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BACKGROUND: In adults hospitalized with community-acquired pneumonia (CAP), increasing
ward-based walking may reduce length of stay (LOS). There are few data to describe ward-based
walking in this population. In adults hospitalized with CAP, we aimed to report variables of walking
and non-walking time, to determine whether demographic or clinical variables influenced daily step
count, and to determine whether daily step count influenced LOS. METHODS: Following admis-
sion, daily step count and variables related to walking and non-walking time were quantified using
the StepWatch Activity Monitor. Details regarding demographics, clinical characteristics, clinical
care, and LOS were extracted from the medical records and hospital electronic data systems.
Frailty was calculated via the 7-point Clinical Frailty Scale; disease severity was measured via the
CURB-65 score. Health care utilization at 30 d following discharge was measured via telephone
interview. RESULTS: Two hundred participants completed the study, of whom 121 contributed
> 24 h of data from the StepWatch Activity Monitor. The median (interquartile range (IQR))
number of daily steps was 926 (457–1706). These were accumulated over 66 (41–121) min/d, with
a usual bout duration of 3 (2–4) min and 1-min peak cadence of 56 (43–74) steps/min. An average
of 93% (89–96) of waking hours was spent in non-walking time. In the multivariable model,
increased frailty was retained as a predictor of lower step count (incidence rate ratio [IRR] 0.59,
95% CI 0.41–0.85). For every increase in 500 steps/d, LOS reduced by 11% (IRR 0.89, 95% CI
0.80–0.99). CONCLUSIONS: Subjects hospitalized with CAP did very little walking, most of which
was accumulated in short bouts at a low intensity. Compared with subjects with mild frailty, those
with moderate to severe frailty took 59% fewer steps per day. Those with a higher daily step count
had a shorter LOS. Key words: community-acquired pneumonia; hospital; physical activity; physio-
therapy; rehabilitation; respiratory. [Respir Care 2020;65(4):455–463. © 2020 Daedalus Enterprises]

Introduction

Community-acquired pneumonia (CAP) is defined as an
acute infection of the lower respiratory tract occurring in a

patient who has not resided in a hospital or health care
facility in the previous 14 d.1 Earlier work has shown that,
following a hospitalization for CAP, adults report a de-
cline in exercise capacity and difficulty undertaking activ-
ities of daily living.2,3 The reasons for these impairments
are likely to be multifactorial but include cardiovascular
and skeletal muscle deconditioning that results from con-
valescence.4-6 Given what is known in other hospitalized
populations,7,8 we would expect that adults hospitalized
with CAP accumulate very little walking-based activity.
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To date there is a lack of objective data describing baseline
physical activity and physiotherapy practice patterns in
adults hospitalized with CAP.

There are 3 randomized controlled trials in adults hos-
pitalized with CAP that have examined the effect of in-
creasing ward-based physical activity during hospitaliza-
tion by initiating exercise training or ambulation as a
strategy to ameliorate these sequelae.9-11 Data from these
studies suggest that, in adults hospitalized with CAP, those
who engaged in an intervention designed to increase phys-
ical activity during hospitalization had better exercise ca-
pacity at the time of discharge and a shorter hospital length
of stay (LOS) when compared to a usual care group. How-
ever, a limitation of these studies was that the character-
istics of those who undertook the least physical activity
were not reported. In a busy clinical environment, infor-
mation regarding factors that influence walking-based ac-
tivity in adults hospitalized with CAP will assist health
care professionals in targeting those who are most likely to
benefit from an in-patient walking-based program.

The aims of this study were to report variables pertain-
ing to walking and non-walking time, to determine whether
demographic or clinical variables influenced daily step
count, and to determine whether daily step count influ-
enced health care utilization in adults who had been ad-
mitted to a teaching hospital with CAP.

Methods

A prospective, observational study was undertaken in
which patients who met the study criteria were approached
within 24 h of admission to Royal Perth Hospital, a 500-
bed teaching hospital in Western Australia. Approval was
obtained from the Royal Perth Hospital Human Research
Ethics Committee (REG 2015-077) with reciprocal ap-
proval at Curtin University (HRE 2017-0021). All partic-
ipants gave written informed consent to participate.

Subjects

Patients were eligible for inclusion if they were � 18 y
old and had a diagnosis of CAP. Diagnostic criteria com-
prised any new infiltrate on chest radiograph and either
1 major criteria (eg, cough, sputum production, or temper-
ature � 37.8°C) or 2 minor criteria (eg, pleuritic chest
pain, dyspnea, altered mental status, pulmonary consoli-
dation on examination, or leukocyte count � 12,000/�L).11

Patients were excluded if they required admission to the
ICU, were non-ambulant prior to admission (as determined
using the medical notes), had a diagnosis of aspiration
pneumonia, were not expected to survive the admission
(ie, were deemed terminal), or consent was not obtained
(eg, patient declined to consent, or patient could not con-

sent to participate in the study due to cognitive impairment
or an inability to understand English).

Recruitment

Potential subjects were screened daily using the hospital
electronic data system. Specifically, bed lists of wards
were examined for patients who had been admitted with a
diagnosis that was captured using any of the following key
search terms: shortness of breath, febrile, pneumonia, or
respiratory infection. Once identified, study criteria were
applied.

Measurement

Variables Used to Describe Subject Characteristics.
Patients admitted to a ward had been assessed by staff in
the emergency department and the ward medical team.
Assessment results were extracted from the medical notes
or hospital electronic data systems and used to describe the
characteristics of the study subjects. Clinical variables in-
cluded breathing frequency, blood pressure, and the pres-
ence of confusion at the time of admission. Other variables
included age, gender, level of independence with ambula-
tion, social situation, and smoking history. Laboratory vari-

QUICK LOOK

Current knowledge

Adults report a decline in exercise capacity and diffi-
culty undertaking activities of daily living at the time of
discharge following hospitalization for community-ac-
quired pneumonia (CAP). Studies have investigated the
effect of increasing ward-based physical activity during
the period of hospitalization for CAP. The data suggest
that, compared to a group that received usual care, sub-
jects who engaged in an intervention designed to in-
crease physical activity during hospitalization had bet-
ter exercise capacity at the time of discharge and a
shorter hospital stay.

What this paper contributes to our knowledge

This prospective, observational study objectively mea-
sured walking-based activity in a large sample of adults
hospitalized with CAP. This study indicated that adults
hospitalized with CAP do very little walking, in very
short bouts at low intensity, and spend � 90% of their
waking hours in mostly uninterrupted non-walking time.
Greater clinical frailty was associated with a lower daily
step count, and a lower daily step count was associated
with a longer hospital stay.
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ables included white cell count, C-reactive protein, hemo-
globin, blood albumin, and organisms detected in sputum
sampling. Radiographic data included pulmonary consol-
idation and pleural effusion.

Walking and Non-Walking Time. Variables related to
walking and non-walking time were measured using a Step-
Watch Activity Monitor (StepWatch Modus Health, Wash-
ington, DC). This small (75 � 50 � 20 mm), water-
resistant, microprocessor-controlled step counter was
applied to the participants’ right ankle. The StepWatch
Activity Monitor produces accurate measures of step
count,12 even for individuals who walk with very slow gait
speeds and those who use a walking aid.13 Participants
were instructed to wear the device continuously from the
time of recruitment until hospital discharge.

Possible Predictors of Daily Step Count. Variables
related to participant characteristics that were assessed as
possible predictors of average daily step count included
age, disease severity, presence of a pleural effusion, and
frailty. Disease severity was calculated via the pneumonia-
specific CURB-65 score, which is a validated disease se-
verity tool used in adults with CAP (see the supplementary
materials at http://www.rcjournal.com).14,15 The scores are
determined from clinical and laboratory findings and range
from zero to five, with higher scores indicating higher
disease severity. Data for this score were obtained from
the medical notes.

Frailty was calculated for all participants at the time
of admission via the 7-point Clinical Frailty Scale (see
Table 1).16 Information used to derive the score, such as
the level of independence with activities of daily living
and personal care, and the presence of comorbidities

were extracted from the medical notes. Scores range
from 1 to 7, with higher scores indicating higher frailty.
This tool, developed by Rockwood et al,16 has been
validated in community-dwelling older adults, and it
has been used in clinical practice and research con-
ducted in hospitalized older adults and other respiratory
populations.17-20

Variables related to medical management that were as-
sessed as possible predictors of average daily step count
were new use of supplemental oxygen, new use of nonin-
vasive ventilation, presence of a pleural effusion, and pres-
ence of an intercostal catheter. The number of occasions of
physiotherapy service was also assessed as a possible pre-
dictor of average daily step count. This was the reported
number of occasions of physiotherapy service per patient,
per episode of hospitalization.

Health Care Utilization Data. Data pertaining to LOS
were calculated using hospital electronic systems. At 30 d
following hospital discharge, a brief telephone interview
was conducted to capture data regarding the number of
presentations to a general practitioner or emergency de-
partment and the number of hospital readmissions.

Management of StepWatch Activity Monitor Data

Data from the StepWatch Activity Monitor were ana-
lyzed using purpose-built programs developed in LabVIEW
Service Pack 1 (National Instruments, Austin, Texas) and
SigmaPlot (SYSTAT Software, San Jose, California). To
be included in these analyses, subjects needed to contrib-
ute data over a minimum of one 24-h period and thereaf-
ter; all days during which the participant wore the activity
monitor for a complete 24-h period were included in the

Table 1. Clinical Frailty Scale

Category Category Name Description

1 Very fit People who are robust, active, energetic, and motivated. These people commonly exercise regularly. They are
amongst the fittest for their age.

2 Well People who have no active disease but are less fit than category 1. Often, they exercise or are very active
occasionally (eg, seasonably).

3 Managing well People whose medical problems are well controlled but are not regularly active beyond routine walking.
4 Vulnerable While not dependent on others for daily help, their symptoms often limit activities. A common complaint is

being “slowed up” or being tired during the day.
5 Mildly frail These people often have more evident slowing and need help in high-order IADLs (eg, finances,

transportation, heavy housework, medications). Typically, mild frailty progressively impairs shopping and
walking outside alone, meal preparation, and housework.

6 Moderately frail People need help with all outside activities and with keeping house. Inside they often have problems with
stairs and need help with bathing, and they might need minimal assistance (eg, cuing, standby) with
dressing.

7 Severely frail Completely dependent for personal care from any cause (physical or cognitive). Even so, they seem stable
and not at high risk of dying (ie, within �6 months).

IADL � instrumental activities of daily living
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analyses. All 1-min epochs during which step count was
� 0 were classified as walking time. For each subject, the
following variables were extracted for each 24-h sampling
period, then averaged and reported as an average daily
measure: step count, walking time, the number of transi-
tions from non-walking time to walking time, the time
spent in cadence bands defined by the United States
National Health and Nutrition Examination Survey,21 and
1-min peak cadence, which was used as a measure of
walking intensity. The cadence bands were used to stratify
the speed of walking and represent the time spent in each
increment.

Thereafter, to explore patterns of accumulation for each
subject, usual bout duration for walking time (UBDWT)
was calculated using data available across all 24-h sam-
pling periods. The methodology used to calculate UBDWT

has been described elsewhere22-24; it represents bout du-
ration above and below which half of all walking time is
accrued and is akin to the half-life in pharmaceutical stud-
ies.22-24

To calculate variables related to non-walking time, the
confounding effect of overnight sleeping time was removed
by restricting data available for these analyses to that col-
lected between 0700 to 1859. During this time, all 1-min
epochs during which step count � 0 were classified as
non-walking time. For each subject, the following vari-
ables were extracted for each 12-h sampling period, then
averaged and reported as an average daily measure: total
non-walking time, and the number of transitions from walk-
ing time to non-walking time. Thereafter, for each sub-
ject’s usual bout duration for non-walking time (UBD-

NWT) was calculated using data available across all 12-h
sampling periods.

Statistical Analyses

Analyses were performed using the Statistical Package
for the Social Sciences 25 (IBM, Armonk, New York). To
address the first research aim, descriptive statistics were
used to report variables pertaining to walking and non-
walking time.

To address the second research aim, negative binomial
regression was used with daily step count as the dependent
variable; the following characteristics were used as inde-
pendent variables: age, disease severity, presence of a pleu-
ral effusion, frailty, new prescription of supplemental ox-
ygen, new prescription of noninvasive ventilation, presence
of a pleural effusion, presence of an intercostal catheter,
and number of occasions of physiotherapy service were
entered as independent variables. Independent variables
measured on ordinal scales were collapsed to binary cat-
egories. Specifically, CURB-65 scores of 0–1 were grouped
as less severe, and scores 2–5 were grouped as more se-
vere. Frailty scores of 1–3 were grouped as frailty score

� 4, and scores of 4–7 were grouped as frailty score � 4.
Physiotherapy occasions of service was grouped as 0–1
occasion of service and � 2 occasions of service. Linear
regression (with, where necessary, bootstrapping to man-
age departures from normality) was used to determine
whether the variables retained in the multivariable model
were also predictors of UBDWT and 1-min peak cadence.
P values � .05 denoted statistical significance.

To address the third research aim, negative binomial
regression was used to explore the association between
daily step count and hospital LOS, and between daily step
count and the number of 30-d hospital readmissions.

Results

Subjects

The flow of subjects into the study is shown in Figure 1.
A total of 1,263 patients were screened to determine their
eligibility; of these, 200 subjects met the study criteria.
Characteristics of the sample are shown in Table 2. A total
of 175 subjects agreed to wear the StepWatch Activity
Monitor, of whom 121 contributed data to the final anal-
yses (Fig. 1). Data from the StepWatch Activity Monitor
were available for 3–4 d. See the supplementary materials
at http://www.rcjournal.com for the characteristics of those
who contributed activity data.

Antibiotic Therapy

All subjects received antibiotic therapy consistent with
antibiotic guidelines. Most participants received a �-lac-
tam and a macrolide, although the individual agent varied
depending on physician preference and a subject’s aller-
gies.

Variables Pertaining to Walking and Non-Walking
Time

The average daily step count was median (IQR) 926
(457–1706). These steps were taken over 66 (41–121) min,
which was equivalent to 9% (6–17) of a 12-h day. The
number of transitions from non-walking time to walking
time was 31 (20–46). The UBDWT was 3 (2–4) min. The
amount of time spent in each cadence band is reported in
Table 3. The median 1-min peak cadence was 56 (43–74)
steps/min.

During waking hours, the average non-walking time
was 672 (639–691) min, which was equivalent to 93%
(89–96) of waking hours. The number of transitions from
walking time to non-walking time was 32 (21–47). The
UBDNWT was 85 (55–128) mins.

STEP COUNT IN ADULTS WITH CAP
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Predictors of Daily Step Count, UBDWT, and 1-min
Peak Cadence

The results of the analyses that explored predictors of
average daily step count are presented in Table 4. Briefly,
in the univariate model, variables that influenced aver-
age daily step count were frailty, disease severity, and

physiotherapy occasions of service. See the supplemen-
tary materials at http://www.rcjournal.com for the char-
acteristics of subjects grouped according to these vari-
ables. In the multivariate model, only frailty was retained.
Frailty was also found to be a significant predictor of
UBDWT (r2 � 0.17, P � .001) and 1-min peak cadence
(r2 � 0.05, P � .01).

Assessed for eligibility
1,263

Excluded
1,061

Cognitive impairment: 118
Inability to understand English: 16
Non-ambulant prior to admission: 49
Aspiration pneumonia: 31
Hospital-acquired pneumonia: 23
Terminal condition: 8
Admission to ICU: 42
No diagnosis of CAP: 750
Declined to participate: 10
Patient unavailable: 14

Clinical management and HCU data
200

StepWatch data analyzed
121

StepWatch data available
121

> 24 h of StepWatch data 
available: 114
Requested removal of 
StepWatch due to: itching: 2,
discomfort: 3, not specified: 2

StepWatch data not available
79

Participant did not consent to 
wearing a StepWatch: 11
Participant about to be 
discharged: 13
< 24 h of StepWatch data 
available: 52
Requested removal of 
StepWatch due to: discomfort: 1,
intolerance: 1, feeling
overwhelmed: 1

Withdrawn due to 
changed diagnosis 

2

Recruited
202

Fig. 1. Flow chart. CAP � community-acquired pneumonia; HCU � health care utilization.
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Daily Step Count as a Predictor of Health Care
Utilization

For every increase in average daily step count of
500 steps, LOS reduced by 11% (IRR 0.89, 95% CI 0.80–
0.99, P � .037). There was no clear effect of an increase
in average daily step count (by 500 steps) on 30-d read-
mission (IRR 1.12, 95% CI 0.80–1.56, P � .51).

Discussion

In this prospective, observational study, adults hospital-
ized with CAP had an average daily step count of 926
(457–1706) steps. These steps were accumulated over 66
(41–121) mins and in short bursts (ie, 3 (2–4) mins). A
large proportion of waking hours were spent in non-walk-
ing time (93% (89–96)). A frailty score of � 4 was iden-
tified as a predictor of lower daily step count (IRR 0.59,
95% CI 0.41–0.85). Further, greater average daily steps
were associated with a reduced LOS (IRR 0.89, 95% CI
0.80–0.99).

Data reporting walking-based activity in adults who are
hospitalized are scarce. Earlier work has shown that adults
hospitalized with an exacerbation of COPD took an aver-
age of 602 steps/d (SD 610),7 and older adults hospitalized
with a general medical condition took an average of

Table 2. Subject Characteristics

Age, y 66.8 � 18.2
Male 129 (65)
Clinical Frailty Scale (scores 1–7) 3 (3–4)
CURB-65 (scores 0–5) 1 (1–2)
Presence of a pleural effusion 45 (23)
Total number of occasions of physiotherapy service 1 (1–4)
Use of new supplemental oxygen 116 (58)
Independent ambulation with or without a walking

stick prior to admission
165 (83)

Ambulation with some form of assistance 34 (17)
Non (never)-smoker 68 (34)
Aboriginal or Torres Strait Islander 22 (11)
Presence of a chronic respiratory comorbid

condition
80 (40)

Presence of a cardiovascular comorbid condition 129 (65)
Presence of a metabolic condition 86 (43)
Length of stay, d 4 (2–6)
30-d GP presentations (n � 144) 112 (78)
30-d ED presentations (n � 145) 20 (14)
30-d readmissions (n � 147) 22 (15)
30-d mortality (n � 151) 3 (2)

N � 200 subjects. Data are expressed as mean � SD, median (IQR), or n (%).
CURB-65 � confusion, urea, respiratory rate (ie, breathing frequency), blood pressure,
age � 65 y
GP � general practitioner
ED � emergency department
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764 steps/d (SD 706).8 Our data reveal a slightly higher
average daily step count of 926 (IQR 1,249) steps in adult
subjects hospitalized with CAP. This difference does not
relate to the sensitivity of the monitors because validated
accelerometers were used in all 3 studies.13,25 It is possible
that, in the study conducted in adults with a general med-
ical condition, the older age of the sample (ie, 77 � 7 y),
contributed to the lower average daily step count report.8

It has been well established that participation in physical
activity decreases with advancing age.26 In the study con-
ducted in adults with a COPD exacerbation, lower step
count was unrelated to differences in the age or time spent
walking, expressed as a percentage of a 12-h day, both of
which were remarkably similar between the 2 studies.7

It seems that the lower number of steps reported in the
study of people hospitalized with an exacerbation of COPD
was due to the subjects adopting a slower average cadence
during periods of waking, which possibly reflects the chro-
nicity of their condition.7 Nevertheless, it is worth noting
that the 1-min peak cadence reported in our study (ie,
56 [31] steps/min) was considerably lower than that re-
ported in a large sample of community-dwelling older adults
aged � 70 y (ie, 82 steps/min, 95% CI 79–84)27 and those
with metabolic syndrome (103 � 13 steps/min).28 Further,
our study also demonstrated that the little time spent in
walking-based activity was at slow walking speeds (see
Table 3). The time spent in medium walking in our study
(0 [1] min) was even less in comparison to the time spent
in medium walking in male adults with stable COPD
(5 � 4 mins).29

Our data show that walking in adult subjects hospital-
ized with CAP was accumulated in very short bouts. This
is notable because the subjects included in these analyses

received, on average, 2 (3) occasions of service by a phys-
iotherapist. This highlights the need for a multidisciplinary
approach to facilitate and encourage participation in phys-
ical activity on the ward.

Our study identified frailty as a significant predictor of
daily step count (P � .01), UBDWT (P � .001), and 1-min
peak cadence (P � .01). In several clinical populations,
there is increasing recognition that frailty is a predictor of
poor health outcomes. Specifically, after hospital discharge
for a COPD exacerbation, subjects classified as severely
frail had higher odds of being readmitted to hospital within
90 d of discharge compared with those classified as not
frail (odds ratio 5.19, 95% CI 1.26–21.50).30 Our study
extends the results of this earlier work by showing that
frailty is a predictor of daily step count, UBDWT, and
1-min peak cadence in subjects hospitalized with CAP.
That is, frailty influences not only daily steps, but also the
way in which walking time is accumulated on the ward
and the intensity at which walking is undertaken. Given
that daily step count was a predictor of LOS, patients who
present with moderate to severe clinical frailty should be
targeted with a walking-based exercise program.

This study was also able to explore non-walking time
and the way in which it is accumulated, expressed as
UBDNWT, in adult subjects during a hospital admission. In
the general population, there are now robust data demon-
strating the deleterious health consequences associated with
sedentary time, especially sedentary time that is accumu-
lated in prolonged uninterrupted bouts,31 and increased
recognition that reducing sedentary time is a separate
lifestyle goal to increasing participation in physical
activity.32-35

Table 4. Negative Binomial Regression

Variable Direction of Relationship Based on IRR IRR (95% CI) P

Univariate analysis
Age Fewer steps in those with greater age 0.98 (0.97–1.00) � .001
Disease severity Fewer steps in those with more severe disease 0.65 (0.46–0.94) .02
Clinical frailty Fewer steps in those with frailty score � 4 0.56 (0.39–0.81) � .002
Oxygen Fewer steps in those who received oxygen 0.71 (0.49–1.04) .08
NIV Fewer steps in those who received NIV 0.84 (0.49–1.40) .52
Pleural effusion Fewer steps in those with a pleural effusion 0.80 (0.53–1.19) .29
ICC Fewer steps in those without an ICC 1.51 (0.70–3.24) .29
POS Fewer steps in those who received more POS 0.64 (0.44–0.92) .02

Multivariable analysis*
Disease severity Fewer steps in those with more severe disease 0.70 (0.49–1.00) .060
Clinical frailty Fewer steps in those with frailty score � 4 0.59 (0.41–0.85) � .003

*Final multivariable model using the variables that significantly influenced daily steps in the univariate model.
IRR � incident rate ratio
NIV � noninvasive ventilation
ICC � intercostal catheter
POS � physiotherapy occasions of service
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Our study indicates that, during hospitalization, adults
are inactive for almost all of their waking hours (total
non-walking time 673 (52) min, 93% (4%) of waking
hours) and accumulate this time in prolonged bouts
(UBDNWT 85 [73] min). Although there is a paucity of
data in other hospitalized populations, subjects in our study
were less active than previously described in adults with
stable COPD (total sedentary time 493 min [383 to 629]
minutes, 68% of waking hours).36 Of note, the UBDNWT in
our subjects was 3 times longer than that reported in office
workers (ie, usual bout duration 27 [19] min).37 Taken
together, both the large proportion of waking time spent in
non-walking time coupled with the fact that it is accumu-
lated in prolonged uninterrupted bouts makes this behavior
a potential target for in-patient rehabilitation.

Strengths and Limitations

Although this study has provided objective measure-
ments of walking and non-walking time in adult subjects
hospitalized with CAP, we could not specifically report on
sedentary time. This is because the StepWatch Activity
Monitor cannot separate standing, which is a light-inten-
sity physical activity, from sitting and lying down, which
are sedentary behaviors. Accelerometers combined with
inclinometers would provide greater clarity in separating
standing from sitting and laying down and allow data to be
extracted on sedentary time.38-40

Conclusions

This prospective, observational study is the first to de-
scribe walking-based activity in a large sample of adult
subjects hospitalized with CAP. Similar to other hospital-
ized populations, adults hospitalized with CAP do very
little walking, in very short bouts at low intensity. Just
over 90% of waking hours are spent in mostly uninter-
rupted non-walking time. During the period of hospital-
ization when a patient is acutely unwell, it can be chal-
lenging to implement an exercise training program.
Strategies to increase light-intensity physical activity and
interrupt sedentary time may be more feasible. This re-
quires further investigation.
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