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3. Timeline: Analyses and manuscript preparation will be performed over the next 6 months. 

 

4. Rationale:  

 Varicose veins of the lower extremities, which are manifestation of chronic venous 

insufficiency, has been estimated approximately 23% of adults in the US, and affect 

approximately 22 million women and 11 million men aged 40 to 80 years.1 Varicose veins can 

progress to serious morbidity such as risk of leg ulcers2 or be related to future risk of deep 



venous thrombosis.3-5 Also, the medical cost of chronic venous disease in the US have been 

reported to reach $3 billion per year, mostly due to advanced cases with leg ulcers.2, 6  

 An important clinical manifestation of varicose veins is leg symptom such as feelings of 

heaviness or tightness,7 which may result in reduced leg function. Also, lower physical function 

has been reported as a risk factor of varicose veins.8 Indeed, a few cross-sectional studies 

demonstrated the association between varicose veins and reduced physical function.9-12 However, 

most of them were small (n<1000)9-12 or examined limited measures of physical function (e.g., 

only walking,9, 12 range of the ankle motion,10 lower extremity muscle strength11). Therefore, we 

aim to quantify the cross-sectional association of varicose veins with comprehensive objective 

measures of physical function (e.g., the Short Physical Performance Battery and grip strength) 

and physical activity using data from visit 5 of the Atherosclerosis Risk in Communities (ARIC) 

Study. Since a few measures of physical function are included in the definition of frailty and 

frailty is an important concept for older adults, we will also analyze the association of varicose 

veins and frailty. In addition, combining visit 6 data, we will evaluate whether prior history of 

varicose veins at visit 5 is associated with subsequent changes in physical function.  

 

5. Main Hypothesis/Study Questions: 

 Varicose veins will be associated with lower physical function, lower physical activity, 

and frailty independently of comorbidities such as diabetes, hypertension, or history of 

cardiovascular disease. 

 Since varicose veins tend to affect lower extremity, the associations will be more evident 

for lower extremity function (e.g., walking speed) than (i.e., grip strength). 

 We will confirm these associations in longitudinal data from visits 5 and 6. 

  

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, 

and any anticipated methodologic limitations or challenges if present). 

 

Study design:  

1. Cross-sectional study 

We will quantify the cross-sectional association of varicose veins with physical function, 

physical activity and frailty using data from visit 5. 

2. Longitudinal study 

We will utilize a longitudinal study design to assess the association of history of varicose 

veins at visit 5 with changes in physical function, physical activity and frailty from visit 5 

to visit 6. 

 

Inclusions: 

 All ARIC participants with data on physical function and other necessary covariates at 

visit 5 

 

Exclusions: 

 Race other than black and white 

 Missing data on physical function and other covariates at visit 5 

 Missing data on physical function at visit 6 for longitudinal analyses 



 

Exposure: Clinically recognized varicose veins 

 We will capture all ARIC participants who had diagnosis of varicose veins after visit 1 

through visit 5.  

 Varicose veins will be defined by relevant diagnosis during hospitalization or outpatient 

visits.  

 Hospitalization due to varicose veins will be identified from ARIC hospitalization 

data and CMS Medicare data (ICD-9 codes: 454.xx). 

 Outpatient visits for varicose veins will be identified from CMS Medicare data 

(ICD-9 codes: 454.xx) (at least two visits for varicose veins as primary exposure 

and at least a visit as secondary exposure) 

 

Outcomes: 

1. Physical Function 

a. The Short Physical Performance Battery (SPPB) 

 SPPB includes three components of physical performance such as gait speed (i.e., 

time to walk 4 meters), chair stands (i.e., time to complete 5 chair stands), and 

standing balance (i.e., semi tandem stand, side-by-side stand, tandem stand). 

 The SPPB summary score was calculated by summing the scores (0-4 for each 

measures) from the three components, ranging from 0 (poorest) to 12 (best), and 

SPPB score ≤6 or ≤9 will be considered as poor physical function.13, 14 We will 

also consider each component of gait speed, chair stands, and standing balance, 

separately. ≤2 or ≤3 points of each of three components will be considered as 

poor physical function.13 

 We will also calculate walking velocity (m/sec), dividing 4 meter by the time 

(sec) to complete 4 meters walk, use it as a continuous variable. 

b. Grip strength 

 We will consider grip strength in kilograms of force using a dynamometer 

and the better of two trials will be used for our analysis. 

 Grip strength (kg) ≤median value will be considered as poor grip strength. 

 

2. Physical activity 

Physical activity in ARIC was assessed via a modified interviewer-administered Baecke 

Questionnaire. We will consider sport during leisure time and leisure time (excluding 

sport) activities, and current American Heart Association (AHA) physical activity 

guidelines. Participants itemized leisure time exercise activities and answered questions 

regarding the frequency of participation in each, hours per week and months per year 

performing each activity. Each activity is converted into a metabolic equivalent of task 

(MET) based on its intensity, as per the compendium of Physical Activities.15  

a. AHA physical activity guideline16 

 Physical activity levels were categorized into ideal, intermediate and 

poor. 

 Ideal: ≥75 min/week of vigorous intensity (>6 METs) or >150 min/week 

of moderate (3-6 METs), or ≥150 min/week of any combination of 

moderate + vigorous intensity exercise 



 Intermediate: 1-74 min/week of vigorous intensity or 1-149 min/week of 

moderate, or 1-149 min/week of any combination of moderate + vigorous 

intensity exercise 

 Poor: 0 min/week of moderate or vigorous exercises 

b. Sport activity 

 We will consider the score of sport activity and total volume of activity 

during leisure time. 

 The score of sport activity was expressed as the average of the four items 

one to five-point score. The four items included participants itemized 

sport activities and questions regarding the frequency of participation in 

each, hours per week and months per year performing each activity.  

 Total volume of activity (a continuous variable of MET*min/week) will 

be expressed as a multiplicative combination of intensity, duration and 

frequency of sport activity. 

 The score of sport activity and total volume of activity ≤median values 

will be considered as poor sport activity.  

c. Leisure time activity 

 We will consider score of leisure time activity.  

 The score of leisure time activity was expressed as the average of the three items 

one to five-point score. The three items included frequency of watching 

television, walking, and bicycling. 

 The score of leisure time activity ≤median values will be considered as poor 

leisure time activity.  

 

3. Frailty 

Participants will be categorized into three groups: frailty (if ≥3 of the listed components 

were present), pre-frailty (if 1-2 of the listed components were present) and non-frailty (if 

none of the listed components were present) as done previously.17 

Table. Frailty definition of each component 

Components Definition 

Weight loss Unintentional weight loss of 10% between visit 4 and visit 5 or 

body mass index (BMI) <18.5kg/m2 

Slowness The 20th percentile in sex- and height-adjusted gait speed 

during a 4-m walk test using the cutoff values established from 

CHS18 

Exhaustion Responded “some of the time” or “most of the time” to 2 

questions of the following the 11-item Center for 

Epidemiologic Studies-Depression scale (CESD) questions: “I 

felt everything I did was an effort” or “I could not get going” 

Weakness The 20th percentile in sex- and BMI-specific grip strength 

using the cutoff values established from CHS18  

Low physical activity The 20th percentile in sex-specific Baecke leisure sport activity 

index 

 

Covariates: socio-demographic characteristics (age, race, gender, education), alcohol intake, 

smoking status, body mass index, history of cardiovascular disease (coronary heart disease, 



stroke or heart failure), hypertension (systolic blood pressure ≥140 mmHg, diastolic blood 

pressure ≥90 mmHg, or use of antihypertensive medication), diabetes (fasting blood glucose 

≥126 mg/dL, non-fasting glucose ≥200 mg/dL, reported history of diabetes, or use of anti-

diabetes medication), lipid parameters (Total cholesterol, HDL cholesterol and LDL cholesterol), 

antidyslipidemia medications, ankle brachial index (ABI), and health insurance status at visit 5. 

 

Statistical Analysis: 

1. We will summarize baseline characteristics by absence and presence of varicose veins. 

2. Subsequently, we will quantify the cross-sectional association of varicose veins with 

physical function, physical activity, and frailty as continuous and/or dichotomous 

outcome variables using linear and logistic regression models, as appropriate. 

 Linear regression models: the scores of physical function (the scores of SPPB, gait 

speed, chair stands, standing balance, and grip strength [kg]), physical activity (the 

score of sport and leisure time, and MET-min/week), the score of frailty (the score of 

composite and individual weight loss, exhaustion, low physical activity, slowness, 

and weakness) 

 Logistic regression models: SPPB (≤6 vs. >6), gait speed (≤2 vs. >2), chair stands (≤2 

vs. >2), standing balance (≤2 vs. >2), grip strength (≤ median value vs. >median 

value), sport and leisure time activities (≤ median value vs. >median value), AHA 

recommendation physical activity (poor vs. ideal or intermediate) and frailty (frailty 

vs. none or pre-frailty). We will repeat the analysis using 9 for overall score and 3 for 

individual component score as thresholds. 

 Several models will be constructed to evaluate the impact of potential confounders. 

Model 1: Crude 

Model 2: adjusted for demographic variables (age, gender, race, and education levels)  

Model 3: Model 2 + body mass index, hypertension, diabetes, total cholesterol, HDL-

cholesterol, antidyslipidemia medications, history of cardiovascular disease, smoking 

status, alcohol intake and ABI (the lowest values of both legs) 

3. We will evaluate the association between history of varicose veins at visit 5 and 

subsequent changes in physical function, physical activity and frailty as continuous 

and/or dichotomous outcome variables in longitudinal data from visit 5 and 6 using 

mixed effect models and logistic regression models, as appropriate. 

 Mixed-effect model: changes in physical function (e.g., walking velocity [m/sec]) 

and physical activity (e.g., MET-min/week) from visit 5 to 6  

 Logistic regression models: Incident of low physical function and physical activity, 

and incident of frailty at visit 6 (SPPB [≤6 vs. >6], gait speed [≤2 vs. >2], chair 

stands [≤2 vs. >2], standing balance [≤2 vs. >2], grip strength [≤ median value vs. 

>median value], sport and leisure time activities [≤ median value vs. >median value], 

AHA recommendation physical activity [poor vs. ideal or intermediate] and frailty 

[frailty vs. none or pre-frailty]). We will repeat the analysis using 9 for overall score 

and 3 for individual component score as thresholds. 

 Several models will be constructed to evaluate the impact of potential confounders as 

above. 

4. We will conduct a few sensitivity analyses. 

 To compare the contributions of varicose veins to physical function, physical 

activity, and frailty in subgroups, we will perform subgroup analysis according to 



age, gender, race, hypertension, diabetes, history of cardiovascular disease, smoking 

status and insurance status (e.g., Medicare advantage plan). 

 To account for potential bias due to population attrition, we will repeat our analyses 

using inverse propensity score for attrition weight (IPAW) methods.19 We will 

estimate the marginal and conditional probability of remaining in the study to 

generate base and stabilized weights using data prior to visit 5 (mainly visit 4 data 

and most recent annual/semiannual follow-up telephone call and hospitalization 

data).20  
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