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Abstract
BACKGROUND
Studies on varicose veins have focused its effects on physical function; however, whether nonsurgical treatments alter muscle oxygenation or physical function remains unclear. Moreover, the differences in such functions between individuals with varicose veins and healthy individuals remain unclear.

AIM
To investigate changes in physical function and the quality of life (QOL) following nonsurgical treatment of patients with varicose veins and determine the changes in their muscle oxygenation during activity.

METHODS
We enrolled 37 participants (those with varicose veins, n = 17; healthy individuals, n = 20). We performed the following measurements pre- and post-nonsurgical treatment in the varicose vein patients and healthy individuals: calf muscle oxygenation during the two-minute step test, open eyes one-leg stance, 30 s sit-to-stand test, visual analog scale (VAS) for pain, Pittsburgh sleep quality index, physical activity assessment, and QOL assessment.

RESULTS
Varicose veins patients and healthy individuals differ in most variables (physical function, sleep quality, and QOL). Varicose veins patients showed significant differences between pre- and post-nonsurgical treatment— results in the 30 sit-to-stand test [14.41 (2.45) to 16.35 (4.11), P = 0.018), two-minute step test [162.29 (25.98) to 170.65 (23.80), P = 0.037], VAS for pain [5.35 (1.90) to 3.88 (1.73), P = 0.004], and QOL [39.34 (19.98) to 26.69 (17.02), P = 0.005]; however, no significant difference was observed for muscle oxygenation.

CONCLUSION
Nonsurgical treatment improved lower extremity function and QOL in varicose veins patients, bringing their condition close to that of healthy individuals. Future studies should include patients with severe varicose veins requiring surgery to confirm our findings.
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Core Tip: Nonsurgical treatment improved lower extremity function and quality of life in patients with varicose veins, bringing their condition close to that of healthy individuals. However, this study found no significant difference in muscle oxygenation. We posit that significant changes may be observed in more severely ill patients or long-term follow-up.

INTRODUCTION
Varicose veins are a prevalent vascular condition worldwide, with have a prevalence of 10% in the population; further, the prevalence ranges from 5%–15% in men and 2%–29% in women[1]. Varicose veins are veins that are tortuous and elongated, which are dilated to at least 3 mm in diameter and evaluated when patients are in a standing position[1]. Severe conditions such as deep vein thrombosis (DVT) and pulmonary embolism may arise if varicose veins are left untreated[2,3]. Patients with varicose veins can receive either conservative or surgical treatment options depending on their clinical condition and personal preferences[4-6].
Varicose is a chronic venous disease that mainly affects the lining of veins at the bottom of the calf muscles. It causes the accumulation of blood flow and swelling in the leg due to an increase in venous pressure. Weakened valves of the veins are also an important factor in the development of varicose disease. They may be characterized by a decrease in collagen and elasticity, resulting in skin pigmentation, texture, and diseases, among others, that negatively impact the quality of life (QOL)[7,8].
Moreover, there was a risk of reduced physical function due to disease progression in varicose vein[9]. Varicose veins can result in decreased physical function and lower QOL owing to impaired leg function, such as decreased lower extremity strength and limited mobility caused by feelings of leg heaviness or tightness from varicosities[10]. Further, impaired leg function can lead to varicose veins owing to reduced contraction of leg muscles that are crucial for venous return[11]. Studies have unveiled a complex interplay in this condition wherein reduced blood circulation and heightened pressure within varicose veins contribute to diminished oxygen content in the surrounding muscles. Techniques such as near-infrared spectroscopy (NIRS) can be used to investigate this phenomenon further[12].
Although varicose veins have been studied with a focus on physical function, whether nonsurgical treatments for varicose veins can alter muscle oxygenation or physical function remains unclear. Moreover, the difference in such functions between individuals with varicose veins and healthy individuals remains unclear. Thus, this study aimed to investigate changes in physical function and QOL and determine changes in muscle oxygenation during activity in patients with varicose veins following nonsurgical treatment. 

MATERIALS AND METHODS
Study design and participants
Between September 2022 and June 2023, participants were enrolled in this study as shown in Figure 1. Of the 40 participants in the Pusan National University Hospital, three were excluded for the following reasons: (1) Gait dysfunction (n = 2); and (2) decline evaluation (n = 1). Finally, 37 participants (17 patients with varicose veins and 20 healthy adults) were enrolled. Ultrasound was performed to measure leg veins. The treatment group was followed up after 4 wk of treatment initiation. This study was approved by the Research Ethics Committee of Pusan National University Hospital (2203-034-112). All participants were provided a detailed description of the experiment, and written informed consent was obtained before participation, in accordance with the ethical standards of the Declaration of Helsinki. All methods were performed in accordance with the approved study plan, as well as with relevant guidelines and regulations.

Varicose vein defined by duplex ultrasound
Based on the patient's medical history and clinical presentation, a duplex ultrasound assessment was performed on suspected outpatients with varicose veins. After positioning each leg on the stair and floor, an ultrasound was used to locate the target vein of each leg, and the assessment region was pressed to confirm reflux. Varicose vein was diagnosed in case of reflux > 1 s in the deep vein and > 0.5 s in the superficial vein. For analysis, only outpatients classified with C0 and C1 Lower limb lesions were included. Patients with C2 or higher lower limb lesions were excluded from analysis and underwent to surgical treatment. Additionally, patients with a history of deep vein thrombosis were also excluded.

Physical function and muscle oxygenation
Patients were instructed to stand barefoot, elevating one leg approximately 10 cm above the ground such that the raised foot was close to, but not in contact with, the supporting leg on the ground; they were asked to focus at a fixed point on the wall at eye level for the open eyes one-leg stance test, measured in seconds[13]. The participant was instructed to execute as many steps as possible (reaching the predetermined height) within the allotted 2 min. For the 30s Sit-to-Stand Test, participants were instructed to cross their arms over their chest and sit and stand 30 s as quickly as possible; the elapsed time was measured[14]. The objective of the 2-min step test was to establish the number of steps performed in situ in 2 min. Following the 'start' signal, the participant commenced marching in situ, raising their knees to the specified height, defined as the midpoint between the patella and the iliac crest[15]. The Moxy Monitor (Fortiori Design LLC) is a NIRS device that provides precise measurements useful for applications in sports. The device’s detectors are located at 12.5 and 25 mm from the emitter. Measured by muscle oxygen saturation (SmO2 and total hemoglobin (tHB)[16]. We applied NIRS to the soleus muscle during the bipedal 2-minute step test to determine muscle oxygenation during activity.

Questionnaire-based test
A pain score using a 10 cm visual analog scale (VAS) (0 is defined as no pain, and 10 is defined as the worst possible pain) was administered by the principal investigator or a trained nurse[17]. The Pittsburgh sleep quality index (PSQI) is a questionnaire used to assess global sleep quality. The score considers the following seven components: sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, medication use, and daytime dysfunction. These questions are rated on a 4-point Likert scale in terms of frequency or severity of the problem (e.g., 0 = not in the past month, 1 = less than once a week, 2 = once or twice a week, 3 = three or more times a week). The total of the individual scores gives a global PSQI score ranging from 0 to 21, with higher scores indicating poorer sleep quality[18]. Physical activity was assessed using the Korean version of the international physical activity questionnaire-short version (IPAQ-S)[19]. IPAQ-S questions physical activity time and sedentary time. The structured items in the IPAQ-S provide separate scores on sedentary, walking, moderate-intensity, and vigorous-intensity activity, and we used the item for moderate to vigorous physical activity. QOL was assessed using the chronic venous insufficiency questionnaire 2 (CIVIQ2)[20], which has a total of 24 items in 5 domains: discomfort, pain, physical, psychological, and social. Response to each question was rated on a scale of 1–5 (0 is defined as a minimal negative effect on daily activities or well-being, and 5 is defined as the represented maximal negative effect). Duration of edema was rated on a scale of 1–3. The combined scores of the five dimensions were used to calculate the total score, with higher scores indicating poorer QOL.

Statistical analysis
Statistical analysis was performed using the SPSS program for Windows (version 25, SPSS Inc., Chicago, IL, United States). The characteristics of the study population are presented as mean ± SD for continuous variables and as frequencies and proportions for categorical variables. The chi-square test was used for hypothesis testing. Pearson's correlation coefficient was used to evaluate the degree of correlation between the two variables. Student’s t-test of variance was performed to compare measures and sarcopenia differences among the varicose vein patients and healthy individuals. A paired t-test was used to compare pre- and post-nonsurgical treatment differences for the treatment of varicose veins. P values < 0.05 were considered significant.

RESULTS
Table 1 shows the comparison of healthy individuals and varicose veins patients. The mean (SD) age of the healthy individuals and varicose veins patients was 52.60 (6.50) years and 60.06 (10.69) years, respectively (P = 1.000), with 70.0% and 70.6% (P = 0.074) of participants, respectively, were female. The mean physical function for the open eyes one-leg stance (left and right), FTTS test, and 2-min step test were 90.43 (34.61) s, 34.92 (28.48) s, 101.39 (29.30) s, 39.26 (28.57) s, 20.70 (5.42) count, 14.41 (2.45) count, 186.50 (19.09) count, and 162.29 (25.98) count, respectively (P values: < 0.001, < 0.001, 0.005 and 0.017 respectively). Questionnaire variables for VAS, PSQI, QOL were 1.00 (1.05) point, 5.35 (1.90) point, 4.10 (2.18) point, 9.35 (3.43) point, and 8.63 (8.55) point 39.34 (1.98) point, respectively (P values: < 0.001, all variables). For other variables, no significant differences were observed between healthy individuals and patients with varicose veins.
The comparison of pre- and post-nonsurgical treatment in patients with varicose veins is shown in Table 2 and Figure 2. The results were significantly different between pre- and post-nonsurgical treatment in the FTTS test [14.41 (2.45) to 16.35 (4.11), P = 0.018], 2-minute step test [162.29 (25.98) to 170.65 [(23.80), P = 0.037], VAS [5.35 (1.90) to 3.88 (1.73), P = 0.004), and QOL [39.34 (19.98) to 26.69 (17.02), P = 0.005]. No significant differences were observed between the pre- and post-nonsurgical treatment test results for other variables.

DISCUSSION
We found a difference in physical function and muscle oxygenation between healthy individuals and those with varicose veins. In addition, individuals who received nonsurgical treatment showed improved physical function and QOL; however, there was no significant difference in muscle oxygen saturation. Therefore, nonsurgical treatment of varicose veins has the advantage of reducing limitations and improving daily activities.
Varicose vein patients showed a lower open eyes on-leg stance, FTTS test, and 2-minute step test results, indicating lower physical function and physical activity (Table 1). Deterioration of lower limb function in varicose veins is attributed to several factors, including venous valve dysfunction and venous insufficiency, resulting from weakened or damaged valves, disrupted efficient blood flow, causing blood to pool in the veins[21]. This leads to swelling, discomfort, and impaired mobility[22]. Increased pressure within the affected veins contributes to their enlargement and adversely affects surrounding tissues, further interfering with normal function[23]. Inflammation in varicose veins exacerbates tissue damage and reduces muscle function in the lower limbs[24]. In particular, lifestyle factors such as prolonged standing or sitting, lower physical activity, and higher sedentary time can worsen symptoms and impair lower limb function[11]. 
PSQI scores were also high in patients with varicose veins, suggesting that the pain index was high, indicating that sleep quality was impaired by pain (Table 1). Previous studies suggest that poor sleep quality may be a problem in individuals with leg pain associated with varicose veins[25]. Leg pain can reduce sleep quality and further disrupt sleep, creating a recurring pattern of pain and sleep disturbances[26]. As a result, the QOL deteriorates. 
Further, besides leg pain (vas), the 30s Sit-to-Stand Test, two-minute step, and QOL were improved by nonsurgical treatment (Table 2 and Figure 1). It has been confirmed that nonsurgical treatment of varicose veins without exercise or other interventions improves physical function and quality of life in middle-aged adults but not young adults. However, whether decreased physical activity or varicose veins occurs first remains unknown[27]. Increased physical activity, reduced pain, and improved physical function after nonsurgical treatment of varicose veins may be important outcomes when selecting a treatment method. It is necessary to further enhance the recovery of physical function with appropriate exercise after treatment.
Our study had some limitations. First, the sample size was small and limited to patients undergoing nonsurgical treatment. Follow-up studies should be conducted with large sample sizes and comparisons including surgical treatment. Second, this study found no significant difference in muscle oxygenation (Table 2), whereas previous studies have shown changes in muscle oxygen saturation in patients with varicose veins using NIRS[12]. This might have been caused by the short follow-up period (4 wk); significant changes may be observed in more severely ill patients. Besides, since the functions of the venous and lymphatic systems are closely related, many vascular disorders may not be attributed solely to either the venous system or lymphatic ducts[28,29]. Therefore, future studies need to compare the functional differences observed in patients with the involvement of both the venous and lymphatic systems.

CONCLUSION
In conclusion, nonsurgical treatment improved lower extremity function and QOL in patients with varicose veins, bringing their condition close to that of healthy individuals. Future studies should include a large number of patients with varicose veins requiring surgery to confirm the conclusions of this study.

ARTICLE HIGHLIGHTS
Research background
Varicose vein has a negative impact on both quality of life (QOL) and physical function, resulting in reduced lower extremity strength and mobility. Impaired circulation leads to reduced muscle oxygenation, which contributes to these effects. However, it is unclear how nonsurgical treatments affect muscle oxygenation and physical function.

Research motivation
Few studies have looked at changes in physical function, quality of life and muscle oxygenation following non-surgical management of varicose vein disease.

Research objectives
Assess the effect of non-surgical treatment on the physical function and quality of life of patients with varicose veins. Additionally, evaluate alterations in muscle oxygenation during activity.

Research methods
A total of 37 participants were enrolled in the study, including 17 with varicose veins and 20 healthy adults. Physical function, QOL, and muscle oxygenation were assessed before and after treatment initiation in the varicose vein group (Healthy adult group only pre-measured).

Research results
Physical function, pain index, and quality of life improved in patients with varicose veins before and after non-surgical treatment. However, no significant change in muscle oxygenation was observed.

Research conclusions
Non-surgical treatments can return patients with varicose veins to a level of function and quality of life comparable to healthy adults.

Research perspectives
Future studies should observe changes in physical function and muscle oxygen saturation in patients with varicose veins requiring surgery to extend the conclusions of this study.
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Figure Legends
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Figure 1 Flow diagram of study enrollment.
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Figure 2 Difference between pre- and post-nonsurgical treatment by dot and line diagram. A: 30s-cahir standing test; B: Two-minute step test; C: Quality of life; D: Visual analogue scale. dot, personal value; line, change before and after the nonsurgical treatment; pre, before the nonsurgical treatment; post, after the nonsurgical treatment.

Table 1 Comparison between healthy individuals and patients with varicose veins
	Variables
	Healthy people (n = 20)
	Varicose vein (n = 17)
	P value

	Female (%)
	14 (70.0)
	12 (70.6)
	1.000

	Age (yr)
	57.60 ± 6.50
	60.06 ± 10.69
	0.396

	Open eyes one leg stance, left (s)
	90.43 ± 34.61
	34.92 ± 28.48
	< 0.001

	Open eyes one leg stance, right (s)
	101.39 ± 29.30
	39.26 ± 28.57
	< 0.001

	30 s-cahir standing test (count)
	20.70 ± 5.42
	14.41 ± 2.45
	0.005

	Two-minute step test (count)
	186.50 ± 19.09
	162.29 ± 25.98
	0.017

	Visual analogue scale (point)
	1.00 ± 1.05
	5.35 ± 1.90
	< 0.001

	PSQI (point)
	4.10 ± 2.18
	9.35 ± 3.43
	< 0.001

	MVPA (point)
	219.00 ± 214.50
	113.24 ± 170.03
	0.169

	Quality of life (point)
	8.63 ± 8.55
	39.34 ± 19.98
	< 0.001

	SmO2, left
	30.80 ± 15.54
	23.88 ± 8.20
	0.140

	tHb, left
	14.07 ± 5.99
	12.70 ± 0.97
	0.492

	SmO2, right
	25.08 ± 13.47
	26.06 ± 6.68
	0.833

	tHb, right
	12.23 ± 0.29
	12.42 ± 0.46
	0.270


Values are means ± SD; P value less than 0.05. PSQI: Pittsburgh sleep quality index; MVPA: Moderate to vigorous physical activity. 



Table 2 Comparison between pre- and post-nonsurgical treatment test results in patients with varicose veins
	Variables
	Pre
	Post
	P value

	Open eyes one leg stance, left (s)
	34.92 ± 28.48
	45.46 ± 39.57
	0.066

	Open eyes one leg stance, right (s)
	39.26 ± 28.57
	42.72 ± 35.79
	0.476

	30s-cahir standing time (count)
	14.41 ± 2.45
	16.35 ± 4.11
	0.018

	Two-minute step test (count)
	162.29 ± 25.98
	170.65 ± 23.80
	0.037

	Visual analogue scale (point)
	5.35 ± 1.90
	3.88 ± 1.73
	0.004

	PSQI (point)
	9.35 ± 3.43
	8.35 ± 3.57
	0.176

	MVPA (min)
	113.24 ± 170.03
	182.94 ± 320.64
	0.411

	Quality of life (point)
	39.34 ± 19.98
	26.69 ± 17.02
	0.005

	SmO2, left
	23.88 ± 8.20
	26.44 ± 8.52
	0.154

	tHb, left
	12.70 ± 0.97
	12.52 ± 0.41
	0.410

	SmO2, right
	26.06 ± 6.68
	25.88 ± 7.62
	0.914

	tHb, right
	12.42 ± 0.46
	12.36 ± 0.33
	0.407


Values are means ± SD; P value less than 0.05. PSQI: Pittsburgh sleep quality index; MVPA: Moderate to vigorous physical activity.
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