Low

Notes:

�equivalent to assessment of performance bias,

�� equivalent to assessment of measurement bias

https://doi.org/10.1371/journal.pone.0274846.t003
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spent in PA as bouted and unbouted. Although not statistically significant, the results from

this meta-analysis showed that the number of activity minutes varied greatly between studies

analyzing data on bouted versus unbouted PA. Highest levels were found in meta-analysis of

unbouted data, except for SB, suggesting that unbouted data could potentially display higher

activity levels. In the recent update of PA guidelines from WHO (2020) [13], recommenda-

tions that PA should be performed in bouts of�10 minutes were removed in recognition that

all PA, regardless of length, promotes health. This is not yet fully reflected in analyses of PA

data in studies being published.

4.1 Clinical implications and future research

The level of daily SB and steps found in this review revealed that there is still a potential to gain

further health benefits by increasing PA in people with multimorbidity. These benefits could

potentially be even more important in older populations, since studies have shown that older

people spent the vast majority of their time in SB [66]. Furthermore, current evidence also sup-

ports that the level of PA decreases with increasing age in both healthy [67] and multimorbid

populations [18]. Despite an extensive knowledge gap in the area, clinicians should therefore

promote PA for people with chronic conditions and multimorbidity given the documented

health benefits [10, 11]. However, they should also acknowledge the importance of primary

prevention, since physical inactivity is a risk factor for development of chronic conditions and

multimorbidity [8, 68]. In populations failing to adhere to PA guidelines, special attention

should be given to the importance of replacing SB with PA of any intensity level as

Fig 2. Forest plot showing daily minutes of Sedentary Behavior (SB) in people with multimorbidity.

https://doi.org/10.1371/journal.pone.0274846.g002

PLOS ONE Objectively measured physical activity in multimorbidity—A systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0274846 October 12, 2022 13 / 22

https://doi.org/10.1371/journal.pone.0274846.g002
https://doi.org/10.1371/journal.pone.0274846


recommended by the WHO [13]. Future studies should aim to incorporate valid measurement

methods that are able to measure the full continuum of PA from SB to VPA and steps so that

detailed knowledge on PA can be incorporated more when developing tailored patient-cen-

tered strategies to increase PA in people with multimorbidity.

4.2 Strength and limitations

In the present review, multimorbidity was defined as encompassing common, but selected,

chronic conditions. This definition was inspired by earlier published literature [11] and avail-

able evidence of the benefit of PA on the included conditions [10]. A recent (2021) review

found that measurements and definitions of multimorbidity is poorly reported and varies

greatly (from 2 to 285 conditions) [69]. It is possible that the use of a more exhaustive list of

chronic conditions would have led to more studies being included. Despite this, the authors do

believe that this review managed to capture the majority of studies published by selecting con-

ditions with a high global prevalence [25].

All meta-analyses demonstrated high statistical heterogeneity among the included studies.

Furthermore, only few relevant studies were identified, all associated with a high risk of bias,

leading to an overall certainty in the evidence that was very low. Additional analyses on the

impact of gender, ethnicity or socioeconomic status could not be performed since too few

studies reported these variables consistently. The results should therefore be interpreted with

Fig 3. Forest plot showing daily minutes of Light Physical Activity (LPA) in people with multimorbidity.

https://doi.org/10.1371/journal.pone.0274846.g003
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caution. It is highly likely that future studies will change the PA estimates identified in this

review.

Studies using subjective measurement methods of PA were not included in this review,

since these have demonstrated less accuracy than objective measurements [21, 22]. Subjective

methods have, however, been widely used to assess PA across different populations due to low

costs and accessibility. Inclusion of such studies would most likely have increased the number

of included studies in the review but challenged the validity. No perfect tool exists for measur-

ing PA, and also objective measurement methods have displayed limitations [70]. It is however

suggested that researchers should incorporate appropriate objective measures specific to the

PA behavior of interest when examining PA in adults in free-living conditions [19]. This rec-

ommendation is reflected in the proportion of published studies using objective measures of

PA that has increased from 4% to 71% from 2006 to 2016 [71] also justifying the focus on

objectively measured PA in this review.

Fig 4. Forest plot showing daily minutes of Moderate to Vigorous Physical Activity (MVPA) in people with multimorbidity.

https://doi.org/10.1371/journal.pone.0274846.g004
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Fig 5. Forest plot showing daily number of steps in people with multimorbidity.

https://doi.org/10.1371/journal.pone.0274846.g005

Table 4. Certainty of evidence using the GRADE approach.

Number of studies Certainty of evidence Certainty

Study design Risk of bias Inconsistensy Indirectness Imprecision Other condiserations

Steps per day

6 Observational, RCT seriousa seriousb not seriousc not serious none
L
��� Very low

Minutes of sedentary behavior (SB) per day

4 Observational, RCT, Clinical trial seriousa seriousd,e seriousc seriousf none
L
��� Very low

Minutes of light physical activity (LPA) per day

5 Observational, RCT, Clinical trial seriousa seriouse seriousc seriousf none
L
��� Very low

Minutes of moderate to vigorous physical activity (MVPA) per day

7 Observational, RCT, Clinical trial seriousa seriouse seriousc seriousf none
L
��� Very low

Explanations:
a. All studies was evaluated as having high risk of bias,
b. Inconsistent results even after stratifying by free living and hospitalized,
c. Sample not representative of multimorbid populations,
d. 4 hour difference in sedentary time per day between the two studies included,
e. Inconsistent results even after stratification for bouted/unbouted,
f. Very wide 95% Cis.

Abbreviations: RCT = randomized controlled trial

https://doi.org/10.1371/journal.pone.0274846.t004
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4.3 Conclusion

The results of this systematic review show that the daily level of MVPA appears to exceed the

level recommended in the WHO PA guidelines, while the level of daily steps is equivalent to

living a low active lifestyle. Adherence to PA guidelines are currently rarely reported and varies

greatly from 7,4–43%. The average time spent in SB was more than eight hours, highlighting a

potential for further improvement in PA levels among people with multimorbidity, in particu-

lar less active subgroups. In general, studies investigating objectively measured PA in popula-

tions with multimorbidity were few in numbers, associated with a high risk of bias and a very

low overall certainty in the evidence calling for a cautious interpretation of the results. The

review highlights an urgent need for further high-quality studies providing detailed descrip-

tions of PA behavior among people with multimorbidity.
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Serrano JL, et al. Association between physical activity, multimorbidity, self-rated health and functional

limitation in the Spanish population. BMC Public Health. 2014; 14: 1170. https://doi.org/10.1186/1471-

2458-14-1170 PMID: 25404039

18. Salman A, Sellami M. Do Older Adults with Multimorbidity Meet the Recommended Levels of Physical

Activity? An Analysis of Scottish Health Survey. Int J Environ Res Public Health. 2019; 16: 3748. https://

doi.org/10.3390/ijerph16193748 PMID: 31590293

19. Dowd KP, Szeklicki R, Minetto MA, Murphy MH, Polito A, Ghigo E, et al. A systematic literature review

of reviews on techniques for physical activity measurement in adults: a DEDIPAC study. Int J Behav

Nutr Phys Act. 2018; 15: 15. https://doi.org/10.1186/s12966-017-0636-2 PMID: 29422051

20. Rj S. Limits to the measurement of habitual physical activity by questionnaires. Br J Sports Med. 2003;

37. https://doi.org/10.1136/bjsm.37.3.197 PMID: 12782543

21. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A comparison of direct ver-

sus self-report measures for assessing physical activity in adults: a systematic review. Int J Behav Nutr

Phys Act. 2008; 5: 56. https://doi.org/10.1186/1479-5868-5-56 PMID: 18990237

22. Adams SA. The Effect of Social Desirability and Social Approval on Self-Reports of Physical Activity.

Am J Epidemiol. 2005; 161: 389–398. https://doi.org/10.1093/aje/kwi054 PMID: 15692083

23. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane handbook for system-

atic reviews of interventions. John Wiley & Sons; 2019.

24. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 explanation

and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ. 2021; 372:

n160. https://doi.org/10.1136/bmj.n160 PMID: 33781993

25. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 coun-

tries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019.

Lancet Lond Engl. 2020; 396: 1204–1222. https://doi.org/10.1016/S0140-6736(20)30925-9 PMID:

33069326

26. Godin K, Stapleton J, Kirkpatrick SI, Hanning RM, Leatherdale ST. Applying systematic review search

methods to the grey literature: a case study examining guidelines for school-based breakfast programs

in Canada. Syst Rev. 2015; 4: 138. https://doi.org/10.1186/s13643-015-0125-0 PMID: 26494010

27. Covidence—Better systematic review management. [cited 5 Jan 2022]. https://www.covidence.org/

28. Farrah K, Young K, Tunis MC, Zhao L. Risk of bias tools in systematic reviews of health interventions:

an analysis of PROSPERO-registered protocols. Syst Rev. 2019; 8: 280. https://doi.org/10.1186/

s13643-019-1172-8 PMID: 31730014

29. Loprinzi PD, Davis RE. Bouted and non-bouted moderate-to-vigorous physical activity with health-

related quality of life. Prev Med Rep. 2015; 3: 46–48. https://doi.org/10.1016/j.pmedr.2015.12.005

PMID: 26844186

PLOS ONE Objectively measured physical activity in multimorbidity—A systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0274846 October 12, 2022 19 / 22

https://doi.org/10.1111/sms.12581
https://doi.org/10.1111/sms.12581
http://www.ncbi.nlm.nih.gov/pubmed/26606383
https://doi.org/10.1016/j.arr.2020.101166
http://www.ncbi.nlm.nih.gov/pubmed/32896665
https://doi.org/10.1007/s12529-022-10092-8
http://www.ncbi.nlm.nih.gov/pubmed/35484462
https://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1016/S2214-109X%2818%2930357-7
http://www.ncbi.nlm.nih.gov/pubmed/30193830
https://doi.org/10.1249/MSS.0000000000000861
https://doi.org/10.1249/MSS.0000000000000861
http://www.ncbi.nlm.nih.gov/pubmed/26741117
https://doi.org/10.1590/1516-3180.2020.0282.R1.15092020
https://doi.org/10.1590/1516-3180.2020.0282.R1.15092020
http://www.ncbi.nlm.nih.gov/pubmed/33331604
https://doi.org/10.1186/1471-2458-14-1170
https://doi.org/10.1186/1471-2458-14-1170
http://www.ncbi.nlm.nih.gov/pubmed/25404039
https://doi.org/10.3390/ijerph16193748
https://doi.org/10.3390/ijerph16193748
http://www.ncbi.nlm.nih.gov/pubmed/31590293
https://doi.org/10.1186/s12966-017-0636-2
http://www.ncbi.nlm.nih.gov/pubmed/29422051
https://doi.org/10.1136/bjsm.37.3.197
http://www.ncbi.nlm.nih.gov/pubmed/12782543
https://doi.org/10.1186/1479-5868-5-56
http://www.ncbi.nlm.nih.gov/pubmed/18990237
https://doi.org/10.1093/aje/kwi054
http://www.ncbi.nlm.nih.gov/pubmed/15692083
https://doi.org/10.1136/bmj.n160
http://www.ncbi.nlm.nih.gov/pubmed/33781993
https://doi.org/10.1016/S0140-6736%2820%2930925-9
http://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.1186/s13643-015-0125-0
http://www.ncbi.nlm.nih.gov/pubmed/26494010
https://www.covidence.org/
https://doi.org/10.1186/s13643-019-1172-8
https://doi.org/10.1186/s13643-019-1172-8
http://www.ncbi.nlm.nih.gov/pubmed/31730014
https://doi.org/10.1016/j.pmedr.2015.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26844186
https://doi.org/10.1371/journal.pone.0274846


30. Wolff-Hughes DL, Fitzhugh EC, Bassett DR, Churilla JR. Total Activity Counts and Bouted Minutes of

Moderate-to-Vigorous Physical Activity: Relationships With Cardiometabolic Biomarkers Using 2003–

2006 NHANES. J Phys Act Health. 2015; 12: 694–700. https://doi.org/10.1123/jpah.2013-0463 PMID:

25109602

31. Sagelv EH, Ekelund U, Pedersen S, Brage S, Hansen BH, Johansson J, et al. Physical activity levels in

adults and elderly from triaxial and uniaxial accelerometry. The Tromsø Study. PloS One. 2019; 14:

e0225670. https://doi.org/10.1371/journal.pone.0225670 PMID: 31794552

32. Young T, Hopewell S. Methods for obtaining unpublished data. Cochrane Database Syst Rev. 2011;

MR000027. https://doi.org/10.1002/14651858.MR000027.pub2 PMID: 22071866

33. GRADE handbook. [cited 24 Mar 2022]. https://gdt.gradepro.org/app/handbook/handbook.html

34. Iorio A, Spencer FA, Falavigna M, Alba C, Lang E, Burnand B, et al. Use of GRADE for assessment of

evidence about prognosis: rating confidence in estimates of event rates in broad categories of patients.

BMJ. 2015; 350: h870. https://doi.org/10.1136/bmj.h870 PMID: 25775931

35. Kirk A., Barnett J., Leese G., Mutrie N. A randomized trial investigating the 12-month changes in physi-

cal activity and health outcomes following a physical activity consultation delivered by a person or in

written form in Type 2 diabetes: Time2Act. Diabet Med. 2009; 26: 293–301. https://doi.org/10.1111/j.

1464-5491.2009.02675.x PMID: 19317825

36. Whipple MO, Schorr EN, Talley KMC, Wolfson J, Lindquist R, Bronas UG, et al. Influence of Changes in

Sedentary Time on Outcomes of Supervised Exercise Therapy in Individuals with Comorbid Peripheral

Artery Disease and Type 2 Diabetes. Ann Vasc Surg. 2020; 68: 369–383. https://doi.org/10.1016/j.

avsg.2020.03.040 PMID: 32278867

37. Li Y-N, Shapiro B, Kim JC, Zhang M, Porszasz J, Bross R, et al. Association between quality of life and

anxiety, depression, physical activity and physical performance in maintenance hemodialysis patients.

Chronic Dis Transl Med. 2016; 2: 110–119. https://doi.org/10.1016/j.cdtm.2016.09.004 PMID:

29063031

38. Murphy SL, Kratz AL, Williams DA, Geisser ME. The Association between Symptoms, Pain Coping

Strategies, and Physical Activity Among People with Symptomatic Knee and Hip Osteoarthritis. Front

Psychol. 2012; 3: 326. https://doi.org/10.3389/fpsyg.2012.00326 PMID: 22969747

39. Pozehl BJ, Mcguire R, Duncan K, Hertzog M, Deka P, Norman J, et al. Accelerometer-Measured Daily

Activity Levels and Related Factors in Patients With Heart Failure. J Cardiovasc Nurs. 2018; 33: 329–

335. https://doi.org/10.1097/JCN.0000000000000464 PMID: 29538050

40. Miller G.D., Jakicic J.M., Rejeski W.J., Whit-Glover M.C., Lang W., Walkup M.P., et al. Effect of varying

accelerometry criteria on physical activity: The look AHEAD study. Obesity. 2013; 21: 32–44. https://

doi.org/10.1002/oby.20234 PMID: 23505166

41. Zhang Q, Schwade M, Schafer P, Weintraub N, Young L. Characterization of Sedentary Behavior in

Heart Failure Patients With Arthritis. Cardiol Res. 2020; 11: 97–105. https://doi.org/10.14740/cr1023

PMID: 32256916

42. Holber JP, Abebe KZ, Huang Y, Jakicic JM, Anderson AM, Belnap BH, et al. The Relationship Between

Objectively Measured Step Count, Clinical Characteristics, and Quality of Life Among Depressed

Patients Recently Hospitalized With Systolic Heart Failure. Psychosom Med. 2021. https://doi.org/10.

1097/PSY.0000000000001034 PMID: 34724453

43. Correia MA, Silva GO, Longano P, Trombetta IC, Consolim-Colombo F, Ritti-Dias RM, et al. In periph-

eral artery disease, diabetes is associated with reduced physical activity level and physical function and

impaired cardiac autonomic control: A cross-sectional study. Ann Phys Rehabil Med. 2021; 64: 101365.

https://doi.org/10.1016/j.rehab.2020.01.006 PMID: 32145411

44. Oliveira NL, Alves AJ, Ruescas-Nicolau M-A, Silva G, Teixeira M, Ribeiro F, et al. Arterial Stiffness is

Associated With Moderate to Vigorous Physical Activity Levels in Post-Myocardial Infarction Patients. J

Cardiopulm Rehabil Prev. 2019; 39: 325–330. https://doi.org/10.1097/HCR.0000000000000406 PMID:

30913044

45. Piette JD, Richardson C, Himle J, Duffy S, Torres T, Vogel M, et al. A randomized trial of telephonic

counseling plus walking for depressed diabetes patients. Med Care. 2011; 49: 641–648. https://doi.org/

10.1097/MLR.0b013e318215d0c9 PMID: 21478777

46. Reddy YNV, Rikhi A, Obokata M, Shah SJ, Lewis GD, AbouEzzedine OF, et al. Quality of life in heart

failure with preserved ejection fraction: importance of obesity, functional capacity, and physical inactiv-

ity. Eur J Heart Fail. 2020; 22: 1009–1018. https://doi.org/10.1002/ejhf.1788 PMID: 32150314

47. Schlenk EA, Fitzgerald GK, Rogers JC, Kwoh CK, Sereika SM. Promoting Physical Activity in Older

Adults With Knee Osteoarthritis and Hypertension: A Randomized Controlled Trial. J Aging Phys Act.

2020; 29: 207–218. https://doi.org/10.1123/japa.2019-0498 PMID: 32887850

48. Schneider KL, Panza E, Handschin B, Ma Y, Busch AM, Waring ME, et al. Feasibility of Pairing Behav-

ioral Activation With Exercise for Women With Type 2 Diabetes and Depression: The Get It Study Pilot

PLOS ONE Objectively measured physical activity in multimorbidity—A systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0274846 October 12, 2022 20 / 22

https://doi.org/10.1123/jpah.2013-0463
http://www.ncbi.nlm.nih.gov/pubmed/25109602
https://doi.org/10.1371/journal.pone.0225670
http://www.ncbi.nlm.nih.gov/pubmed/31794552
https://doi.org/10.1002/14651858.MR000027.pub2
http://www.ncbi.nlm.nih.gov/pubmed/22071866
https://gdt.gradepro.org/app/handbook/handbook.html
https://doi.org/10.1136/bmj.h870
http://www.ncbi.nlm.nih.gov/pubmed/25775931
https://doi.org/10.1111/j.1464-5491.2009.02675.x
https://doi.org/10.1111/j.1464-5491.2009.02675.x
http://www.ncbi.nlm.nih.gov/pubmed/19317825
https://doi.org/10.1016/j.avsg.2020.03.040
https://doi.org/10.1016/j.avsg.2020.03.040
http://www.ncbi.nlm.nih.gov/pubmed/32278867
https://doi.org/10.1016/j.cdtm.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/29063031
https://doi.org/10.3389/fpsyg.2012.00326
http://www.ncbi.nlm.nih.gov/pubmed/22969747
https://doi.org/10.1097/JCN.0000000000000464
http://www.ncbi.nlm.nih.gov/pubmed/29538050
https://doi.org/10.1002/oby.20234
https://doi.org/10.1002/oby.20234
http://www.ncbi.nlm.nih.gov/pubmed/23505166
https://doi.org/10.14740/cr1023
http://www.ncbi.nlm.nih.gov/pubmed/32256916
https://doi.org/10.1097/PSY.0000000000001034
https://doi.org/10.1097/PSY.0000000000001034
http://www.ncbi.nlm.nih.gov/pubmed/34724453
https://doi.org/10.1016/j.rehab.2020.01.006
http://www.ncbi.nlm.nih.gov/pubmed/32145411
https://doi.org/10.1097/HCR.0000000000000406
http://www.ncbi.nlm.nih.gov/pubmed/30913044
https://doi.org/10.1097/MLR.0b013e318215d0c9
https://doi.org/10.1097/MLR.0b013e318215d0c9
http://www.ncbi.nlm.nih.gov/pubmed/21478777
https://doi.org/10.1002/ejhf.1788
http://www.ncbi.nlm.nih.gov/pubmed/32150314
https://doi.org/10.1123/japa.2019-0498
http://www.ncbi.nlm.nih.gov/pubmed/32887850
https://doi.org/10.1371/journal.pone.0274846


Randomized Controlled Trial. Behav Ther. 2016; 47: 198–212. https://doi.org/10.1016/j.beth.2015.10.

005 PMID: 26956652

49. Zucatti ATN, de Paula TP, Viana LV, DallAgnol R, Cureau FV, Azevedo MJ, et al. Low Levels of Usual

Physical Activity Are Associated with Higher 24 h Blood Pressure in Type 2 Diabetes Mellitus in a

Cross-Sectional Study. J Diabetes Res. 2017; 2017: 6232674. https://doi.org/10.1155/2017/6232674

PMID: 29018827

50. Paula TP, Viana LV, Neto ATZ, Leitão CB, Gross JL, Azevedo MJ. Effects of the DASH Diet and Walk-

ing on Blood Pressure in Patients With Type 2 Diabetes and Uncontrolled Hypertension: A Randomized

Controlled Trial. J Clin Hypertens Greenwich Conn. 2015; 17: 895–901. https://doi.org/10.1111/jch.

12597 PMID: 26041459

51. Freedland KE, Carney RM, Rich MW, Steinmeyer BC, Rubin EH. Cognitive Behavior Therapy for

Depression and Self-Care in Heart Failure Patients: A Randomized Clinical Trial. JAMA Intern Med.

2015; 175: 1773–1782. https://doi.org/10.1001/jamainternmed.2015.5220 PMID: 26414759

52. Hult A, Johansson J, Nordström P, Nordström A. Objectively Measured Physical Activity in Older Adults

With and Without Diabetes. Clin Diabetes Publ Am Diabetes Assoc. 2019; 37: 142–149. https://doi.org/

10.2337/cd18-0041 PMID: 31057220

53. Izawa KP, Watanabe S, Oka K, Hiraki K, Morio Y, Kasahara Y, et al. Association between mental health

and physical activity in patients with chronic heart failure. Disabil Rehabil. 2014; 36: 250–254. https://

doi.org/10.3109/09638288.2013.785604 PMID: 23614372

54. Lambert JD, Greaves CJ, Farrand P, Price L, Haase AM, Taylor AH. Web-Based Intervention Using

Behavioral Activation and Physical Activity for Adults With Depression (The eMotion Study): Pilot Ran-

domized Controlled Trial. J Med Internet Res. 2018; 20: e10112. https://doi.org/10.2196/10112 PMID:

30012547

55. Moreira JSR, de Paula TP, Sperb LF, Miller MEP, Azevedo MJ, Viana LV. Association of plasma vita-

min D status with lifestyle patterns and ambulatory blood pressure monitoring parameters in patients

with type 2 diabetes and hypertension. Diabetes Res Clin Pract. 2018; 139: 139–146. https://doi.org/10.

1016/j.diabres.2018.02.038 PMID: 29518487

56. Tudor-Locke C, Hatano Y, Pangrazi RP, Kang M. Revisiting “how many steps are enough?” Med Sci

Sports Exerc. 2008; 40: S537–543. https://doi.org/10.1249/MSS.0b013e31817c7133 PMID: 18562971

57. Hains-Monfette G, Atoui S, Needham Dancause K, Bernard P. Device-Assessed Physical Activity and

Sedentary Behaviors in Canadians with Chronic Disease(s): Findings from the Canadian Health Mea-

sures Survey. Sports. 2019; 7: 113. https://doi.org/10.3390/sports7050113 PMID: 31100779

58. Gimeno-Santos E, Frei A, Steurer-Stey C, de Batlle J, Rabinovich RA, Raste Y, et al. Determinants and

outcomes of physical activity in patients with COPD: a systematic review. Thorax. 2014; 69: 731–739.

https://doi.org/10.1136/thoraxjnl-2013-204763 PMID: 24558112

59. Bassett DR, Wyatt HR, Thompson H, Peters JC, Hill JO. Pedometer-measured physical activity and

health behaviors in U.S. adults. Med Sci Sports Exerc. 2010; 42: 1819–1825. https://doi.org/10.1249/

MSS.0b013e3181dc2e54 PMID: 20305579

60. Althoff T, SosičR, Hicks JL, King AC, Delp SL, Leskovec J. Large-scale physical activity data reveal

worldwide activity inequality. Nature. 2017; 547: 336–339. https://doi.org/10.1038/nature23018 PMID:

28693034

61. Vancampfort D, Koyanagi A, Ward PB, Rosenbaum S, Schuch FB, Mugisha J, et al. Chronic physical

conditions, multimorbidity and physical activity across 46 low- and middle-income countries. Int J Behav

Nutr Phys Act. 2017; 14: 6. https://doi.org/10.1186/s12966-017-0463-5 PMID: 28100238

62. Chudasama YV, Khunti KK, Zaccardi F, Rowlands AV, Yates T, Gillies CL, et al. Physical activity, multi-

morbidity, and life expectancy: a UK Biobank longitudinal study. BMC Med. 2019; 17: 108. https://doi.

org/10.1186/s12916-019-1339-0 PMID: 31186007

63. Loyen A, Van Hecke L, Verloigne M, Hendriksen I, Lakerveld J, Steene-Johannessen J, et al. Variation

in population levels of physical activity in European adults according to cross-European studies: a sys-

tematic literature review within DEDIPAC. Int J Behav Nutr Phys Act. 2016; 13: 72. https://doi.org/10.

1186/s12966-016-0398-2 PMID: 27350359

64. Steeves JA, Shiroma EJ, Conger SA, Van Domelen D, Harris TB. Physical activity patterns and multi-

morbidity burden of older adults with different levels of functional status: NHANES 2003–2006. Disabil

Health J. 2019; 12: 495–502. https://doi.org/10.1016/j.dhjo.2019.02.005 PMID: 30871954

65. Migueles JH, Aadland E, Andersen LB, Brønd JC, Chastin SF, Hansen BH, et al. GRANADA consensus

on analytical approaches to assess associations with accelerometer-determined physical behaviours

(physical activity, sedentary behaviour and sleep) in epidemiological studies. Br J Sports Med. 2022;

56: 376–384. https://doi.org/10.1136/bjsports-2020-103604 PMID: 33846158

PLOS ONE Objectively measured physical activity in multimorbidity—A systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0274846 October 12, 2022 21 / 22

https://doi.org/10.1016/j.beth.2015.10.005
https://doi.org/10.1016/j.beth.2015.10.005
http://www.ncbi.nlm.nih.gov/pubmed/26956652
https://doi.org/10.1155/2017/6232674
http://www.ncbi.nlm.nih.gov/pubmed/29018827
https://doi.org/10.1111/jch.12597
https://doi.org/10.1111/jch.12597
http://www.ncbi.nlm.nih.gov/pubmed/26041459
https://doi.org/10.1001/jamainternmed.2015.5220
http://www.ncbi.nlm.nih.gov/pubmed/26414759
https://doi.org/10.2337/cd18-0041
https://doi.org/10.2337/cd18-0041
http://www.ncbi.nlm.nih.gov/pubmed/31057220
https://doi.org/10.3109/09638288.2013.785604
https://doi.org/10.3109/09638288.2013.785604
http://www.ncbi.nlm.nih.gov/pubmed/23614372
https://doi.org/10.2196/10112
http://www.ncbi.nlm.nih.gov/pubmed/30012547
https://doi.org/10.1016/j.diabres.2018.02.038
https://doi.org/10.1016/j.diabres.2018.02.038
http://www.ncbi.nlm.nih.gov/pubmed/29518487
https://doi.org/10.1249/MSS.0b013e31817c7133
http://www.ncbi.nlm.nih.gov/pubmed/18562971
https://doi.org/10.3390/sports7050113
http://www.ncbi.nlm.nih.gov/pubmed/31100779
https://doi.org/10.1136/thoraxjnl-2013-204763
http://www.ncbi.nlm.nih.gov/pubmed/24558112
https://doi.org/10.1249/MSS.0b013e3181dc2e54
https://doi.org/10.1249/MSS.0b013e3181dc2e54
http://www.ncbi.nlm.nih.gov/pubmed/20305579
https://doi.org/10.1038/nature23018
http://www.ncbi.nlm.nih.gov/pubmed/28693034
https://doi.org/10.1186/s12966-017-0463-5
http://www.ncbi.nlm.nih.gov/pubmed/28100238
https://doi.org/10.1186/s12916-019-1339-0
https://doi.org/10.1186/s12916-019-1339-0
http://www.ncbi.nlm.nih.gov/pubmed/31186007
https://doi.org/10.1186/s12966-016-0398-2
https://doi.org/10.1186/s12966-016-0398-2
http://www.ncbi.nlm.nih.gov/pubmed/27350359
https://doi.org/10.1016/j.dhjo.2019.02.005
http://www.ncbi.nlm.nih.gov/pubmed/30871954
https://doi.org/10.1136/bjsports-2020-103604
http://www.ncbi.nlm.nih.gov/pubmed/33846158
https://doi.org/10.1371/journal.pone.0274846


66. Koolhaas CM, van Rooij FJA, Schoufour JD, Cepeda M, Tiemeier H, Brage S, et al. Objective Measures

of Activity in the Elderly: Distribution and Associations With Demographic and Health Factors. J Am

Med Dir Assoc. 2017; 18: 838–847. https://doi.org/10.1016/j.jamda.2017.04.017 PMID: 28602617
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