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Abstract
Background Adults with venous leg ulcers (VLUs) are 

less likely to be physically active and show greater sleep 

disturbances than the general population. Limited evidence 

suggests these issues contribute to VLU healing delays.

Objectives The primary objective is to determine if physical 

activity (PA) and sleep levels are associated with VLU healing. 

The secondary objectives are to: 1) evaluate the feasibility 

and acceptability of a wrist-worn accelerometer device, 

wActiSleep-BT device wear (ActiGraph); 2) evaluate the utility 
of self-reported PA instruments to measure PA for people 
with VLU; and 3) determine whether PA and sleep levels are 
associated with i) delayed healing, ii) self-reported quality of 
life (QoL) and/or iii) self-reported VLU pain.

Design and method This prospective observational cohort 
pilot study aims to recruit 30 adults with VLUs from 
three hospital-based outpatient wound clinics in Melbourne, 
Australia. PA and sleep levels will be measured using the 
wActiSleep-BT device. VLU healing data will be collected 
from medical records. Patients’ self-reported outcomes will 
be collected using questionnaires.

Discussion Findings will provide insight into the relationship 
between PA and sleep with healing, QoL and pain, and 
determine the feasibility and acceptability of the wActiSleep-
BT device. Findings will also inform the potential utility of 
self-reported instruments in estimating PA level in people 
with VLUs.

Contribution of the paper statements
What is already known about the topic?

•	� VLUs are a common and costly problem.

•	 Adults with VLUs are more likely to be inactive.

•	� Sleep disturbances are more common in adults with 
VLUs than the general population.

•	� Increased PA may improve wound healing outcomes for 
adults with VLUs.

What this paper adds

•	� An objective evaluation of the level of PA and sleep by 
adults with VLUs.

•	� The relationship between PA, sleep, VLU healing, as well 
as QoL and pain.

•	� The validation of self-reported instruments for assessing 
PA level.
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•	� A feasibility assessment of the wActiSleep-BT device to 
examine levels of PA and sleep in adults with VLUs.

•	� An acceptability assessment of wearing the wActiSleep-
BT device by adults with VLUs.

Introduction
Background and rationale

Venous leg ulcers (VLUs) are a common and costly public 
health problem of global significance1,2. The cost of treating 
VLUs is estimated at greater than US$2.5 billion per year 
in the United States3,4 and up to £941 million in the United 
Kingdom5. In 2010 an estimated 400,000 Australians were 
treated for VLUs, which translated into costs of more than 
A$3 billion per year6–8. Known risk factors for delayed 
healing and recurrence of VLUs include chronic venous 
insufficiency (CVI), older age, female gender, diabetes and 
hypertension, previous VLU with larger ulcer size, and longer 
ulcer duration9,10. The natural history of VLUs is a cycle of 
healing and recurrence11 which has considerable impact on 
individuals’ health, quality of life (QoL) and socioeconomic 
costs12. With an ageing population and the growing epidemic 
of diabetes and obesity13,14, the burden of VLU is expected 
to rise; coupled with CVI, this burden will continue to reduce 
patient QoL and increase healthcare costs15. Therefore, it is 
critical to understand the factors that impede, or aid, VLU 
healing in order to combat this public health issue.

In addition to compression therapy, lack of physical 
activity (PA) and sedentary behaviour have been identified 
as possible factors that impact on VLU healing16. PA is 
defined by the World Health Organization as any bodily 
movement produced by skeletal muscles that requires 
energy expenditure, such as working, playing, carrying out 
household chores, travelling, and engaging in recreational 
pursuits, including exercise17. Exercise is a goal-directed, 
structured, repetitive form of PA, aiming to improve one or 
more components of physical fitness17. However, the focus 
of this proposed study is general PA. PA can be graded by 
intensity according to corresponding metabolic equivalent 
(MET) values and is classified as light, moderate, vigorous or 
very vigorous. It is recommended that Australian adults over 
the age of 65 participate in at least 30 minutes of moderate 
intensity PA on most, if not all, days of the week18. Distinct 
from PA, sedentary behaviour refers to time spent physically 
inactive whilst awake19. However, it is possible to be both 
sedentary (e.g., sitting for prolonged periods of time) and 
physically active (e.g., meeting recommended guidelines).

It has been suggested that lack of mobility may be 
associated with delayed healing time from VLUs20. Subjective 
and objective PA measures have been reported21,22. Self-
reported measures of sedentary time correlate poorly with 
objective measures, and over-estimation of self-reported 
PA is well recognised21. Accelerometry offers an objective 
measurement of PA and sedentary behaviour which may be 
useful in clinical research22.

Adults with VLU are more likely to be both sedentary and 
physically inactive than age-matched controls; these adults 
are also characterised by decreased general mobility with 
greater dependence on walking aids23–25. Several studies 
included in two systematic reviews16,26 have investigated 
the influence of PA on VLU healing27–34. These systematic 
reviews reported the effects of exercise on VLU wound 
characteristics such as time to heal, size, and pain, QoL, 
adverse events and economic outcomes16,26. In the Smith 
review16 of six studies, four studies reported a non-significant 
effect regarding the effect of exercise on wound healing, 
highlighting the importance of conducting future high quality 
prospective studies incorporating outcomes that capture the 
significance of the effect of PA and/or exercise for this patient 
group. The Jull review26, which included two more recent 
trials32,33, reports clinicians may consider recommending 
simple progressive resistance and aerobic activity to suitable 
patients with VLU until further research is produced.

Sleep is the natural, periodic and reversible state of rest for 
the mind and body wherein consciousness is completely or 
partially lost and there is decrease in bodily movement and 
responsiveness to external stimuli35. Cell division, protein 
synthesis and growth hormone release are increased during 
sleep36 and decreased sleep may impair wound healing37,38. 
In healthy volunteers, relatively modest sleep disruption of 
72 hours of sleep restriction with 2 hours of sleep per night 
in a laboratory setting was reported to delay wound healing, 
possibly due to impairment of the immune response39. 
Even mild sleep disruption is known to impair immunity by 
disrupting macrophage and lymphocyte production and 
activity38.

Sleep disturbances are more common in adults with VLU than 
the general population; for example, these disturbances have 
been reported by (217/247) 88% of patients in a longitudinal, 
observational study40. In addition to this evidence, over 
(237/763) 30% of patients with VLU in cross sectional 
data from a Swedish registry showed sleep disturbances41. 
Patients with VLU report poor sleep quality42 and disrupted 
sleep due to pain, which may further contribute to delayed 
VLU healing43. This was highlighted as a potential confounder 
in the Swedish registry study41, as it is unknown whether the 
sleep disturbances in VLU patients are the result of pain, or 
exist without pain. Therefore, questions remain regarding how 
pain and sleep disturbances affect VLU healing, independent 
of one another.

As discussed in previous systematic reviews16,26 and cohort 
research43, previous studies investigating the role of PA and 
sleep in VLU have been characterised by methodological 
design weaknesses, bias and performance issues16. There 
is therefore a need for high quality research to generate 
transparent evidence with minimal bias to inform treatment 
and prevention outlines.

This study aims to determine if PA and sleep are associated 
with VLU healing. We will examine the feasibility and 
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acceptability of wActiSleep-BT device wear, and examine: if 
PA and sleep levels impact on delayed healing after 12 weeks 
but up to 24 weeks; adherence to compression therapy; QoL; 
and VLU pain. This study seeks to address these gaps. We 
have used the TIDieR checklist to promote full and accurate 
description of intervention to facilitate replicability and 
implementation in future research in this area44. TIDieR-PHP 
is intended to complement and be used as an extension to 
the appropriate reporting guideline for the study design being 
used (such as CONSORT, SPIRIT, STROBE, or TREND).

Aims

The primary aim of this study is to determine whether PA and 
sleep levels are associated with improved ulcer healing (e.g., 
time to healing, proportion of ulcer healed, rates of changes 
in ulcer area) at 12 weeks from baseline assessment. 
The secondary aims are to: evaluate the feasibility and 
acceptability of a wrist-worn accelerometer device; evaluate 
the utility of self-reported instruments to measure PA for 
people with VLU; and determine whether PA and sleep levels 
are associated with delayed VLU healing after 12 weeks and 
up to 24 weeks, improved self-reported EQ-5D-5L QoL, and 
improved self-reported VLU pain.

Design and methods
Study design and setting

This prospective observational cohort study will comprise: 
the measurement of PA and sleep among adults with VLUs; 
and the collection of data on factors related to VLU healing. 
This proof of concept study will also test the use of the 
wActiSleep-BT device (ActiGraph, Pensacola, Florida) in 
the VLU population by assessing recruitment feasibility and 
participant device acceptability.

Research ethics approval

This protocol and informed consent have been approved by 
Alfred Hospital Health Human Research Ethics Committee 
(HREC/14/Alfred/2, Project 146/4). This study will be 
conducted in accordance with the Declaration of Helsinki 
1964 and the National Health and Medical Research Council 
National Statement on Ethical Conduct in Human Research.

Study setting and participants

Participants with VLUs will be invited from three Australian 
(Melbourne) public hospitals by a research nurse trained in 
wound care. Patients will be eligible if they have an active 
VLU/s, and are over 18 years of age. If the participant 
has more than one VLU, the largest VLU will be selected 
for measurement. There will be no exclusion criteria, and 
participants will not be compensated for participating in this 
research.

Informed consent

A research nurse will provide a verbal explanation of 
the research study, and provide patients with a written 
information and consent document (Supplementary Material/

Appendix). Written informed consent will be obtained 
from each patient prior to study commencement for the 
following items: medical record access; completion of a 
baseline questionnaire and a 12- and 24-week follow-up 
questionnaire; wear time of the wActiSleep-BT device; PA 
log; International Physical Activity Questionnaires (IPAQ) 
and Rapid Assessment of Physical Activity (RAPA); and 
wActiSleep-BT device patient acceptability.

Outcome assessment

The research nurse will collect baseline and follow-up 
assessments. Baseline data to be collected will include age, 
gender, smoking status, ethnicity, ankle mobility, target ulcer 
assessment including size (cm2) and duration (weeks), history 
of diabetes, employment status, medication use, body mass 
index (BMI), past medical and surgical history.

The primary outcome measure will be healing of the target 
ulcer (including time to healing, proportion of ulcers healed, 
and rates of changes in ulcer area) at 12 weeks post baseline 
assessment. Healing will be defined as 100% epithelialisation 
with no exudate or scab. Ulcer healing will be measured 
in days from date of recruitment. Date of healing will be 
documented in the patient’s medical history. Ulcer size will 
be documented at baseline, 12 weeks and 24 weeks, and 
healing date recorded in the data collection form.

Secondary outcomes will comprise:

•	 Feasibility and acceptability of patient device wear, 
measured by patient satisfaction, and measured at the 
end of the 1-week device wear period. Responses to 
ease of wear, device placement, comfort during sleep, 
and length of time worn45 will be documented on a 
five-point Likert scale ranging from ‘Strongly agree’ to 
‘Strongly disagree’.

•	 Delayed healing of target ulcer, defined as healing of the 
target ulcer after 12 weeks and up to 24 weeks, will be 
assessed at 12 and 24 weeks.

•	 Adherence to compression treatment, collected from 
both the patient’s medical history and via self-report. 
While compression treatment is part of routine clinical 
care, adherence is important to measure due to its 
potential confounding influence on the primary outcome of 
wound healing. Self-reported adherence to compression 
treatment will be assessed at baseline, 12 and 24 weeks 
and measured on a categorical scale of ‘wear everyday’, 
‘wear >3 days /week’, ‘wear <2 days per week’ ‘do not 
wear’. Compression non-adherence will be documented 
in the data collection form.

•	 Measurement of self-reported health-related QoL, 
assessed at baseline, 12 and 24 weeks via the EQ-5D-
5L. This instrument is a widely used generic preference-
based measure of health outcomes46 suitable for 
economic appraisal of mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression and self-rated 
health (it provides a basis for calculating preference-
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based health-related QoL) and calculating QALY and 
conducting cost-utility analysis. This instrument consists 
of a descriptive system together with a visual analogue 
0–100 scale (0 means the worst health imaginable and 
100 means the best health), with participants asked to 
rate five dimensions of health – mobility, self-care, usual 
activities, pain and anxiety/depression. Scores will be 
derived to indicate a status of ‘no problems’, ‘slight 
problems’, ‘moderate problems’, ‘severe problems’ 
or ‘extreme problems’. The EQ-5D-5L is valid and 
responsive in detecting change of VLU healing status in 
an Australian population47.

•	 Measurement of self-reported VLU pain, assessed at 
baseline, 12 and 24 weeks via a self-reported 11 point 
(0–10) numerical rating scale where scores of 0 represent 
‘no pain’ and 10 represents ‘maximum pain imaginable’.

•	 Measurement of self-reported PA, assessed at baseline 
12 and 24 weeks. Self-reported PA will be assessed 
using the RAPA, a nine-item questionnaire designed to 
assess current levels of PA. It is a valid measure of PA 
for use in clinical practice with older adults48. Patients will 
be asked to select one of seven statements to describe 
light, moderate or vigorous activity levels. Self-reported 
PA will also be assessed using the IPAQ. The IPAQ, 
administered at baseline, will be used to assess the types 
of intensity of PA and sitting time that people do as part 
of their daily lives which are considered to estimate total 
PA in MET-min/week and time spent sitting49. As there 
is no validated self-reported PA instrument specifically 
for people with VLU, we will use two approaches, the 
IPAQ and RAPA, to collect subjective PA measurements, 
thereby allowing for comparison of accuracy and 
consistency.

•	 Measurement of objectively quantified PA and sleep 
via wrist-worn tri-axial accelerometers (ActiGraph). 
ActiGraph has been reported to provide reliable, objective 
measurements across a range of clinical and research 
settings22,50 and the wrist position has been established 
as an accurate location for activity measurement and may 
be associated with improved wear-time compliance22,51,52.

Data collection procedure

The study timeline is outlined in Figure 1. The medical 
records for all patients will be accessed by a research nurse 
at baseline, 12 weeks and 24 weeks to collect ulcer healing 
and compression therapy adherence data. These data will 
be transcribed into a paper-based data collection form 
developed for this study. Ulcer healing will be recorded as 
documented in the patient’s medical history.

All patients will complete baseline, 12- and 24-week 
questionnaires about compression adherence, QoL, VLU 
pain and PA levels. Where available, information about 
adherence to compression treatment will be collected from 
both the patient’s medical history and via the self-report 
questionnaire.

Participants will be asked to wear the ActiGraph device for 
7 consecutive days and nights during the period between 
baseline and the week 12 visit (except for water-based 
activities). Participants will complete a daily log to record 
sleep and wake times and periods of device removal for 
longer than 15 minutes. Feasibility and acceptability of using 
the device data will be recorded.

Sample size

This proof of concept study does not require a sample size 
calculation53. We plan to recruit a convenience sample of 30 
adults with diagnosed VLUs.

Data management

Data collection will be carried out using paper-based data 
collection instruments (Supplementary Material/Appendix). 
Participants will complete questionnaires; and data collectors 
will access participant medical records to collect data. A 
unique study number will be allocated to each participant 
and data will be entered centrally into electronic forms 
created in Qualtrics (Qualtrics, Provo, UT). Data will be 
downloaded from Qualtrics into Excel and data hygiene 
will be performed using predetermined coding information 
outlined in the data dictionary.

Figure 1. Study timeline. Note DETERMINE: is a questionnaire that can be used to assess individual’s nutritional risks.

Qiu et al	 Physical activity, sleep and wound healing



Wound Practice and Research 102

PA and sleep data will be imported from wActiSleep-BT 
devices into ActiLifeTM software54 upon return of equipment 
after the 7-day monitoring period. Data will first be converted 
from raw form (units of gravity, collected at 30Hz) into 
60-second epochs to allow for efficient data analysis54. To 
be eligible for analysis, wear time will be validated using 
default Troiano (2007) algorithms, ensuring a minimum of 8 
hours wear data per day on at least 4 days. Non-wear times 
will be excluded from analysis. Energy expenditure will be 
calculated using the Freedson VM3 Combination (2011) 
algorithm and METs defined according to the Freedson Adult 
(1998) algorithm. To maximise data accuracy from wrist-
worn devices, an adapted set of PA cut-off thresholds will 
be created based on vector magnitude counts. This will be 
used as follows: sedentary behaviours 0–199; light activity 
200–2689; moderate activity 2690–6160; vigorous activity 
6161–9642; and very vigorous activity 9643 or greater.

Primary outcomes of interest from PA data include mean step 
count per day and minutes spent undertaking moderate-
vigorous PA. Sleep will be scored using participant log 
diaries to denote in-bed and out-bed times. Where diary 
data are missing, we will use the default adult sleep detection 
algorithm of Cole-Kripke55 to detect sleep, with manual 
checks for accuracy. Primary outcomes of interest for sleep 
will be total sleep time, number of awakenings and sleep 
efficiency (%), where >85% is considered normal.

Data collection forms will be stored securely in a locked room 
only accessible to the research team and databases will be 
secured with password protected access.

Statistical methods

Parametric and non-parametric tests will be used 
to characterise the study sample for key demographic 
characteristics. The relationship between both PA (e.g., mean 
daily step count, time spent in moderate-vigorous PA) and 
sleep (e.g., total sleep time, sleep efficiency) and outcomes of 
ulcer healing (e.g., time to healing, proportion of ulcer healed, 
change in ulcer area), pain scores and QoL will be explored 
using Pearson’s R correlation coefficient (parametric test) or 
Spearman correlation (non-parametric test).

The accuracy and consistency of two self-reported PA 
instruments will be examined by comparing responses 
between the IPAQ and RAPA. Data from each instrument 
will be categorised as ‘sedentary-light PA and ‘moderate-
vigorous PA, and the similarity of responses evaluated via a 
Chi-squared test.

The association between mean daily step counts and VLU 
healing will be examined via a combination of regression 
and survival analyses. Univariate linear regression will first 
be used to examine the strength of relationship between 
measures of PA (e.g., mean daily step counts, time spent 
physically active; exposure variable) and ulcer healing (e.g., 
change in wound size; dependent variable) in all participants, 
measured at 12 and 24 weeks. We will consider the coefficient 
of determination (R2) as the principal measure of interest and 
will interpret R2 values greater or equal to 0.5 as satisfactory 

explanatory power to predict ulcer healing. Survival analyses 
(Cox proportional hazards model) will also be conducted to 
evaluate the relationship between mean daily step count and 
time to wound healing. Similar exploratory analyses will be 
conducted using key sleep variables (e.g., total sleep time, 
sleep efficiency) as exposure variables. Adjusted multivariate 
models will be conducted to  evaluate the potential influence 
of age, gender, smoking status, diabetes history, BMI and 
compression treatment adherence on dependent variables. 
Statistical significance will be denoted by p<0.05 for all 
analyses.

Discussion
This protocol outlines the design of a prospective 
observational cohort study to investigate the association 
between PA and sleep with ulcer healing, QoL and VLU pain 
in adults diagnosed with VLUs. We anticipate the results 
of this study will inform the feasibility of recruitment and 
determine sample size for a future large-scale randomised 
controlled trial.
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