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Aim: To explore the relationship between physical activity levels and wound healing and recurrence in people with venous leg ulcers.

Methods: Questionnaires and medical records were used to collect data, with responses used to group participants into different physical activity groups. The differences in healing and recurrence outcomes of ulcers among different physical activity groups were compared using Chi-square, Kaplan Meier survival analysis, Cox proportional hazards regression analysis, and Kruskal-Wallis test. To measure the strength of the association between physical activity levels and patient outcomes, Spearman’s Rho tests were used. We used descriptive analysis to examine how physical activity levels change over 24 weeks.

Results: Participants were classified into four distinct groups based on physical activity levels reported at baseline and week 12. The survival analysis showed higher physical activity level was associated with a shorter time to healing (log-rank test = 14.78, df = 3; p = 0.002). The persistently moderate-to-vigorous group had a 7.3-fold increased likelihood of healing compared to the persistently sedentary group. High levels of physical activity were also associated with a better quality of life score at baseline ([image: image] = 0.41, p < 0.000), week 12 ([image: image] = 0.36, p < 0.001), and week 24 ([image: image] = 0.49, p < 0.000). Most participants (48.5%) reported low levels of physical activity, which remained low for the entire study period.

Conclusion: An increased level of physical activity was linked to a shorter healing time and enhanced quality of life. Low levels of physical activity appeared common among people with venous leg ulcers.
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1 Background

Venous leg ulcer (VLU) is one of the most prevalent chronic ulcers in the lower extremity, and it remains a major challenge in clinical practice (1). Venous ulceration can impact individuals’ quality of life (QoL) due to pain, limited mobility, wound discharge, and offensive odor (2, 3). Compression therapy, such as bandages and hosiery, has been proven to be the best practice for managing people with VLUs as it promotes venous blood return and reduces pressure build-up in the lower limb (4, 5). There is, however, considerable variation in healing times when treating people with compression therapy (6). Even with compression therapy, recurrence rates of ulcers are common, with over half of patients experiencing recurrences within a year after healing (7). This variance in healing time and the high recurrence rate once healed mean that we need to identify adjuvant therapies that may impact healing and recurrence (8).

Physical activity (PA) may be an effective adjunct treatment to compression to improve ulcer healing and recurrence (9). A recent scoping review has found that multicomponent exercises targeting the lower extremity as an adjunct for compression therapy may improve calf muscle pump function, thereby enhancing circulation in the lower extremities and ultimately improving ulcer healing and preventing recurrence (10). There are also multiple barriers to PA and exercising in people with VLUs, including pain, psychological distress, and a lack of clear exercise instructions (11). Nevertheless, questions remain regarding the nature of PA in people with VLUs and how it may change over time. Evidence on how and whether these differences in PA levels affect healing and recurrence is still lacking.

To address the above evidence gap, a study involving repeated measurements on venous ulcer healing status and PA levels over several time points could help inform future work in this area. This study aims to explore the effect of different PA levels healing on healing and recurrence in people with VLUs. The following number of questions were explored in the study:

1. Is there any difference in the healing (e.g., proportion of target ulcers healed, time to healing, and changes in the size of target ulcers) and recurrence outcomes of target ulcers between people with different PA levels?

2. What are the associations between PA level, pain level, and QoL among people with different PA levels?

3. Is there a change in PA level during venous ulceration?



2 Methods


2.1 Study design

This is a secondary analysis of data from a prospective observational multicenter cohort study. The observational multicenter cohort study was related to the ASPirin in Venous Leg Ulcer (ASPiVLU) randomized control trial that examined the effect of aspirin as an adjunct treatment to compression on venous ulcer healing within 12 weeks period (12). The ASPiVLU observational cohort study data was collected from five outpatient chronic wound clinics in Queensland, New South Wales, Victoria, and Tasmania between 2017–2018. Ethics approval was granted by the Human Ethics Committees of Alfred Health and Monash University.



2.2 Participants

This study included people who (1) were aged 18 and over; (2) have experienced at least one active VLU for at least 6 weeks or had a prior history of venous ulceration. This study excluded people who (1) were unable to understand English; (2) were unable to provide consent. A total of 210 participants were included in this cohort study.



2.3 Data sources

Self-reported questionnaires were used to collect data from participants. Questionnaires were distributed to study participants for completion in person during the baseline visit. Subsequent questionnaires were sent by mail to study participants at 12 and 24 weeks following the initial screening visit. Questionnaires collected information on the healing and recurrence status of their target VLUs, pain scores, QoL ratings, and PA levels. Medical records were accessed at baseline to collect demographic information (e.g., age, gender, and medical history), and at week 24 to extract routine care information and verify the status of participant-reported VLU healing and/or recurrence (as reported via direct clinician observation) during the study period. The cohort data did not include the details of the standard treatment, and no data was collected on the type of compression and VLU dressings.



2.4 Measures


2.4.1 PA levels among people with VLUs

The Rapid Assessment of PA instrument was used to assess the level of PA (13). The Rapid Assessment of PA instrument was created with the purpose of evaluating the routine PA engagement of the elderly, encompassing aspects such as its type, quantity, and intensity (13). Participants were asked to choose one out of the seven statements indicating ‘sedentary’, ‘light PA level’, or ‘moderate-to-vigorous PA level [MVPA]’ at baseline, week 12, and week 24 (13).



2.4.2 Proportion of target ulcer healed

The target ulcer healing rate was measured at baseline, week 12, and week 24. Closed-ended question (yes or no) was asked on the questionnaire to determine the healing status of participants’ target ulcers. The term ‘healing’ refers to epithelization without scabs (14). The healing status of VLU was determined by qualified wound care specialists at regular clinic visits.



2.4.3 Time to healing of target ulcer

Time to healing of participants’ target ulcers was measured at week 12 and week 24. The time to healing of each participant was calculated by the date his/her target ulcer healed minus the date of his/her target ulcer was diagnosed.



2.4.4 Changes in target ulcer size

Changes in target ulcer size were measured at baseline, week 12, and week 24. This information allowed for the determination of ulcer area reduction in participants who did not heal completely. Participants were asked if their target ulcers had ‘decreased’, ‘increased’, or ‘same size’ at each time point. Medical records were also used to obtain the accurate size of target ulcers at week 24.



2.4.5 Recurrence of target ulcer

The recurrence of the target ulcer was measured at weeks 12 and 24 in participants whose ulcers had healed. Recurrence was defined as a new VLU occurring on the same leg that was affected previously (15). Participants were asked in the questionnaires if they had ulcer recurrence at each time point by responding ‘yes’ or ‘no’. As study eligibility criteria allowed for the inclusion of people with both active and prior ulcers at the time of recruitment, ulcer recurrence definition pertained to the event of a new ulcer being detected. For participants recruited with active ulcers, this indicates ulcer healing and subsequent recurrence during the study period, while for those recruited in a healed status, this indicates the onset of a new ulcer.



2.4.6 Health-related quality of life

Health-related QoL was measured at baseline, week 12, and week 24 by using EQ-5D-5L, a generic tool for measuring QoL that has been shown to be valid and reliable for measuring QoL scores in people with VLUs (16, 17). EQ-5D-5L assesses patients’ QoL from five aspects, including mobility, self-care, usual activities, pain/discomfort, and anxiety/depression (18). Each aspect has five levels (no problems, slight problems, moderate problems, severe problems and extreme problems), and participants were asked to indicate their health status at each aspect by selecting the most appropriate level (18).

For this study, utility score derived from the raw scores using the United Kingdom value set and scoring algorithm, since Australian value set and scoring algorithms was not available (19).



2.4.7 Wound pain score

Pain level was measured at baseline, week 12 and week 24. Participants were asked to rate their pain on a numerical rating scale of 0–10, with 0 indicating this was the least painful, and 10 indicating the worst pain.




2.5 Data analysis

Changes in self-reported PA levels throughout the 24 weeks study period were defined according to Rapid Assessment of PA responses (grouped into three logical groups - ‘sedentary’, ‘light PA’, ‘MVPA’) and represented visually via Sankey diagram for those who had complete data available across all three study time points (baseline, week 12, week 24). All other analyses relating to the impact of PA on study outcomes involved re-grouping individuals according to their status over the first 12 weeks of the study. This process to derive four key PA groups is summarized in Figure 1.

[image: Figure 1]

FIGURE 1
 Overview of how each PA is classified. MVPA, moderate-to-vigorous physical activity; PA, physical activity.


Descriptive analyses were undertaken to characterize the study sample for key demographic characteristics by different PA groups. Chi-squared test was performed to determine the differences of the following categorical variable among four PA level groups at both week 12 and week 24: the proportion of target ulcer healed/not healed, changes in target ulcer size, and target ulcer recurrences. Kaplan Meier survival analysis, and cox regression proportional hazards model were performed to determine whether there was a difference in time to healing between different PA groups within the 24 weeks study period. The Kruskal-Wallis test was used to compare the changes in target ulcer size among PA level groups. The Spearman’s Rho test was used to measure the strength of association between PA levels and the following variables: quality of life, and pain score. We used Stata version 16 (16.1, StataCorp LLC, College Station, TX) for all analyses with statistical significance set at p < 0.05.




3 Results


3.1 Characteristics of participants

A total of 210 people with VLUs were recruited. Among these participants, 104 (49.5%) people completed self-reported questionnaires, reported their PA levels, and returned the questionnaires at baseline, week 12, and week 24. The average age of all participants was 74 (SD 11) years old, with an average target ulcer duration of 5 months [interquartile range (IQR:3–14) (Table 1)]. There was equal representation between male (52.9%) and female (47.1%) participants in this cohort. The most common comorbidities among these participants were cardiovascular diseases (57.7%) and hypertension (67.3%). Over 80% of participants reported that they were not working. The majority of participants stated that they experience minor (29.1%) to moderate (25.5%) mobility issues. In comparison with participants in the other three groups, participants in the persistently MVPA group had higher mean QoL scores [EQ-5D-5L utility score: 0.8 (IQR:0.7–0.8); EQ-VAS score 80 (IQR:60–90) versus EQ-5D-5L utility score ‘persistently sedentary’:0.4 (IQR:0.1–0.6); ‘light mover’: 0.6 (IQR:0.5–0.8); ‘fairly active’:0.7 (IQR:0.7–0.8); EQ-VAS score ‘persistently sedentary’:52.5 (IQR:35–65); ‘light mover’:70 (IQR:50–85); ‘fairly active’:72.5 (IQR:67.5–85)]. Similarly, participants in the persistently MVPA group had fewer VLUs in their lifetime than the others.



TABLE 1 Summary of socio-demographic and health-related characteristics by levels of physical activity.
[image: Table1]



3.2 Changes in PA level

At baseline, 24.7% of people reported being sedentary, 48.5% reported being lightly active, and 26.8% reported being moderate to vigorously active (Appendix Figure A1). Approximately one-fourth of the study participants reported being sedentary throughout the entire study period. There was a noticeable rise in people self-reporting moderate PA after week 12 (22.7% week 12, 29.9% week 24) (Appendix Figure A1).



3.3 Healing status of target ulcers

Over half of the participants in the persistently MVPA group reported ulcers healed by the end of week 12 (Table 2). At week 24, the difference in the proportion of participants who had their target ulcers healed became more apparent. Specifically, 69.2% of participants in the persistently MVPA group had their target ulcers healed, compared to 25.0% of participants in the persistently sedentary group, 38.1% of participants in the light mover group, and 62.5% of participants in the fairly active group (Table 2). The Kaplan–Meier curve indicated that participants who have higher PA levels healed faster than the participants have low PA levels (log-rank test = 14.78, df = 3; p = 0.002) (Figure 2), with differentiation between groups apparent after approximately 53 days (Figure 2). By the end of week 24 (168 days), approximately 18.2% of participants in the persistently MVPA group had active ulcers, while over 75% of participants in the persistently sedentary group had active ulcers. The Cox regression model revealed that participants in the persistently MVPA group, fairly active group, and light mover group had a 7.3, 4.8, and 2.2-fold increased likelihood of healing, respectively, compared to the persistently sedentary group (Table 3), however, findings were not statistically significant for the light mover group.



TABLE 2 Healing status of target venous ulcer among four PA groups.
[image: Table2]
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FIGURE 2
 Kaplan-Meier analysis of the time to healing among four PA groups; p = 0.002 between-groups. MVPA, moderate-to-vigorous physical activity; For an explanation of each group categorization, please refer to the definition of each PA group provided in Figure 1.




TABLE 3 Relationship between different PA levels and healing status of target venous leg ulcers.
[image: Table3]



3.4 Recurrence of target ulcer

Twenty-four participants experienced at least one ulcer recurrence during the study period. Compared to the other physical activity groups, the persistently MVPA group had the lowest recurrence rate at week 12, with only 7.6% of participants experiencing ulcer recurrence. By week 24, the recurrence rate in the persistently MVPA group had decreased to 0%. The 0% recurrence rate observed in the persistently MVPA group indicated that study participants in this group who experienced recurring ulcers at week 12 had achieved healing by week 24. There were no statistically significant differences between the groups (Table 4).



TABLE 4 Recurrence rate of target venous ulcer among four PA groups.
[image: Table4]



3.5 Pain score

PA levels demonstrated a weak negative correlation with pain scores at baseline [[image: image] (Spearman’s rho) = −0.13, N = 151, p = 0.10] and a weak positive correlation at week 12 ([image: image] = 0.10, N = 80, p = 0.36) and week 24 ([image: image] = −0.09, N = 60, p = 0.50) (Appendix B). A similar pattern was also seen in the association between changes in PA levels and changes in pain score from baseline to week 12, and from week 12 to week 24.



3.6 Quality of life

There was a strong, positive association between PA levels and QoL score at baseline ([image: image] = 0.41, N = 146, p < 0.000), week 12 ([image: image] = 0.36, N = 108, p < 0.001), and week 24 ([image: image] = 0.49, N = 118, p < 0.000) (Appendix C). No association was found between changes in PA levels and changes in QoL score at any of the the time points in this study (Appendix C).




4 Discussion

This study is the first to examine the impact of different levels of PA on the healing and recurrence outcomes of VLUs. Results suggest increased levels of PA may have positive effects on both the time to healing and the proportion of people who heal, and that healing is likely influenced by not only the amount of PA but also the intensity at which it is accrued. These findings add to a growing body of indirect evidence and provide important insights to guide future studies seeking to develop effective PA interventions to improve clinical practice.

It is interesting to speculate the possible mechanism to explain the observed benefits that PA levels had on wound healing in the present study. Previous research found that PA can improve the healing outcomes of VLUs because it stimulates calf muscle pump function. The efficiency of calf muscle pump function was closely related to the healing outcomes of VLUs (20). It is plausible that people with higher PA levels in the present study may have had better calf muscle pump function than those with low PA levels however this was not directly measured. Furthermore, our study did not fully explore the interaction between PA/exercise characteristics (i.e., intensity, duration, dosage) and ulcer healing. A number of questions remain unanswered, such as what the minimum volume/ intensity/duration of PA/exercise is needed to derive optimal benefits on wound healing. Future clinical trials in this field will be essential to offer more thorough and detailed information.

Our data suggested higher levels of PA were positively correlated with better QoL. This is consistent with prior research examining factors that influence PA levels in people with VLUs, where a strong positive correlation between PA levels and overall QoL in this patient population was also identified (10, 21). Similarly, past clinical trials found that participants who undertook an exercise intervention had higher QoL scores than those who received standard compression treatment (22, 23). Our study design was not appropriate to confirm cause and effect, however, it is interesting to speculate the extent to which higher PA levels may have contributed to better quality of life scores. People with VLUs commonly experience pain, emotional distress, and negative perceptions of themselves, all of which can negatively affect their quality of life (24, 25). If PA can be shown to alter one’s perception of distress or oneself, it could prove a novel approach to improving this outcome that is of high importance to patients and healthcare providers alike.

Self-reported PA levels of many participants in the present study were concerningly low and stagnant throughout the follow-up period (Appendix Figure A1), with most study participants failing to meet recommended World Health Organization (WHO) PA targets (26). This finding is comparable with the other studies assessing PA levels among people with VLUs (20). Past research also highlighted the importance of enhancing mobility and found that reduced mobility can lead to a decrease in CMPF levels, potentially resulting in venous outflow issues and microcirculation dysfunction in the lower extremities, ultimately leading to VLU formation (27). Key barriers affecting PA participation in this patient group include conflicting/unclear advice from clinicians, discomfort related to the ulcer site, and a fear of falling (11, 28). Given the multifaceted challenges faced by people with VLUs that hinder their PA engagement, a recent study has explored strategies to improve their mobility (29). The research suggested that establishing realistic goals tailored to the challenges encountered by VLU patients and offering flexible exercise programs could enhance people with VLUs participating in PA (29).



5 Limitations

There are some limitations in the present study. Firstly, due to the nature of the cohort study, this study cannot prove a causal relationship between PA levels and ulcer healing. Study findings, however, point to a future direction for further research. Secondly, in this study, the time to healing outcomes were measured at certain fixed time points, not daily monitoring. Thirdly, self-reported questionnaires were used to obtain participants’ PA levels, so there could be a response bias in their responses, as most people generally overestimate how active they really are. This study had a small number of participants, consequently affecting the statistical power, and its ability to draw strong conclusions. This study, however, represents an important first step as an exploratory study, demonstrating the association between the level of PA and VLU healing. Findings of this study hold significant value for future research and clinical practice, particularly when designing exercise programs for VLU patients. Lastly, as this was an observational study involving routine care, it was not possible to control for the potentially confounding influence of various therapeutics (e.g., aspirin, compression therapies, and various wound dressings) that were administered taking into account the participants’ individual needs.



6 Conclusion

This is the first cohort study to examine the role of PA levels in VLU healing and recurrence outcomes, as well as changes in PA levels during venous ulceration in this patient group. The results of this study indicated that a higher level of PA would greatly improve the healing rate of venous ulcers and shorten their healing period. The effect of different PA levels on ulcer recurrence remained unclear. Our study found that participants with a high level of PA reported better overall QoL scores than those with a low level of PA. Most study participants reported light PA levels, and that level remained stable during the ulceration period. Findings of this study suggest there is a need to promote PA in this population. Further research is recommended to explore clinicians’ perspectives on how and what strategies can be used to support this cohort to engage in PA. Our study findings will be useful in designing a feasible PA intervention for this patient population.
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