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Purpose: The study aimed to evaluate the influence of a self-administered cooling interven-

tion on quality of life (QOL) associated with chronic venous disease (CVD), stages clinical, 

etiological, anatomical, pathophysiological (CEAP) C4 (skin damage) and C5 (healed ulcer).

Study design and subjects: A sample of 276 individuals was randomized to receive a cooling 

(n=138) or placebo control cuff (n=138) applied to the leg skin affected by CVD. Both groups also 

received standard of care that included compression, leg elevation, and physical activity. QOL 

was measured with the venous insufficiency epidemiological and economic study (VEINES)-

QOL and symptom (Sym) subscale Questionnaire at 5 time points during the 9-month study. 

Relationships between treatment outcomes and demographics were analyzed.

Results: Cooling and control groups had significant increases from baseline in mean change 

VEINES-QOL scores (13.5 vs 12.8, p<0.0001) and Sym scores (10.4 vs 6.7, p<0.0001). No 

significant difference was observed for VEINES-QOL between the groups (Δ =0.67, p=0.58); 

however, the difference was significant for Sym for cooling (Δ =3.7, p=0.015). Overall QOL 

improvements were significant for females compared to males (p<0.001), not employed full-

time (p<0.001), living in rural areas (p<0.002), and less effective for larger calf circumference 

(p=0.042). For age groups ≥65 years, cooling produced significant improvements in QOL (10.8 vs 

4.5, p<0.0004); the control group symptoms worsened during the study (–1.0 vs 8.1, p<0.0001).

Conclusion: This cooling intervention improved QOL. The greatest improvements were observed in 

older individuals, females, those who were married, not working full time, and living in rural areas. 

CVD remains a poorly controlled chronic condition and has a major negative influence on QOL.

Keywords: chronic venous disease, quality of life, cooling therapy, negative symptoms, 

cryotherapy, venous disorders

Plain language summary
�The purpose of this study was to determine whether quality of life (QOL) was affected by the 

use of a cooling cuff to reduce negative symptoms of chronic venous disease (CVD) of the lower 

legs where the skin was previously ulcerated and/or damaged. Individuals participating in the 

study received one of two treatments: a cooling cuff made of gel or a “placebo” cuff filled with 

cotton. The cuffs were kept in the freezer until they were ready to be applied to the affected 

skin, starting daily for 30 minutes for 30 days, then twice-weekly for 3 months and then weekly 

for 3 months. Participants also wore compression hosiery during the day and elevated their legs 

each evening during the treatment. The VEINES Sym/QOL Questionnaire was used to measure 

QOL. We found that QOL improved in individuals using the cooling cuff compared to those 

using the cotton cuff; symptoms become worse in the latter group. Greater improvements were 

reported by females and those 65 years of age and older. Females and those older in age may 

be more positively susceptible to the effects of cooling to reduce negative symptoms of disease.
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Introduction
It is well established that chronic illness negatively affects 

quality of life (QOL); thus, it is not surprising that indi-

viduals with chronic venous disease (CVD) experience 

such negative consequences.1–3 CVD is caused by venous 

hypertension that develops from perforator vessel and 

valvular incompetence, which lead to other anomalies of 

the venous vasculature, including varicosities, swelling, 

skin damage, and leg ulcers.4 Individuals with CVD report 

a myriad of symptoms such as pain, throbbing, itchiness, 

achiness, and heaviness.5,6 As the disease progresses, there 

are negative QOL effects on daily living, physical func-

tioning and mobility, and psychological and social well-

being reflected as depression, feelings of worthlessness, 

low mood, and social isolation.7–11 However, interventions 

designed specifically to improve QOL of individuals with 

CVD remain elusive.

There have been some improvements in QOL reported 

by patients with CVD receiving medications such as 

venoactive drugs including micronized purified flavonoid 

fraction,12 undergoing surgical treatment,13 or receiving 

ultrasound-guided foam sclerotherapy.14 Lower leg exercise 

studies demonstrate improvements in leg function, but there 

is limited efficacy on QOL outcomes.15 Even standard of 

care (ie, compression hosiery, leg elevation) coupled with 

venoactive drugs and endovenous thermal ablation has not 

consistently demonstrated QOL improvements.16 These 

findings underscore the need for behavioral interventions 

and therapies that reduce negative symptoms and improve 

QOL.

An exploratory objective of this randomized trial was 

to evaluate the influence of a self-administered cooling 

therapy on QOL in patients with the more severe stages of 

CVD, clinical, etiological, anatomical, pathophysiological 

(CEAP) classification system classes C4 (skin damage) 

and C5 (history of leg ulcers). Cooling has been shown to 

improve numerous acute and chronic conditions,17–19 but the 

influence on QOL in patients with a chronic condition such 

as CVD has not been established. Differences in age and 

sex were of particular interest, given that the disease dispro-

portionately affects older females. Race and socioeconomic 

differences were also measured, as these QOL disparities are 

well established. QOL was measured with the CVD-specific 

VEINES-QOL instrument and subscale that provides an 

overall score of physical and psychosocial function. These 

exploratory aims sought to describe: 1) Differences in QOL 

total (VEINES-QOL) and subscale (VEINES-Sym) scores 

between the cooling and control groups, unadjusted and 

adjusted for covariates including sex, marital status, and resi-

dence (rural or urban). 2) Differences in race, employment 

status, body mass index (BMI), and leg circumference for 

participants <65 and ≥65 years of age between the cooling 

and control groups. 3) Differences in QOL total (VEINES-

QOL) and subscale (VEINES-Sym) scores for participants 

<65 and ≥65 years of age among and between the cooling 

and control groups.

Study design and subjects
In this 9-month randomized clinical trial cooling interven-

tion, signals of efficacy on QOL were explored and personal 

demographic and clinical factors related to QOL findings 

were investigated. The study was approved by the Institu-

tional Review Board of the Medical University of South 

Carolina, Charleston, SC, USA (Protocol No. 00008711), 

registered with ClinialTrials.gov (NCT0509599) and con-

ducted at three sites in the Eastern US between September 

2010 and December 2015. The population included patients 

diagnosed with CVD by the health care clinician or spe-

cialist. Subjects were randomized to receive a cooling cuff 

made of a flexible solid hydrogel or a placebo cuff filled 

with cotton batting, and the outcome of QOL was measured 

with the VEINES-QOL/Sym. The inclusion criteria were: 

1) age 21 years and above; 2) english speaking; 3) ankle 

brachial index, a measure of arterial insufficiency, between 

0.8 and 1.3 mmHg; 4) clinical manifestations CEAP C4 

and C5; 5) understand protocol by passing 10-question 

verbal test.

The seven CEAP clinical classes20 are shown in Table 1. 

The exclusion criteria were: 1) no diagnosis of venous insuf-

ficiency; 2) active leg or foot ulcer; 3) lower leg skin infection 

within past month; 4) surgical procedures performed on CVD 

affected leg in past 12 months; 5) comorbid conditions such 

Table 1 CEAP clinical classification stages for CVD

Clinical stage classification Description

C0 No visible or palpable disease
C1 Telangiectasia or reticular veins
C2 Varicose veins
C3 Edema
C4 Changes in skin and subcutaneous 

tissue: hemosiderin staining, eczema, 
lipodermatosclerosis, atrophe blance

C5 Skin changes with healed ulcer
C6 Changes in skin with active ulcer

Abbreviations: CEAP, clinical, etiological, anatomical, pathophysiological; CVD, 
chronic venous disease.
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as scleroderma, Raynaud’s disease, lupus erythematosus, or 

lymphedema; 6) receiving chemotherapy; 7) loss of neurosen-

sory or thermal skin sensation on the feet; 8) unable to wear 

compression wraps during waking hours; 9) not accessible 

by phone, email, or mail.

Patients were approached in the clinic by providers and 

recruited through public advertisements and word of mouth. 

Written informed consent was obtained from all participants 

after explaining the study purpose and procedures, frequency 

of visits, and compensation. A total of 347 patients with CVD 

were approached, 276 consented and were randomized to 

receive the cooling intervention (n=138) or placebo control 

(n=138). Randomization was carried out using a stratified 

permuted block design with a computer-generated allocation 

scheme to assign eligible participants, stratified by site, ie, 

practice, wound center, and self-referral. Treatment allocation 

was unknown to both participants and study staff until after 

baseline measures were completed. The cuffs were designed 

to look identical in color and size in an attempt to blind the 

participant as much as possible.

Group interventions
Both groups received standardized instruction on the pro-

cedures. A 6-minute DVD of all study procedures including 

standard of care that included compression with 30 mmHg 

leggings (JuxtaLite; CircAid by medi, San Diego, CA, USA), 

leg elevation with a 20-inch foam wedge pillow, and how to 

perform proper skin hygiene and lower leg exercises was 

shown by the research assistant to each participant, followed 

by a question/answer period. A 10-item oral quiz was given 

and return demonstration by the participant on the use of 

study equipment (eg, use of skin thermometer to self moni-

tor temperature, application of the cuff, recording of data on 

study logs) to determine mastery of content was conducted 

after baseline data were collected. The treatment and control 

groups received a cooling and placebo cuff, respectively, spe-

cially designed by Southwest Technologies (Kansas City, MO, 

USA) and were kept in the freezer until the time of use. The 

cooling cuff is made from a ¾ inch sheet hydrogel containing 

glycerin that prevents the material from freezing to a solid 

state. The sheet is encased in two polyethylene sleeves that 

prevent the cold hydrogel from directly contacting the skin so 

as to reduce the risk of frostbite. The thickness of the material 

was tested for its safety prior to use in the study, as available 

sheet gels were found to be too thin to effectively cool the 

skin. The material is malleable, allowing for conformity to 

various leg sizes and shapes. The cuff works by “pulling” 

heat from the superficial skin layers to reduce inflammation 

by slowing the abnormal metabolic activity associated with 

venous disease. Persistent, chronic inflammation damages 

the skin, predisposing it to ulceration. Cooling the skin thus 

prevents further skin damage and breakdown.18

The protocol consisted of application of the cuff during 

30 minutes of leg elevation per the following regimen: daily 

in month 1, twice weekly in months 2–3, once weekly in 

months 4–6, and then as needed in months 7–9 in response 

to a 2°C skin temperature elevation above the recorded 

baseline skin temperature. Participants measured skin 

temperature before, after, and 12 hours after the interven-

tion with a long-handled contact infrared thermometer 

(TempTouch; Diabetica Solutions, San Antonio, TX, 

USA). These self monitoring data were recorded on a 

study log for the purpose of determining skin temperature 

changes over time.

Measures and data collection
After consenting and enrollment, patients were interviewed 

at the baseline visit (V1). Data included demographic char-

acteristics such as age and sex, clinical data (health and 

medication history), and physiological data such as lower 

leg skin temperature and blood flow, and QOL.

To determine baseline, participants recorded on a stan-

dardized form the skin temperature of the affected leg each 

morning, measured 5 cm above the medial malleolus, for 

28 days. The average of these measurements was considered 

the baseline skin temperature.

QOL was measured with the VEINES QOL/Sym Ques-

tionnaire21 during an interview conducted at baseline V1, 

after month 1 (V2), month 3 (V3), month 6 (V4), and month 

9 (V5). All data were entered into a web-based Research 

Electronic Data Capture (REDCap) management system. 

Over the course of the study, adherence to the cuff applica-

tion was tracked via self-report on written logs. The logs were 

brought to each visit.

VEINES QOL/Sym Questionnaire
The VEINES QOL/Sym Questionnaire is a 26-item patient-

based, disease-specific questionnaire designed for self-com-

pletion. Calculation of the total score included summing 25 

of the 26 items that estimate daily living and psychological 

impacts of CVD (25 items) on QOL and symptoms (10 items) 

(VEINES-Sym subscale) including heavy legs, aching legs, 

swelling, night cramps, burning sensation, itching, throbbing, 

pain in the legs, restless legs, and numbness resulting from 

CVD. One of the items, Question 2 was used for descriptive 

purposes only and is not included in the overall score as it 
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takes into account the time of day when symptoms are more 

intense. Psychometric evaluation of total VEINES-QOL and 

VEINES-Sym scores has demonstrated good validity and 

reliability in numerous studies of CVD, including in individu-

als with leg ulcers and deep vein thrombosis.

Statistical analyses
Sample size was determined for the exploratory outcome, 

total VEINES-QOL score. With 96 participants randomized 

to each of the two treatment groups for a total N of 192, we 

had 85% power to detect a 0.49 standardized effect size (eg, 

Cohen’s d) between the groups. We assumed 20% attrition 

based on data from our previous study conducted over 30 

days;22 however, for the final sample size, the inflation was 

increased to 30% due to additional dropouts over this longer 

study period (9 months). The sample size was subsequently 

inflated to account for drop-outs over the study period to a 

final N of 276 participants (138 subjects per group). Given the 

exploratory nature of the study, the significance level (α) was 

maintained at 0.05 and was not adjusted for multiple outcome 

variables being assessed or multiple comparisons within out-

comes to protect against inflation of the false-positive error 

(Type I) that could result in an overly conservative conclusion.

For the comparisons between groups for continuous and 

categorical variables, pooled t-tests and χ2 tests were used, 

respectively. For all analyses that involved the examination of 

the effect of race on QOL, two participants were excluded in 

the “other race” category; comparison was restricted to White 

and Black. While detailed distributions of demographic and 

clinical measures are reported in Table 2, for some analyses, 

response categories were collapsed, for example, marital status 

and employment status were dichotomized. Marital status was 

defined as married vs not married which included never mar-

ried, widowed, separated, or divorced. Employment was defined 

as employed (full or part-time) vs not employed (unemployed, 

retired, volunteer, student, or home-maker). Statistical analyses 

were conducted using SAS 9.4 (Cary, NC, USA).

All VEINES-QOL and VEINES-Sym total scores were 

obtained using Bland et al’s23 intrinsic score method to allow 

for the comparison of scores over time.

All longitudinal models were analyzed using a mixed 

effects models  approach with clustering by participant to 

control correlation among repeated measurements and allow 

for analysis of all subjects including those missing data at 

various visits. Dependent variables were the change from 

baseline for VEINES-QOL and VEINES-Sym at each visit 

over the study period of 9 months. Group (cooling vs control) 

Table 2 Demographic features of sample by age and treatment 
group

Demographics Cooling Control p-value

Age <65 Age ≥65 Age <65 Age ≥65

n=85 n=53 n=81 n=57
Age (years) 55.4±7.3 74.3±6.3 52.9±7.8 72.2±6.2 –
Sex 0.690

Male 38 (44.7%)28 (52.8%) 36 (44.4%)24 (42.1%)
Female 47 (55.3%)25 (47.2%) 45 (55.6%)33 (57.9%)

Race 0.001a

White 35 (41.2%)26 (49.1%) 23 (28.4%)36 (63.2%)
Black 49 (57.6%)27 (50.9%) 57 (70.4%)21 (36.8%)
Other 1 (1.2%) 0 (0.0%) 1 (1.2%) 0 (0.0%)

Marital status 0.364b

Never married 20 (23.5%)3 (5.7%) 20 (24.7%)4 (7.0%)
Married 38 (44.7%)31 (58.5%) 37 (45.7%)30 (52.6%)
Widowed 5 (5.9%) 12 (22.6%) 3 (3.7%) 16 (28.1%)
Separated 6 (7.1%) 2 (3.8%) 10 (12.3%)2 (3.5%)
Divorced 16 (18.8%)5 (9.4%) 11 (13.6%)5 (8.8%)

Employment <0.001c

Employed 33 (38.8%)8 (15.1%) 35 (43.2%)7 (12.3%)
Volunteer 2 (2.4%) 2 (3.8%) 5 (6.2%) 3 (5.3%)
Retired 27 (31.8%)43 (81.1%) 20 (24.7%)43 (75.4%)
Unemployed 23 (27.1%)0 (0.0%) 21 (25.9%)4 (7.0%)

Residence 0.459
Rural 36 (43.4%)16 (30.2%) 30 (38.5%)23 (41.8%)
Urban 47 (56.6%)37 (69.8%) 48 (61.5%)32 (58.2%)

Clinical 
(baseline)
Body mass index 38.1±10.2 33.1±6.8 37.7±10.0 34.7±8.0 0.005
Ankle (cm) 25.1±5.0 24.4±3.6 24.4±3.1 24.9±4.0 0.634
Calf (cm) 41.3±7.2 37.6±4.6 39.6±5.4 38.3±7.0 0.003
CEAP stage 5 49 (57.6%)35 (66.0%) 45 (55.6%)31 (54.4%) 0.590
VEINES score
Total score 43.2±20.2 49.8±21.4 47.8±21.6 54.7±24.2 0.024
Symptom score 44.6±21.4 53.6±22.4 49.4±20.9 57.5±25.5 0.008
Medical conditions

Varicose veins 21 (24.7%)12 (22.6%) 22 (27.2%)19 (33.3%) 0.593
Diabetes 46 (54.1%)36 (67.9%) 48 (59.3%)35 (61.4%) 0.446
Hypertension 60 (70.6%)47 (88.7%) 53 (65.4%)43 (75.4%) 0.024
Arthritis 33 (38.8%)25 (47.2%) 24 (29.6%)38 (66.7%) <0.001

Medications
Insulin 28 (32.9%)19 (35.8%) 24 (29.6%)14 (24.6%) 0.591
Diuretics 15 (17.6%)15 (28.3%) 18 (22.2%)18 (31.6%) 0.225
Diabetes pill 33 (38.8%)22 (41.5%) 30 (37.0%)23 (40.4%) 0.957
Pain pills 31 (36.5%)14 (26.4%) 16 (19.8%)19 (33.3%) 0.095
Cholesterol 32 (37.6%)30 (56.6%) 24 (29.6%)36 (63.2%) <0.001
Antihypertensive 55 (64.7%)42 (79.2%) 48 (59.3%)34 (59.6%) 0.086

Notes: Data are represented as mean ± standard deviation for continuous variables 
and number (%) for categorical variables. ap-value was calculated using only White 
and Black categories (excluded 2 subjects in “other” category). bp-value was 
calculated using 2 categories used in analysis due to small sample size: married vs 
not married. cp-value was calculated using 2 categories used in analysis due to small 
sample size: employed vs not employed.
Abbreviation: CEAP, clinical, etiological, anatomical, pathophysiological.
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was included as fixed effect. Potential covariates included 

demographics (age, sex, race, marital status, employment, and 

residence) and clinical characteristics (time-varying covariate 

calf circumference), as well as potential effect modifiers, such 

as interaction terms of covariates with the group variable. 

Covariates with a bivariate p-value<0.2 were included in the 

full model. Model selection was carried out by sequentially 

removing the covariate with the highest p-value until only the 

covariates with 0.05 level of significance remained.

Results
There were 276 participants randomized into this explor-

atory study, 138 subjects for each arm (cooling and control) 

(Figure  1). The mean age was 63 years and 61 years for 

cooling and control (p=0.207), respectively, with approxi-

mately half the sample female or married (Table 2). The 

baseline VEINES scores were lower in the cooling group 

than the control group (VEINES-QOL score 45.7 vs 50.7, 

p=0.064; VEINES-Sym score 48.0 vs 52.7, p=0.093 for cool-

ing and control groups, respectively) though the differences 

did not reach statistical significance.

Aim 1
When the VEINES assessment was analyzed among cool-

ing and control groups (Figure 2A and B), both groups had 

statistically significant increases in unadjusted mean change 

VEINES-QOL scores of 15.7 (p<0.0001) and 15.1 (p<0.0001) 

points, respectively, over the 9-month study duration. No 

347 Assessed for eligibility

276 Randomized

138 Allocated to control group 138 Allocated to cooling group

39 Early study exits
  3 Lost to follow-up
14 PI terminated for
     non-compliance
21 Consent withdrawn
  1 Death

40 Early study exits
  7 Lost to follow-up
14 PI terminated for
     non-compliance
18 Consent withdrawn
  1 Death

89 Successful study
completions

90 Successful study
completions

71 Excluded
2 Declined to participate
11 Lost to follow-up

2 Rheumatoid arthritis
8 Arterial disease
16 Open venous leg ulcer
21 No history of stage 4 or 5 CVD
1 Surgery on study leg in past 1 year
1 Lupus
1 Raynaud’s disease
1 End stage renal disease
1 Multiple sclerosis
1 Dementia
1 No skin sensitivity to touch or heat/cold on study leg foot
2 Arterial brachial index out of range on study leg
2 Leg dimensions too small for study materials

58 Did not meet inclusion criteria

Figure 1 CONSORT participant diagram depicting the flow of participants through the trail.
Abbreviation: PI, Principal investigator.
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statistically significant difference in change of QOL was 

observed between the treatment and control groups (Δ =0.69, 

p=0.57). Similarly, when adjusting for the influence of covari-

ates in QOL, both cooling and control groups had statistically 

significant increases in adjusted mean change VEINES-QOL 

scores (Δ =13.5, p<0.0001; Δ =12.8, p<0.0001, respectively) 

over the 9-month study duration with no statistically signifi-

cant difference in change of QOL observed between groups 

(Δ =0.67, p=0.58). However, a statistically significant age-by-

treatment interaction (p<0.0001) indicated that the impact of 

treatment on VEINES-QOL scores was related to age; the 

change VEINES-QOL score for the cooling group was 0.4 

points higher than for someone of the same age in the con-

trol group. The change VEINES-QOL score was 5.5 points 

higher for females than males (p<0.0001) and 6.0 points 

higher among those married compared to those who were not 

married (p<0.0001). Those not employed full- or part-time 

had a change VEINES-QOL score of 9.3 points higher than 

those who were employed (p<0.0001). Living in rural areas 

increased the change VEINES-QOL score by 3.8 points as 

compared to those living in urban areas (p=0.002). For every 

3 cm calf circumference increase from baseline, the VEINES-

QOL score decreased 1 point from baseline (p=0.042).

Similarly, both cooling and control groups had a statisti-

cally significant mean increase in VEINES-Sym scores from 

baseline (10.4, p<0.0001; 6.7, p<0.0001 respectively). The 

cooling group, however, had a significantly higher increase 

compared to the control group (Δ =3.7, p=0.015). As with 

the VEINES-QOL score, the effect of treatment on VEINES-

Sym scores was significantly related to age, indicated by 

a statistically significant age-by-treatment interaction; the 

change from baseline VEINES-Sym score for the cooling 

group was 0.4 points higher compared to someone of the 

same age in the control group (p=0.0003). Females had higher 

average change scores in both cooling and control groups 

(mean =15.1 and 7.8, respectively) than men (5.7 and 5.5, 

respectively), with a statistically significant treatment-by-sex 

interaction (p=0.010). Among those not employed full- or 

part-time, the mean change VEINES-Sym score was 12.6 

and 12.0 for cooling and control groups, respectively; how-

ever, for those employed full- or part-time, the mean change 

VEINES-Sym score was 8.1 for the cooling group but only 

1.4 for the control group, with a statistically significant treat-

ment interaction (p=0.046). Being married was associated 

with a 6.3-point increase in change from baseline VEINES-

Sym score compared to those not married (p<0.0001), and 

1 cm increase from baseline in calf circumference decreased 

the VEINES-Sym score by 0.4 points (p=0.021).

Given the strong age by treatment association in VEINES 

scores, for subsequent analyses, subjects in each treatment 

group were categorized by age as those less than 65 years 

and those greater than or equal to 65 years. For the cooling 

group, there were 85 (61.6%) participants <65 years of age 

and 53 (38.4%) participants ≥65, with mean age of 55 and 74 

years, respectively; in the control group, there were 81 (58.7%) 

participants <65 years of age and 57 (41.3%) participants ≥65 

years or older, with mean age of 53 and 72 years, respectively.

Aim 2
There was a statistically significant difference in the distribu-

tion of race between groups (p=0.001, Table 3). In the cooling 

group, the distribution was similar to the overall sample, with 

approximately half of the participants being African American/

Black in both the age groups, <65 and ≥65 years. However, in 
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Figure 2 VEINES total scores (A); VEINES symptom scores (B).
Notes: (A) Unadjusted mean VEINES total scores over the 9-month study period by treatment and age group. (B) Unadjusted mean VEINES symptom scores over the 
9-month study period by treatment and age group.
Abbreviation: QOL, quality of life.
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the control group, more than two-thirds of the age <65 years 

group were African American/Black (70.4%), whereas almost 

two-thirds of the age ≥65 years group were White (63.2%). 

As expected, employment status was statistically significantly 

different between age groups: a small proportion of the ≥65 

age groups were employed in both treatment groups compared 

to the <65 age groups (employed 15.1% and 12.3% for the 

≥65 age group in cooling and control groups, respectively; 

p<0.0001). There were statistically significant differences in 

BMI and calf circumference (cm) between groups, with the <65 

age group having higher BMI (p=0.0045) and higher average 

calf circumference (p=0.0028) compared to the ≥65 age group.

Aim 3
Age <65 group
When the VEINES-QOL change from baseline score was 

compared between treatment groups for those <65 years 

old, there were statistically significant increases in average 

change from baseline for VEINES-QOL and VEINES-Sym 

scores for both groups (all p<0.0001, Table 4), with the high-

est increases in the control group.

The average change from baseline in VEINES-QOL score 

for cooling and control was 13.9 and 18.3, respectively, with 

a significantly larger increase in the control group (Δ =–4.4, 

p=0.007). Those participants who were not employed at 

baseline had a change from baseline score 7.3 points higher 

than those participants who were employed (p<0.0001). 

The change VEINES-QOL score was higher for females 

than males (6.0, p=0.0003) and those living in rural areas 

compared to urban areas (5.3, p=0.0012). For every 1 cm 

ankle circumference increase from baseline, there was a 0.6-

point increase in change from baseline total score (p=0.025).

The average change from baseline in VEINES-Sym score 

for the cooling and control groups was 11.3 and 12.4, respec-

tively (Δ =–1.1, p=0.540). Among those not employed full- or 

part-time, the mean change VEINES-Sym score was 12.0 and 

17.1 points for cooling and control groups, respectively; for 

Table 3 Change from baseline to month 9 in VEINES-QOL 
scores by treatment and age group (least squared means)

Scores Cooling Control p (between treatments)

Total scorea

Total sample 13.5* 12.8* 0.576
<65 years 13.9* 18.3* 0.007

≥65 years 10.8* 4.5** <0.001
<65 years ≥65 years p (between age groups)

Cooling 13.8* 14.7* 0.602
Control 17.7* 5.8*** <0.0001
Symptom scorea

Total sample 10.4* 6.7* 0.015
<65 years 11.3* 12.4* 0.540

≥65 years 8.1* –1.0 <0.0001
<65 years ≥65 years p (between age groups)

Cooling 10.7* 13.7* 0.112
Control 12.5* 0.7 <0.0001

Notes: aChange from baseline = score – baseline; positive values are improvements 
and negative values are declines. Change from baseline p-value: *<0.0001, **<0.01, 
***<0.001.
Abbreviation: QOL, quality of life.

Table 4 Demographic features of sample at baseline

Demographics Cooling
n=138 

Control
n=138 

p-value

Age (years) 62.7±11.5 60.9±11.9 0.207
Sex 0.468

Male 66 (48.2%) 60 (43.5%)
Female 72 (52.2%) 78 (56.5%)

Race 0.808a

White 61 (44.5%) 59 (42.8%)
Black 76 (55.1%) 78 (56.5%)
Other 1 (0.7%) 1 (0.7%)

Marital status 0.802
Never married 23 (16.7%) 24 (17.4%)
Married 69 (50.0%) 67 (48.6%)
Widowed 17 (12.3%) 19 (13.8%)
Separated 8 (5.8%) 12 (8.7%)
Divorced 21 (15.2%) 16 (11.6%)

Employment 0.616
Employed 41 (29.7%) 42 (30.4%)
Other 4 (2.9%) 8 (5.8%)
Retired 70 (50.7%) 63 (45.7%)
Unemployed 23 (16.7%) 25 (18.1%)

Residence 0.786
Rural 52 (38.2%) 53 (39.8%)
Urban 84 (61.8%) 80 (60.2%)

Clinical (baseline)
Body mass index 36.2±9.3 36.4±9.3 0.819
Ankle (cm) 24.9±4.5 24.6±3.5 0.560
Calf (cm) 39.9±6.6 39.1±6.1 0.306
CEAP stage 5 84 (60.9%) 76 (55.1%) 0.329
VEINES-QOL score

Total score 45.7±20.9 50.7±22.7 0.064
Symptom score 48.0±22.2 52.7±23.2 0.093

Medical conditions
Varicose veins 33 (23.9%) 41 (29.7%) 0.277
Diabetes 82 (59.4%) 83 (60.1%) 0.902
Hypertension 107 (77.5%) 96 (69.6%) 0.133
Osteoarthritis 58 (42.0%) 62 (44.9%) 0.627

Medications
Insulin 47 (34.1%) 38 (27.5%) 0.241
Diuretics 30 (21.7%) 36 (26.1%) 0.397
Oral antidiabetic 
 agents

55 (39.9%) 53 (38.4%) 0.805

Pain medications 45 (32.6%) 35 (25.4%) 0.185
Statins 62 (44.9%) 60 (43.5%) 0.808
Antihypertensives 97 (70.3%) 82 (59.4%) 0.059

Notes: Data are represented as mean ± standard deviation for continuous variables 
and number (%) for categorical. ap-value (p) was calculated using only White and 
Black ethnic categories (excluded 2 subjects in “other” category).
Abbreviation: CEAP, clinical, etiological, anatomical, pathophysiological.
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those employed full- or part-time, the mean change VEINES-

Sym score was 10.6 and 7.6 for cooling and control groups, 

respectively (treatment-by-employment, p=0.025). The 

change VEINES-Sym score was higher for females than 

males (Δ =6.2, p=0.001), those who were married compared 

to not married (Δ =5.0, p=0.007), and those living in rural 

areas compared to urban areas (Δ =5.5, p=0.003).

Age ≥65 group
When the VEINES-QOL change from baseline score was 

analyzed for those ≥65 years old, there were statistically 

significant increases in average change from baseline of 

VEINES-QOL scores for both cooling and control groups 

(p<0.0001 and p=0.004, respectively); however, aver-

age change in VEINES-Sym score for cooling increased 

(p<0.0001), while for the control group it decreased 

(p=0.557). Contrary to the age <65 group, the highest 

increases were seen in the cooling group.

The average change from baseline in VEINES-QOL score 

for cooling and control groups was 10.8 and 4.5, respec-

tively (Δ =6.3, p=0.0004). Those participants who were not 

employed (85% in this age group) at baseline had a change 

score 14.3 points higher than those participants who were 

employed (p<0.0001). The change VEINES-QOL score was 

10.3 points higher for those who were married than those 

not married (p<0.0001). For every 1 cm calf circumference 

increase from baseline, there was a 0.6-point decrease in 

change from baseline VEINES-QOL score (p=0.010).

The average change from baseline in VEINES-Sym 

score for the cooling and control groups was 8.1 and –1.0, 

respectively (Δ =9.1, p<0.0001). Among females, the mean 

change VEINES-Sym score was 14.0 and –0.3 points for 

cooling and control groups, respectively; for men, the mean 

change VEINES-Sym score was 2.2 and –1.8 for cooling 

and control groups, respectively (p=0.001). The change 

VEINES-Sym score was higher for those not employed full 

or part-time compared to those employed full or part-time 

(13.2, p<0.0001) and those who were married compared to 

not married (9.9, p<0.0001). A 1 cm increase from baseline 

in calf circumference decreased the VEINES-Sym score by 

0.7 points from baseline (p=0.009).

Cooling group
When the change from baseline scores was compared 

between age groups for those in the cooling arm, statistically 

significant increases in average change from baseline were 

observed for VEINES-QOL scores and VEINES-Sym scores 

for both age groups (all p<0.0001, Table 3), with the highest 

increases in the ≥65 age group for both scores. However, 

there were no statistically significant differences in the mean 

change from baseline scores between age groups (p=0.60 and 

p=0.11 for <65 and ≥65 age groups, respectively).

Control group
Similarly, comparison of change from baseline scores 

between age groups for those in the control group showed 

statistically significant increases in average change from 

baseline for VEINES-QOL scores for both groups, with a sta-

tistically significantly higher increase among those in the <65 

age group compared to ≥65 age group (Δ =11.9, p<0.0001). 

VEINES-Sym score for both age groups increased; however, 

only the <65 years group had a statistically significant change 

from baseline score (p<0.0001), which was statistically sig-

nificantly higher compared to change from baseline for the 

≥65 years group (Δ =11.8, p<0.0001).

Discussion
The results of this exploratory study of 276 individuals with 

CEAP stages C4 (skin damage) and C5 (history of VLUs) 

suggest that the cooling intervention, coupled with standard 

of care, improved QOL. The greatest improvements were 

observed in older individuals, females, those who were mar-

ried, not working full time, and living in rural areas. There 

were no associations noted with comorbid conditions such 

as diabetes, suggesting individuals with comorbid conditions 

experienced no differences in QOL between groups.

In aim 1, differences between the cooling and control 

groups on QOL were examined. It is well recognized that 

lower QOL is prevalent in individuals with CVD.1–3,16,24 The 

symptoms of burning, swelling, pain, heaviness, and achi-

ness lead to ongoing disability and impaired function in daily 

activities.16 However, recent research of nonpharmacological 

options is limited for the self-management of CVD symp-

toms that would augment established standard of care that 

includes compression and leg elevation. Compression has 

been shown to positively influence QOL, but unfortunately 

adherence is low.25 In our study, adherence was moderately 

high, and both treatment and control groups demonstrated 

improvements with standard of care over time, with indi-

viduals using the cooling cuff reporting higher scores for 

both QOL and symptoms. Older individuals in the cooling 

group, ≥65 years of age in particular, experienced much 

greater improvements in symptoms compared to the older 

control group ≥65 years of age; the latter group experienced 

no improvements at all, in fact, they reported a worsening 

of symptoms from baseline. Older individuals may be more 
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susceptible to the physiological and psychological benefits 

of cooling. Between treatment groups and age, females were 

more positively susceptible to the cooling intervention for 

improvements in QOL and symptom outcomes, as were 

individuals who were not employed or working part-time, 

married, and living in rural areas.

Baseline characteristics of the participants reflect the 

clinical–anatomical–etiological pathogenesis of CVD; the 

disease affects older individuals and females. Our population 

had worse disease stages and several comorbid conditions, 

was older, with a mean age of 62 years, and had a slightly 

higher proportion (54.4%) of females, all factors highly 

associated with poorer QOL. Older age and being female are 

risk factors for CVD, and epidemiological studies suggest 

females are more likely to experience all stages of CVDs, 

from varicose veins to leg ulcers, and have lower QOL and 

greater severity of symptoms.1,2,11,16,26–28 It is important to note 

that in our study, we wished to assess change over time in 

response to the cooling treatment; while we assessed QOL 

at baseline, it was not our intent to determine whether QOL 

was poor or low at that time. The VEINES-QOL instrument 

was selected to provide a reliable and responsive measure of 

changes over time; it did not provide a score that character-

ized the level of QOL. We sought to determine how much 

change in QOL and symptoms took place over the study 

period, not whether the changes were related to alterations 

in the disease process.22

It is generally known that differences exist between males 

and females with regard to thermal sensitivity.29 Regardless 

of age, females display a greater thermal sensitivity than 

males; however, age-related declines in sensitivity between 

both older males and females exist.30 Furthermore, younger 

and older females experience lower skin temperatures in 

response to the same cooling stimuli suggesting that females 

are more sensitive to cooling. Females have more peripheral 

skin receptors, and those with CVD are noted to have dif-

ferent symptom presentations than males. Older females are 

reported to have more neuropathic-type complaints such as 

itching, burning, throbbing, and night cramps compared to 

males who report more nocioceptive symptoms such as heavy 

and achy legs.31,32

The influence of sex hormones and phases of the luteal 

cycle may have explained some of the variation between sexes 

in younger females although recent data suggest that there are 

no intramenstrual differences noted in response to cooling the 

feet.33 However in our study, it was assumed that the majority 

of females were postmenopausal (average age of females 

was 61.4 years, range 34–87), thus hormonal influences were 

not likely to explain why females, particularly older females, 

reported improvements in QOL and a more pronounced reduc-

tion in negative symptoms, related to cooling. Behaviorally, this 

sex response in older females could be partially explained by 

females initiating a cognitive temperature regulation response 

earlier than males in order to maintain thermal balance.34 How-

ever, the relationship between this response and cold perception 

for relief of skin symptoms is not well documented. Through 

various cutaneous sensory and behavioral mechanisms, 

females respond differently to cooling, and these data suggest 

low level cooling of skin affected by CVD provides positive 

outcomes related to symptom reduction and improvements 

in QOL. Physiologically via these pathways, cooling legs in 

females provided greater “relief ” from these neuropathic-type 

symptoms and improved QOL.

Research has shown that subjective health is related to 

numerous external factors such as social support, marital 

status, and location of residence, in particular, neighborhood 

characteristics.35,36 Marriage provides protective health ben-

efits, and married individuals have longer survival times and 

lower incidence of health conditions compared to unmarried 

individuals.37 Marital status has also been shown to posi-

tively affect QOL, but this differs by sex and age.38 Having 

a spouse/partner as a social support may provide encourage-

ment and reminders to engage in self-management behaviors 

that improve overall well-being. This might have been the 

case with the participants in the study. No clear relationship 

between residing in urban or rural environments and QOL has 

been established for individuals with CVD. Data suggest that 

individuals living in rural areas may have less access to health 

care, but research on the influence on QOL is lacking.39 In the 

current study, individuals in both age and treatment groups 

residing in rural areas reported improvements in QOL and 

symptoms with cooling. It has been suggested that individuals 

living in rural areas may have a greater sense of satisfaction 

or gratification with life and have well-established relation-

ships within the community, and also visiting with friends, 

neighbors, and relatives has a stronger positive effect on 

subjective well-being.40–43 Satisfaction with living conditions 

in rural settings may have bolstered the addition of cooling to 

standard of care in providing improved QOL and symptom 

reduction such that participants felt a greater sense of control 

and perceived well-being in overall health,44 although control 

and well-being were not study outcomes.

In aim 2, it was no surprise that individuals who were 

employed were <65 years of age and reported less improvement 

in QOL and reduction in symptoms compared to their non-

working older counterparts. Many of those who worked 
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reported being in jobs that required long hours of standing and 

had higher BMIs and were obese (38.1 kg/m2 for the treatment 

group and 37.7 kg/m2 for the control group). Standing for long 

periods of time increases complaints related to CVD.45 We 

found that cooling of legs of participants with larger calf cir-

cumference, also indicative of obesity and/or swelling, resulted 

in minimal improvements in QOL or symptom reduction. 

In general, individuals with swelling have reduced function 

and higher reports of pain and disability.46–48 Our findings are 

consistent with those reported in the literature and suggest 

working individuals may be less compliant with therapy. A 

limitation of the study was the unequal distribution of race in 

the control groups. Our randomization scheme did not consider 

stratified allocation to prevent uneven race representation, 

and consequently there were higher number of Black/African 

American participants in the younger control group and White 

participants in the older age control group. Thus, comparisons 

among race by treatment by age were unable to be conducted.

In aim 3, individuals in the older age group had a very 

positive QOL response to cooling. There is age-dependent 

neural degeneration within the afferent signals from reduced 

peripheral thermoreceptor density, reduced conduction veloc-

ity, and/or decreased neurotransmitter release.49 These changes 

are posited to be responsible for the decline in sensitivity and 

an increase in neuropathic-type sensations.49 It is currently 

unknown whether age-related changes and the interaction 

with sex on sudomotor and cutaneous vascular function, both 

important to maintain thermal balance, are involved in thermal 

sensitivity and perception.6,30 The cooling cuff used in this 

study reduced skin temperature by 2–5°C for approximately 

30 minutes, providing a cooling sensation that affects affer-

ent sensory perception in various skin neuronal pathways. 

The negative symptoms of itching, burning, or tingling were 

reduced. These findings are consistent with studies in which 

cooling relieved itching sensations in various skin disorders 

with an inflammatory component such as CVD.50

Limitations
One of the major limitations of this trial was recruitment of the 

population; they experienced multiple chronic conditions and 

had other vascular disorders including arterial insufficiency, 

which excluded them from the trial. Data obtained from the 

exit survey suggested some of the participants found the cuff 

to be “too cold”, “covered too much of my leg”, and “was 

heavy”; thus, it was unclear whether they kept the cuff on for 

the required amount of time needed to effectively achieve the 

desired cooling results. Conversely, other participants reported 

the cuff  “felt so good”; some indicated they used it more 

frequently than the protocol required. Whether this increased 

frequency of use affected outcomes is not known. Measuring 

temperatures three times daily during active treatment was also 

considered burdensome by some participants, but most stated 

they liked knowing their leg temperatures over time and knew 

this was an important aspect of the study. These comments 

informed the revision of procedures for an ongoing random-

ized controlled trial of a small cooling patch, compared to 

placebo, in a “real-world” trial in which participants receive 

the patch and are instructed to take care of their legs and feet 

per instruction from the primary care provider. QOL and self 

efficacy are two outcomes of the study.

Conclusion
CVD remains a poorly controlled chronic condition and 

has a major negative influence on QOL. It is important for 

health care providers to assess for the presence of deleterious 

symptoms including burning, heaviness, and cramps as these 

factors can lead to low function and psychosocial impair-

ments such as poor sleep, anxiety, and depression. Data from 

this descriptive study suggest that cooling the skin when used 

in conjunction with compression leggings and leg elevation 

provides a preliminary signal of efficacy on improved QOL. 

However, findings are preliminary and need to be confirmed 

in future studies. For clinical care, we recommend every 

other day cooling with a non-solid-gel pack encased in some 

type of thin cloth and placed on the affected skin with legs 

elevated on at least two pillows for 30 minutes. Compression 

leggings are to be worn when individuals are ambulatory and 

removed during the cooling treatment. There continues to be 

a tremendous need for training of health care professionals 

on best practices for managing CVDs and the debilitating 

symptoms in order to improve the QOL of these individuals.
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