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Abstract

Aim: To quantify the type and duration of physical activity performed by hospitalized adults.

Background: Inactivity is pervasive among hospitalized patients and is associated with increased 

mortality, functional decline, and cognitive impairment. Objective measurement of activity is 

necessary to examine associations with clinical outcomes and quantify optimal inpatient mobility 

interventions.

Methods: We used PRISMA guidelines to search three databases in December 2017 to retrieve 

original research evaluating activity type and duration among adult acute-care inpatients. We 

abstracted data on inpatient population, measurement method, monitoring time, activity duration, 

and study quality.

Results: Thirty-eight articles were included in the review and 7 articles were included in the 

meta-analysis. Study populations included geriatric (n=5), surgical (n=5), medical (n=12), post-

stroke (n=10), psychiatric (n=2), and critical care inpatients (n=4). To measure activity, 29% of 

studies used human observation and 71% used activity monitors. Among inpatient populations, 

87–100% of time was spent sitting or lying in-bed. Among medical inpatients monitored over a 

24-hour period, 70 minutes per day was spent standing/walking (95% CI 57–83 minutes).

Conclusions: This review provides a baseline assessment and benchmark of inpatient activity, 

which can be used to compare inpatient mobility practices. While there is substantial 
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heterogeneity in how researchers measure and define how much inpatients move, there is 

consistent evidence that patients are mostly inactive and in-bed during hospitalization. Future 

research is needed to establish standardized methods to accurately and consistently measure 

inpatient mobility over time.
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INTRODUCTION

Hospitalization frequently involves a period of prescribed bedrest until a patient is assessed 

as safe to mobilize. While bedrest promotes reduced oxygen consumption and metabolism, 

it also has molecular and physiologic effects that can adversely impact organ systems and 

physical functioning(1) and is associated with increased mortality, functional decline, and 

cognitive impairment(2, 3). Hospital inactivity can lead to muscle wasting with loss of up to 

30% of muscle mass within the first 10 days of critical illness(4), and can lead to impaired 

cardiopulmonary function including orthostatic instability, increased risk of venous 

thromboembolism, atelectasis, and aspiration(5, 6). Amidst growing recognition of the 

adverse effects of bedrest on patient outcomes, widespread efforts have focused on 

developing new models of care to promote inpatient activity.

Interventions to promote early mobility and progressive physical activity are increasingly 

prescribed and implemented from the outset of critical illness to hospital discharge (7, 8). 

Activity related interventions in the hospital typically consist of a variety of prescribed 

physical therapy interventions—e.g. range of motion, resistance, and gait-training exercises

— implemented by nurses, physical therapists, family members, and/or patients, depending 

on availability of resources, patient ability, and need(9). Obtaining objective and precise 

estimates of patient activity is fundamental to effectively assess, implement, and evaluate 

activity interventions during hospitalization.

In clinical practice, functional assessments and mobility interventions are documented in the 

electronic health record (EHR) roughly once per day, providing limited estimates of daily 

activity performed. Assessments typically measure a patient’s highest level of functioning, 

ability to perform activities of daily living, or level of assistance required. Rarely do EHR 

clinical notes quantify activity in a location easily retrievable and readily available for 

clinicians to track over time, analogous to vital sign or fluid balance monitoring. In 

comparison, researchers traditionally use two measurement methods to capture and quantify 

the proportion of time spent performing physical activity in the hospital. Behavior mapping

—a form of direct observation—involves a human observer systematically recording and 

coding patient behavior (10). While both detailed and precise, behavior mapping is labor 

intensive over extended time periods and may introduce observer bias(11). The second 

method uses wearable activity monitors embedded with wireless sensors to measure motion, 

orientation, joint angles, and/or step counts(12). With advances in device size, cost, and 

commercial availability, activity monitors are being increasingly implemented to measure 

activity among individuals with chronic health conditions and mobility limitations(13).
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Over the past 10 years, mounting research suggests that engaging in progressive activity 

promotes recovery post-operatively and prevents adverse events during acute illness(7, 8). 

However, multiple challenges to effective hospital mobility implementation remain, 

including: identifying patient subgroups most likely to benefit; developing classification 

standards for quantitative assessment of inpatient activity; and defining the appropriate dose 

and timing of therapy in real-world settings. Key to addressing these issues is a baseline 

assessment of inpatient activity and how activity is measured across inpatient populations. 

While a number of recent reviews have examined activity levels among single inpatient 

subpopulations and measurement types(14–16), we conducted this systematic review and 

meta-analysis to quantify the type and duration of physical activity performed by 

hospitalized adults across multiple inpatient settings and measurement methods.

METHODS

This review followed guidelines from the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA)(Appendix A)(17). With the aid of a medical librarian, we 

used a systematic approach to search multiple databases for research studies using subject 

headings and text keywords related to inpatient condition, methods for measuring activity, 

and patient movement (Appendix B). Selected terms were informed by relevant literature 

and included keywords specific to previous published reviews. Article selection criteria 

included: original research; published in English between 1995–2017; adult patients; acute-

care inpatient settings; and measurement of inpatient activity type and duration. Activity 

type and duration were chosen as the primary activity outcome metrics(18). Duration of 

physical activity can be calculated across both observational and sensor-based measurement 

methods and is more inclusive of low mobility populations, compared to ambulation-only 

metrics of activity such as step count. Exclusion criteria were studies that monitored patients 

for less than 6 hours, those that validated activity monitor algorithms, or were conducted in 

outpatient settings, long-term care, inpatient rehabilitation units, or with participants 

younger than 18 years old. Our search was conducted in December 2017 in PubMed, 

Cumulative Index to Nursing and Allied Health Literature, and SCOPUS databases. 

Additional articles were identified by reviewing references of identified studies.

Study Selection

The search yielded 1,916 published papers (Figure 1). After duplicates were removed, two 

reviewers independently screened titles and abstracts from 1,648 articles for eligibility using 

criteria previously specified. DisagreeMAments in selection were adjudicated by consensus. 

Seventy-eight full-text articles were retrieved and assessed. We excluded an additional 40 

papers because they did not report duration of activity performed, or only reported frequency 

of activity milestones. After full-text review, we included 38 articles in our systematic 

review and 7 studies in our meta-analysis.

Data Extraction

We abstracted relevant data from 38 articles using a standardized data extraction template, 

organized by: first author; study design; year published; population; sample size; 

measurement method and monitoring period; activity outcome category measured; and 

Fazio et al. Page 3

Appl Nurs Res. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



activity duration results (Table 1). Two reviewers completed the data extraction 

independently and discrepancies were resolved by a third reviewer.

Statistical Analysis

A meta-analysis was performed to estimate inpatient standing/walking time using a random 

effects model (k=7). Due to the differences in acute-care subpopulations and how inpatients 

were observed, we only included studies measuring activity over a continuous 24-hour 

period among medical inpatients. The effect sizes for the studies were combined using 

inverse variance weights. For studies that reported median and interquartile ranges, we 

estimated the standard error using the equation: [quartile3–quartile/1.35](19). Heterogeneity 

across studies was assessed using the I2 statistic.

Quality Assessment

Twelve items selected from the Downs & Black checklist(20) related to observational 

studies were used the assess research quality (Appendix C). Studies were scored using a 

yes/no rating by a reviewer on a scale from 0–12. The highest possible quality score rating a 

study could receive based on the items selected was 12.

RESULTS

Study Characteristics

The 38 studies included in this review were conducted primarily in Europe (42%)(21–36), 

Australia or New Zealand (29%)(37–47), and the United States (21%)(48–54). Sample sizes 

ranged from 10–317 participants. Mean age of participants ranged from 25–85 years old. 

Eighty-nine percent of studies were performed in an acute-care setting (n=34), while 11% 

were conducted in an intensive care unit (ICU) (n=4). Quality assessment scores ranged 

from 7–12 (median=10). The highest scored items were related to reporting of study 

methods and findings. The lowest rated items were related to external validity, patient 

sampling, and recruitment methods.

Activity Definitions and Measurement Methods

All studies measured and reported activity duration during hospitalization, however given 

the range of definitions used to quantify activity types performed across studies (Table 2), 

meta-analysis for all activity duration outcomes was not possible. Most studied categorized 

activity by patient position (e.g. lying, sitting, standing and/or walking) (n=27). Methods for 

monitoring inpatient activity included direct observation with human observers (n=11) and 

activity monitors (n=27). Total monitoring time for observation ranged from 7.5–48 hours, 

while studies using activity monitors ranged from 6.5-hours up to 7 days. Four human 

observation(44, 46, 47, 52) and two activity monitor studies(55, 56) monitored patients for 

shorter time periods combined across multiple days, and though many activity monitor 

device studies recorded activity for longer than 24-hours, authors predominantly reported 

activity findings over the course of a 24-hour day.
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Activity Among Hospitalized Adults

Among 7 studies that reported activity duration over a continuous 24-hour period(32, 33, 37, 

53–56), hospitalized adults spent between 87–100% of time lying in-bed or sitting. For 12 

studies that reported activity observed during daytime work hours, 10 reported that over 81% 

of monitored time was spent in-bed(23, 26, 35, 36, 41, 43–47), with two studies reporting 

65% and 72% of time spent in-bed(42, 57). For the 11 studies that examined activity 

duration using an activity intensity categorization, between 60–100% of the day was spent 

inactive or engaged in light activities, such as turning or re-adjustment in-bed(25, 34, 36, 38, 

39, 43, 46, 48, 51, 52, 58). When moderate-vigorous activity did occur, it lasted for less than 

10 minutes according to 4 studies(28, 30, 39, 48), and between 30–95 minutes according to 

5 studies(25, 34, 38, 44, 58).

In acute-care settings, time spent in lying or sitting positions was 89–99% for inpatients in 

medical or surgical units(26, 32, 37, 45, 47, 53–56), 81–94% for patients following stroke 

during daytime business hours(23, 35, 41, 44, 46, 57) and 100% for ICU patients(36, 43, 51, 

52). Combined average standing/walking time among studies in acute-care was measured 

between 16–66 minutes for post-operative surgical inpatients(21, 26, 37, 40), 66–117 

minutes for geriatric inpatients(22, 24, 32, 50), 1–184 minutes for medical inpatients(27, 42, 

45, 47, 53–56), 107 minutes for psychiatric inpatients(33) and 10–86 minutes for post-stroke 

inpatients(23, 31, 35, 41, 44, 46, 57). In the 4 studies reporting ICU activity, no patients 

ambulated(36, 43, 51, 52). The weighted mean effect size for time spent standing/walking by 

medical inpatients was 70 minutes [95% CI 57–83 minutes] (Figure 2), however, there was 

substantial heterogeneity among studies (I2=75%).

DISCUSSION

This review quantified the results of original research measuring the type and duration of 

physical activity performed by hospitalized adults, describes results across inpatient 

populations and measurement methods, and provides a point estimate for medical inpatient 

standing/walking time. Estimates of patient activity during hospitalization using both direct 

observation and activity monitors suggest patients are largely inactive during their hospital 

stay. The majority of the studies report between 87–100% of the day patients are inactive or 

in-bed, with patients in the ICU experiencing the highest level of inactivity. Our findings of 

low levels of activity among inpatients are supported by other recent reviews that also 

reported high rates of inactivity among specific inpatient subpopulations, including medical 

and surgical inpatients (93–98.8%)(15), patients post stroke (>78%)(14), and orthopedic 

surgery (76–99%)(16). Baldwin and colleagues also reviewed adult medical surgical 

inpatient activity, however they only reviewed studies that used activity monitor devices and 

found that medical and surgical adult inpatients spend between 1–6% of time per day 

standing/walking(15). Our study expands on previous single population or measurement 

method reviews, and is novel in its inclusion of studies that use both behavior mapping and 

activity monitors to measure inpatient activity across a broad spectrum of inpatient 

populations, its inclusion of studies published through December 2017, and in its conduct of 

a meta-analysis to identify a standing/walking duration point estimate of 70 minutes that can 
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serve as a benchmark for performance results of standing/walking time across research and 

clinical sites that measure inpatient daily activity duration.

Across all populations examined, patients in the ICU had the highest rates of inactivity. 

While there were no reported episodes of standing/walking among the ICU studies we 

examined, low levels of physical activity have also been reported among large ICU point 

prevalence studies, with less than 54% of ICU patient days involving mobility in general and 

0–24% of days involving out-of-bed mobility (59–61). Among acute-care inpatient 

populations, no specific patient population engaged in substantially more physical activity 

than others, with all subgroups exhibiting high rates of time spent inactive. Large differences 

in standing/walking time were present among studies within the same population subgroups, 

making direct comparisons challenging.

The substantial heterogeneity in inpatient activity definitions and categorizations is a major 

barrier to mobility research, comparative analysis across studies, and its application to 

clinical practice. While the World Health Organization suggests quantifying physical activity 

by four main dimensions: frequency, intensity, duration, and type(18), these activity 

measurements are rarely all documented in clinical practice or reported in research. Most 

studies estimating translation of early mobility protocols report only point prevalence or 

percentage of patients who mobilized out of bed, but do not provide duration(59, 60). 

Randomized controlled trials often only provide intervention duration, or highest level of 

activity achieved, and do not track activity that occurs outside the prescribed intervention, 

such as patient or nurse initiated activity(62, 63). Further, studies that conflate activity type 

with patient position can be challenging to compare, limiting quantitative analysis across 

studies and populations. In clinical practice, activity is documented differently across 

clinicians groups using an assortment of assessment tools(64). Until there is standardization 

of definitions to measure and quantify inpatient activity longitudinally, across day, evening 

and night hours, advances in the study of inpatient activity, generalizability of findings, and 

the ability to track patient mobility in practice will be limited.

Researcher decisions related to data collection methods to estimate inpatient activity 

duration may also introduce bias in activity measurement. Use of only behavior mapping 

may either under or overestimate daily patient activity when observations are performed 

during business hours or are sampled at brief intervals, such as 1 minute every 10–15 

minutes, as ambulation episodes are often less than 2 minutes in duration(65), potentially 

underestimating important but rare out-of-bed patient mobility events. Furthermore, given 

the labor involved in performing behavior mapping, most studies use human observers to 

measure activity during daytime hours only, potentially missing activity that occurs in the 

evening or overestimating total daily activity time. In this regard, our review of studies found 

that activity monitor device studies that measured activity over 24-hours, showed patients 

were lying or sitting greater than 87% of the total day, compared to behavior mapping 

studies, where 3 author groups found lower proportions of lying or sitting during daytime 

monitoring. In contrast, activity monitors allow for objective, longitudinal and continuous 

sampling of activity without need for human intervention and are increasingly used in 

research. Despite rapid advancements in automated monitoring of activity, sensor-based 

devices have not been widely integrated into clinical practice due to issues related to 
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feasibility, validity, and reliability. Activity monitor accuracy may vary across device 

manufacturers, activity outcomes (e.g. step count versus classifying postures)(66, 67), body 

placement(68), and populations with limited mobility(66, 69). As a result, attention must be 

taken when applying activity monitors to new populations or activities where device 

accuracy has not been specifically tested(66, 70). While the rapid evolution of sensor-based 

technologies may hold great promise for both research and clinical applications, 

considerations around accuracy, standardization of activity outcomes, cost, and clinician 

workflow must be addressed before continuous activity monitoring is adopted routinely in 

practice.

Given the substantial heterogeneity in definitions and measurement strategies to estimate the 

amount of physical activity performed among hospitalized adults, we propose several 

recommendations related to inpatient activity measurement to encourage consistency in 

recording and reporting of activity outcomes data and improve the ability to translate 

research findings into practice (Figure 3). Independent of measurement methodology, 

standardization of inpatient activity monitoring and outcomes reporting will improve the 

ability to interpret and combine future studies and inpatient activity performance reported 

across institutions. The findings from our review and meta-analysis, while research focused, 

should also directly impact clinical practices around documentation of inpatient activity so 

that data routinely collected in clinical practice can better contribute to future research, 

quality and process improvement initiatives, and eventually, for use in real time clinical 

decision support.

This review has several important limitations worth consideration. By limiting search terms 

to acute-care populations and restricting activity outcome to activity type and duration, we 

may have excluded literature measuring other activity outcomes, such as steps taken. 

Second, we could not measure the effect of disease severity on inpatient activity type and 

duration performed across settings. Third, due to heterogeneity in definitions and 

measurement techniques, we were unable to examine point estimates of major activity 

subtypes and patient populations apart from standing/walking in medical inpatients, which 

will be an important aspect of future prospective research in hospitalized populations. 

Fourth, by including studies that utilized human observation and activity monitors, we may 

have introduced bias in our estimates of activity, as behavior mapping studies were shorter in 

duration than activity device studies but reported activity performed over the course of a 

“day”.

CONCLUSION

This review provides a baseline assessment of inpatient activity, which can be used to 

compare future research and inpatient physical activity practices. While there is substantial 

heterogeneity in how researchers measure and define how much hospitalized adults move, 

there is consistent evidence that patients are mostly inactive and in-bed during 

hospitalization. In order to improve inpatient mobility and progressive activity interventions, 

we must first be able to monitor activity in a way that is accurate, clinically meaningful, and 

does not add an increased burden on already heavy clinician workloads and documentation 

requirements. Future research should establish standardized methods for evaluating inpatient 
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activity outcomes and a more complete view of inpatient mobility over time. Such efforts 

will advance the science of inpatient mobility and improve translation of data-driven care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Objective estimates of activity are necessary to optimize inpatient mobility 

interventions

• Key to addressing these issues is a baseline assessment of inpatient activity

• We reviewed studies measuring type and duration of activity performed by 

hospitalized adults

• There is consistent evidence that hospitalized adults are mostly inactive and 

in-bed

• There is substantial heterogeneity in how researchers measure and define how 

much inpatients move
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Figure 1. PRIMSA Flow Diagram
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Figure 2. Forest plot of minutes spent standing/walking for medical inpatients monitored for at 
least 24 hours weighted by study sample size
*Denotes studies that reported median and/or interquartile range.

The equation Q3-Q1/1.35 was used to estimate the standard error for these studies.
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Figure 3. Recommendations for Measurement and Reporting of Inpatient Physical Activity 
Monitoring in Research and Clinical Practice
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Table 2.

Comparison of Activity Duration Definitions

Activity 
Category

Activities and Positions 
Reported

Heterogeneity Challenges Number of 
Studies

References

Position Time spent: lying, sitting, 
standing, walking, other, upright, 
sitting in bed, sitting out of bed

Not all studies report all categories. 
Some positional categories are 
combined.

27 (21–24, 26, 27, 31–33, 
35–38, 40–47, 50, 53–57)

Activity 
Intensity

Time spent: sedentary, or 
performing light, moderate, or 
vigorous activity

Defined by assigning cutoffs to raw 
data counts or energy expenditures. 
Thresholds vary across studies.

9 (25, 28–30, 38, 39, 48, 49, 
58)

Activity Level Time spent: no activity, minimal 
activity, non-therapeutic activity, 
therapeutic activity

Assigns a ‘level’ based on patient 
activity types. Studies mix positions 
and intensity.

7 (34, 42, 44, 46, 51, 52, 57)

Combination Time spent: lying & active, sitting 
& sedentary, sitting & active

Difficult to compare to other studies 
due to combinations.

4 (38, 42, 44, 46)
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