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Abstract

Background: Experimental evidence suggests sedentary time (ST) may contribute to 

cardiovascular disease by eliciting detrimental hemodynamic changes in the lower limbs. 

However, little is known about objectively-measured ST and lower extremity peripheral artery 

disease (PAD).

Methods: We included 7,609 Hispanic/Latinos (ages 45–74) from the Hispanic Community 

Health Study/Study of Latinos. PAD was measured using the ankle brachial index (ABI≤0.9). ST 

was measured using accelerometry. We used multivariable logistic regression to assess 
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associations of quartiles of ST and PAD then used the same logistic models with restricted cubic 

splines (RCS) to investigate continuous non-linear associations of ST and PAD. Models were 

sequentially adjusted for traditional PAD risk factors, leg pain, and moderate-vigorous intensity 

physical activity (MVPA).

Results: Median ST was 12.2 hours/day and 5.4% of individuals had PAD. Fully adjusted RCS 

models accounting for traditional PAD risk factors, leg pain, and MVPA, ST had a significant 

overall (p= 0.048) and non-linear (p= 0.024) association with PAD. A threshold effect was seen 

such that time spent above median ST was associated with higher odds of PAD. That is, compared 

to median ST, 1, 2 and 3 hours above median ST was associated with a PAD OR of 1.16 (95% CI: 

1.02–1.31), 1.44 (1.06–1.94) and 1.80 (1.11–2.90), respectively.

Conclusions: Among Hispanic/Latino adults, ST was associated with higher odds of PAD, 

independent of leg pain, MVPA, and traditional PAD risk factors. Notably, we observed a 

threshold effect such that these associations were only observed at the highest levels of ST.

Introduction

Recent technological changes and trends in occupational, transportation and home-life has 

allowed for increases in daily sedentariness.1 This is concerning, as higher daily sedentary 

time has been shown in numerous studies to be associated with increased risk for 

cardiovascular events, cardiovascular mortality and all-cause mortality.2–5 Given the rising 

trend in daily sedentariness and its association with poor cardiovascular outcomes, it is 

critical to further understand the mechanisms through which sedentary behaviors influence 

cardiovascular disease.

Peripheral artery disease (PAD) is an important clinical and public health endpoint because 

it is associated with reduced quality of life and with increased risk for cardiovascular events 

and mortality.6, 7 Previous research has shown that the development of extra coronary 

atherosclerosis tends to occur in the arteries in the lower versus upper extremities.8 

Prolonged exposure to sitting may promote endothelial dysfunction.9 Given that endothelial 

dysfunction is the hallmark feature for the initiation of the atherosclerotic process,10 sitting 

may promote the development of lower extremity PAD. Two previous studies have 

demonstrated a possible association between sedentary time and PAD, but the results were 

inconsistent and neither study had any representation of Hispanic/Latinos, a growing and 

aging population within the United States.11, 12

Given that cardiovascular death is one of two major leading causes of death among US 

Hispanics/Latinos,13 we investigated cross-sectional associations between objectively-

measured sedentary time and prevalent PAD in a large, diverse Hispanic/Latino population. 

We hypothesized that higher daily sedentary time was associated with higher odds of PAD, 

independent of traditional PAD risk factors, leg pain, and moderate-vigorous physical 

activity (MVPA).
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Methods

Study Population

The design, implementation and recruitment strategies for the Hispanic Community Health 

Study/Study of Latinos (HCHS/SOL) have been published in detail.14, 15 In brief, between 

March 2008 and June 2011, this population-based cohort recruited 16,415 self-identified 

Hispanic/Latino men and women 18–74 years of age from randomly selected households in 

four United States communities (San Diego, CA; Bronx, NY, Chicago, IL; Miami, FL). 

Households were selected using a stratified two-stage area probability sample design. 

Census block groups were randomly selected in the defined community areas of each field 

center, and households were randomly selected in each sampled block group. Oversampling 

occurred at each stage, with block groups in areas of Hispanic/Latino concentration, 

households associated with a Hispanic/Latino surname, and persons aged 45–74 years 

selected at higher rates than their counterparts. Sampling weights were generated to reflect 

the probabilities of selection at each stage. As a result, the HCHS/SOL included participants 

from Cuban, Dominican, Mexican, Puerto Rican, Central American, and South American 

backgrounds. Institutional review boards at each participating institution approved the study 

and written informed consent was obtained from all participants.

By design, individuals younger than 45 years of age (n=6,701) did not undergo 

measurements used to compute the ABI and were thus excluded from this study. From the 

9,714 participants 45–74 years old, we excluded 67 individuals >45 years of age who did not 

complete the ABI procedure, 1,748 who were non-adherent to the Actical accelerometer, 68 

who had > 23 hours of daily average accelerometer wear time, 39 who had prior surgical 

intervention for PAD revascularization and 183 with an ABI >1.4, to avoid PAD masked by 

stiff arteries. These exclusions resulted in an analytic sample of 7,609 individuals.

Data Collection

Ankle Brachial Index (ABI)—After the participant rested quietly for 5 minutes in the 

supine position, a Doppler probe (Elite 100r) was used to measure systolic blood pressures, 

starting in the right arm and moving counter-clockwise to obtain the right brachial, dorsalis 

pedis (DP), posterior tibial (PT) arteries and left PT, DP and brachial arteries. Trained 

personnel were instructed to identify each artery with the doppler prior to cuff inflation to 20 

mm Hg above the level at which the pulse sound disappeared. If the pulse could still not be 

obliterated, the cuff pressure was increased to a maximum of 300 mm Hg. If staff personnel 

could not locate the artery (i.e. detect a signal) after 3 minutes of systematic searching, they 

were instructed to record that the pressure was not obtainable for that artery. For arteries that 

could not be assessed because of lesions or amputation, the pressure was recorded as 

missing.

Leg-specific ABIs were calculated by taking the higher of the DP/PT artery ankle pressure 

and dividing by the higher of the two brachial artery pressures according to guideline 

recommendations.16 The analysis used the lower of the left and right leg ABI.
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The presence of PAD was defined as having an ABI value ≤ 0.9. Those with an ABI 0.91.4 

were considered the normal “referent group”. In a sensitivity analyses, an ABI value of ≤ 0.8 

was used as a cutoff with an ABI 0.8–1.4 as the “referent group”, to increase specificity.17

Objectively Measured Sedentary Time and Physical Activity—HCHS/SOL used 

the Actical accelerometer (version B-1, model 198-0200-03, Philips-Respironics Co. Inc., 

Bend, OR, USA) to measure physical activity. A more in-depth description on accelerometer 

adherence and performance characteristics in this cohort has been described elsewhere.18 In 

brief, participants were fitted with a belt and departed the clinic wearing the accelerometer 

above the right iliac crest. They were told to perform their usual activities while wearing the 

accelerometer, and to remove it for swimming, sleeping or showering for one week. We 

adhered to data processing with the most common metric of total sedentary time 

accumulation to represent weekly behavior.19 Previous work has shown that a minimum of 3 

days20 provides a sufficient estimate of physical activity for the week and this is a reliable 

measure of activity over 2–3 years.21, 22 The Actical was programmed to measure 

accelerations in “counts” in 1-minute epochs (cpm). Non-wear time was determined using 

the Choi algorithm23, defined as > 90 minutes of zero counts, with allowance of 1 or 2 

minutes of nonzero counts if no counts were detected in a 30-minute window upstream and 

downstream of the 90-minute period. Accelerometer data were summarized as the number of 

minutes per day spent sedentary (< 100 cpm), and moderate (≥ 1,535 cpm) or vigorous (≥ 

3,962 cpm) physical activity according to established cut-points.24 Accelerometer adherence 

was defined as greater than 10 hours of wear time per day for at least three days. As clinic 

visit appointments ended at different times of day, the coordinating center decided to 

standardize the accelerometer data start time for 5:00am the day after the clinic visit. This 

resulted in total possibility of a maximum of 6 accelerometer wear days.

Assessment of Covariates—Sociodemographic variables included age, sex, self-

identified Hispanic/Latino background (Dominican, Central American, Cuban, Mexican, 

Puerto-Rican, South American, mixed/other), education (<high school (HS) diploma, HS 

diploma/General Education Diploma (GED only), > HS diploma/GED), and marital status 

(single, married or living with a partner, separated/divorced/widower). Both alcohol use and 

smoking were self-reported (current, former, and never). Height was measured to nearest 

centimeter and weight measured to nearest 0.1 kilogram. Body mass index (BMI) was 

computed as weight in kilograms divided by height in meters-squared. After a 5-minute rest 

period, 3 seated blood pressure measurements were obtained with an automatic 

sphygmomanometer. Hypertension was defined as an average of 3 blood pressure readings 

≥140/90 mm Hg or a medication review revealing use of an antihypertensive medication.

Blood samples, including plasma glucose (fasting and after a 2-hour oral glucose load) were 

collected in all participants according to standardized protocols. Total serum cholesterol was 

measured using a cholesterol oxidase enzymatic method and high-density lipoprotein (HDL) 

cholesterol with a direct magnesium/dextran sulfate method. Low-density lipoprotein (LDL) 

cholesterol was calculated using the Friedewald equation.25 Dyslipidemia was defined as 

LDL > 160 mg/dL, HDL < 40 mg/dL, total cholesterol >240 mg/dL or use of cholesterol/

lipid lowering medication. Plasma glucose was measured using a hexokinase enzymatic 
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method (Roche Diagnostics). Hemoglobin A1c was measured using a Tosoh G7 Automated 

HPLC Analyzer (Tosoh Bioscience). Diabetes was defined as a fasting glucose ≥126 mg/dL, 

2-hour post-oral glucose tolerance test ≥200 mg/ml, or hemoglobin A1C ≥6.5%. We also 

included in the definition of diabetes any use of prescription drugs for diabetes or self-report 

of diabetes. Impaired glucose tolerance was defined as fasting glucose ≥100 mg/ml, but less 

than 126 mg/ml, 2-hour post-oral glucose tolerance test 140–199 mg/ml or hemoglobin A1C 

5.7–6.5%.26 Creatinine was measured in serum and urine on a Roche Modular P Chemistry 

Analyzer (Roche Diagnostics Corporation) using a creatinase enzymatic method (Roche 

Diagnostics, Indianapolis, IN 46250). Serum creatinine measurements were isotope dilution 

mass spectrometry (IDMS) traceable. Estimated glomerular filtration rate (eGFR) was 

estimated using the equation developed by the Chronic Kidney Disease Epidemiology 

Collaboration working group, which includes serum creatinine, age, sex and race 

components.27

Prevalent coronary heart disease was ascertained with EKG reports of possible prior 

myocardial infarction as well as self-report of angina, heart attack or procedure (angioplasty, 

stent, bypass). History of stroke was assessed by self-report using the question: “Has a 

doctor ever said that you had a stroke?” Diet quality was assessed with the Alternative 

Healthy Eating Index (AHEI)-2010,28 which was calculated based on two-24 hour dietary 

recalls using the National Cancer Institute methodology.29 The AHEI-2010, scored 0–110, is 

a measure of diet quality with higher scores indicating healthier eating habits.28

Leg Symptoms/Physical function—The San Diego Claudication Questionnaire was 

used to assess leg symptoms with activity. As a minority with PAD have classic intermittent 

claudication,30, 31 we used “do you get pain or discomfort in either leg on walking?” to 

maximize sensitivity for assessing leg pain that may influence activity. Additionally, patients 

were asked about activity limiting arthritis with the question, “do you have painful 

inflammation or swelling of your joints that limits your activities?” Physical function was 

assessed with the short form-12 aggregate physical health32 scored according to population 

norms developed by Ware and colleagues.33

Statistical Analysis

All results were estimated with sampling weights, clustering, and stratification to account for 

nonresponse and oversampling of specific population segments using SAS 9.4 (SAS 

Institute Inc., Cary, NC). Weights were trimmed to reduce the variability of the weights as 

well as the impact of extremely large sampling weights, and then calibrated to 2010 US 

Census characteristics by age, sex and Hispanic/Latino background in the target population 

at each field center.14, 18 As previously described, results were additionally adjusted for 

missing or incomplete accelerometer data with inverse probability weighting (IPW).34 IPW 

was used to correct for the bias of estimates obtained by using complete-case analyses (i.e., 

adherent participants). An IPW weight was created from a logistic regression model 

predicting Actical compliance based on age, gender, income level, marital status, education, 

employment status, language preference, immigrant generation, self-reported physical 

activity, BMI, physical health score, field center by background cross-classification, 

sampling stratum, and sampling weight.
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Due to the high correlation between sedentary time and accelerometer wear time (r= 0.82), 

we standardized sedentary time to 16 hours/day of wear time (approximate average wear/

awake time in study) using the residuals from regressing sedentary time on wear time as 

done previously in the HCHS/SOL and other studies.34–37 First, using complex survey 

procedures we regressed measured sedentary time against accelerometer wear time, field 

center, and the wear time by field center interaction. We used this to calculate residuals to 

represent the observed minus predicted sedentary time. Given a mean wear time of 16 hours/

day, we summed individual residual sedentary time values with the field center-specific 

mean predicted sedentary time.

Descriptive characteristics across quartiles of sedentary time were calculated as predicted 

marginals of the mean using complex survey linear regression for continuous variables, and 

as predicted marginals of the prevalence for categorical variables. We used progressively 

adjusted logistic regression models to study PAD (ABI ≤ 0.9) as the dependent variable and 

quartiles of sedentary time as the key independent variable. Quartiles of sedentary time were 

modeled to avoid assumption of a linear association and better portray the nature of the 

relationship. Model 1 included age, sex, field center, education, marital status, Hispanic/

Latino background and health behaviors including diet quality, alcohol use and smoking 

history as we believed these to be important sociodemographic and behavioral confounders 

of the sedentary time and PAD relationship. To control for disease confounders, model 2 

added to model 1: hypertension, diabetes, stroke, coronary heart disease, dyslipidemia, BMI, 

and kidney function. These medical conditions may be potential mediators of the sedentary 

time and PAD relationship leading to potentially attenuated effect estimates of the sedentary 

time and PAD relationship. To account for leg pain and physical function in an attempt to 

address the potential for reverse causality, model 3 added the following covariates to model 

2: symptoms of leg pain/discomfort in either leg on walking, activity limiting arthritis, and 

physical function. Model 4 added accelerometer-measured MVPA to model 3 covariates to 

test whether a direct association between sedentary time and PAD was present after 

accounting for MVPA. Tests for linear trend across quartiles were conducted by treating 

sedentary time as a continuous linear variable in the regression models. To assess for effect 

modification, the fully adjusted model (Model 4) included multiplicative interaction terms 

for sedentary quartile and age, sex and MVPA. We modeled restricted cubic splines (RCS) 

with 3 knots placed at the 10th, 50th and 90th percentile of sedentary time to assess the non-

linear relationship between sedentary time and PAD, using the SAS macro by Desquilbet38 

with modifications to account for the complex survey design.

Sensitivity Analyses

For sensitivity analyses, we used an ABI cutoff of ≤ 0.8 to define PAD. This represents a 

more conservative and “specific” threshold for detecting PAD.17, 39 Then, to limit the 

possibility of reverse causality of PAD increasing sedentary time, we repeated the analyses 

in asymptomatic individuals by excluding individuals with symptomatic leg pain with 

walking or activity limiting arthritis. To determine if the association was present in non-

smoking Hispanic/Latinos, we repeated the analyses excluding individuals who self-report 

current or former smoking. Furthermore, we ran sensitivity analyses adding employment and 

income variables to assess if the sedentary time and PAD association was different with the 

Unkart et al. Page 6

Am Heart J. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



addition of other potential sociodemographic confounders. Finally, to account for potential 

misclassification of sleep time for sedentary time, we repeated analysis in individuals with 

less than 20 hours and separately less than 16 hours of accelerometer wear time.

Funding

The Hispanic Community Health Study/Study of Latinos was carried out as a collaborative 

study supported by contracts from the National Heart, Lung, and Blood Institute (NHLBI). 

The authors are solely responsible for the design and conduct of this study, all study 

analyses, the drafting and editing of the paper and its final contents.

Results

Of the 7,609 participants, 2 (0.03%), 3 (0.04%) , 30 (0.39%) and 7,574 (99.54%) wore the 

accelerometer for 3, 4, 5 and 6 days, respectively. After standardizing wear time to a 16-hour 

waking day, the median sedentary time was 12.2 [IQR, 11.1–13.3] hours/day among adults 

aged 45–74 years old. The prevalence of PAD (ABI ≤ 0.9) was 5.4% (95% CI: 4.6–6.2). 

Population characteristics according to quartile of sedentary time are reported in Table 1. 

Those in higher quartiles of sedentary time were older, female, had higher BMI, and had 

worse kidney function, physical function and diet quality. Additionally, those with higher 

sedentary time were more likely to reside in the Bronx, have Dominican or Puerto Rican 

background and higher prevalence of diabetes, stroke, hypertension, coronary heart disease, 

arthritis and leg pain with movement. Current cigarette and alcohol use were more prevalent 

at lower levels of sedentary time. Consistent with a previous publication,18 those with 

missing or incomplete (non-adherent) accelerometer data were slightly younger, but had a 

slightly higher burden of cigarette smoking, hypertension, diabetes, prevalent coronary heart 

disease, and stroke (data not shown).

Table 2 presents results from sequentially adjusted logistic regression models of sedentary 

quartiles regressed on PAD. In model 1, adjusting for demographics and health behaviors, 

Hispanic/Latinos with the highest sedentary time (quartile 4) had 1.49 (OR=1.49; 95% 

CI=1.02–2.18; p-trend=0.004) times higher odds of PAD than Hispanic/Latinos with the 

lowest sedentary time (quartile 1). The association was attenuated after additional 

adjustment for disease confounders/potential mediators (OR=1.33; 95% CI=0.91–1.93; p-

trend=0.026) and leg symptoms and physical function (OR=1.28, 95% CI=0.87–1.89; p-

trend=0.040), and was further attenuated after adjustment for MVPA (OR=1.09, 95% CI: 

0.71–1.67; p-trend=0.130). Notably, in all regression models, quartile 2 had lower ORs than 

quartiles 1 and 3, indicating a potential non-linear association. To assess this, we modeled 

sedentary time using restricted cubic splines; and results are presented in in Table 3.

Results from restricted cubic spline modeling indicate that sedentary time is related to 

prevalent PAD in a non-linear fashion with (p-overall=0.048, p-non-linear=0.024) and 

without (p-overall=0.012, p-non-linear=0.049) additional adjustment for MVPA (Figure 1). 

For example, in fully adjusted models, the odds of PAD (compared to Hispanic/Latinos who 

are sedentary for 12.2 h/day) were 1.16 (95% CI=1.02–1.31) for adults that were sedentary 

for 13.2 h/day, 1.44 (95% CI=1.06–1.94) for Hispanic/Latinos who were sedentary for 14.2 

h/day, and 1.80 (95% CI=1.11–2.90) for Hispanic/Latinos who were sedentary for 15.2 h/
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day. Notably, the odds ratio of PAD for Hispanic/Latinos that were sedentary for less than 

12.2 h/day were not significantly different from those that were sedentary for 12.2 h/day.

There were no significant statistical interactions observed between sedentary time quartiles 

and age, sex or MVPA (p-interaction > 0.10 | all).

Sensitivity Analyses

Using an ABI ≤ 0.8 threshold, the prevalence of PAD was 1.8% (95% CI=1.3–2.4). When 

using this more specific ABI cutoff value, we observed a strong linear association across 

quartiles of sedentary time (Table 4). More specifically, and after adjustment for 

confounders/mediators, leg symptoms and physical function, Hispanic/Latinos with higher 

sedentary time had higher odds of having PAD than those with lower sedentary time. 

Comparing Hispanic/Latinos with the highest vs lowest quartiles of sedentary time, those 

who were sedentary for ≥13.3 h/day had 6.61-times the odds (OR=6.61; 95% CI=2.84–

15.40; p-trend<0.001) of PAD than Hispanic/Latinos who were sedentary for ≤11.1 h/day. 

Further adjustment for MVPA (model 4) attenuated the ORs, but the overall pattern (quartile 

4 vs. quartile 1 OR=5.08; 95%CI=2.05–12.57; p-trend= 0.002) persisted. Using model 4 

covariates and sedentary time as a continuous variable, each one hour increase in sedentary 

time was associated with a 1.43 (95% CI=1.14–1.79) higher odds of PAD. See Figure 2 for a 

plot of the continuous associations of sedentary time and ABI ≤ 0.8.

Further sensitivity analyses among individuals without leg symptoms, never smokers and 

individuals who wore accelerometer < 20 hours or < 16 hours per day showed similar pattern 

of results (data not shown). The addition of employment and income covariates did not 

change the effect estimates of the sedentary time and PAD relationship (data not shown). 

The shape and effect sizes of the non-linear continuous dose-response in individuals without 

leg pain was similar to that depicted in Figure 1. For example, in fully adjusted models, the 

odds of PAD (compared to Hispanic/Latinos who are sedentary for 12.2 h/day) were 1.17 

(95% CI=0.95–1.43) for adults that were sedentary for 13.2 h/day, 1.43 (95% CI=0.91–2.25) 

for Hispanic/Latinos who were sedentary for 14.2 h/day, and 1.75 (95% CI=0.86–3.59) for 

Hispanic/Latinos who were sedentary for 15.2 h/day in those without leg pain.

Discussion

In this large, population-based sample of Hispanic/Latinos from diverse backgrounds, higher 

objectively-measured sedentary time was associated with higher odds of having PAD, which 

persisted after adjusting for physical function, leg pain and traditional PAD risk factors that 

included potential disease mediators such as hypertension, diabetes, and dyslipidemia. The 

use of restricted cubic splines allowed us to evaluate the entire distribution of sedentary 

time, which demonstrated a continuous dose-response relationship that was non-linear and 

indicated that higher odds of PAD were associated with higher sedentary time for those 

above median sedentary time (≥12.2 h/d), a result that persisted after adjustment for MVPA. 

These results suggest that high amounts of sedentary time may play an important role in the 

development of atherosclerosis in the lower extremities, independent of known PAD risk 

factors40 that include elevated blood pressure and the dysfunction of glucose metabolism, 

which are also related to sedentary behavior.41–43
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Our study expands upon two previous and smaller studies assessing objectively-measured 

sedentary time and PAD. A study in National Health and Nutrition Examination Survey 

(NHANES) found greater sedentary time was associated with higher odds of an ABI <1.0 in 

1,443 asymptomatic black and white Americans.11 While their results showed independent 

associations of sedentary time and MVPA, they did not assess the association in Hispanics/

Latinos or in individuals with any physical impairments that may affect their activities. In 

945 British males, Parsons et al. demonstrated that higher sedentary time was associated 

with a greater odds of an ABI < 0.9. However, adjusting for MVPA attenuated the effect size 

and p-value towards the null.12 The difference in results could be attributed to the small 

sample size that lacked sex and racial/ethnic diversity.

The non-linear dose-response association observed in our primary analysis was consistent 

with results from a recent meta-analysis by Pandey et al. that found a non-linear association 

between sedentary time and incident cardiovascular disease with significant associations 

appearing at >10 hours of self-reported sedentary time.5 In both studies, a higher disease 

burden was observed at the highest levels of sedentary time. However, in the only other 

sedentary time and cardiovascular disease dose-response association tested with 

accelerometer-measured sedentary time that we are aware of, the association was found to 

be linear.44 Furthermore, results from our sensitivity analysis, using an ABI ≤0.8 cutoff, also 

demonstrated a linear pattern. A central theme among all dose-response analyses to date is 

that very high levels of sedentary time are detrimentally associated with cardiovascular 

disease. In our analysis, the use of restricted cubic splines allowed us to evaluate the 

associations of sedentary time and PAD across the entire distribution of sedentary time and 

not be restricted to data in quartiles. The differences seen across studies could be due to the 

different groups under study, the specific outcome, or the method of measurement of 

sedentary time. Further work is needed to fully assess the shape of the dose-response 

trajectory to determine if a “threshold effect” exists for associations between sedentary time 

and cardiovascular disease.

While the amount of available experimental evidence is limited, studies suggest that sitting 

may adversely affect the vasculature by altering blood pressure and glucose metabolism.
43, 45–47 However, adjustment for hypertension and diabetes (model 2) in our analyses only 

minimally attenuated the association, suggesting blood pressure and glucose regulation do 

not fully mediate the association. Thus, sitting may exert other independent detrimental 

effects on the vascular endothelium. Consistent evidence shows that when sitting, leg blood 

flow is reduced9, 48 and this reduction may lead to endothelial dysfunction.9 Restaino and 

colleagues showed this mechanism, in part, is mediated through a reduction in antegrade 

shear stress,49 a phenomenon seen in the superficial femoral artery after one hour of sitting.
50 Furthermore, Morishma et al. showed that reproducing the sitting position while lying 

down with hips/knees bent at 90 degrees markedly reduced popliteal artery blood flow and 

shear rate by 45% compared with the body positioned straight while lying down.51 The 

authors suggested that reduced leg artery blood flow while sitting may, in part, be related to 

“arterial angulations”.51 Antegrade shear stress preserves endothelial function by activating 

nitric oxide production, while low and turbulent shear stress can promote atherosclerosis, 

inflammation and oxidative stress.52 While future “real-world” and longer follow up studies 

are needed, laboratory studies demonstrate that acute exposures to sitting promote 
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endothelial dysfunction, which is a hallmark feature for the initiation of the atherosclerotic 

process.10 However, given the prolonged and increasing nature of our modern sitting habits, 

chronic exposures may have more detrimental effects.

Our results may have important therapeutic implications. There are no consistent 

interventions that prevent incident PAD. For those with symptomatic PAD, the only proven 

non-medication or surgical intervention is supervised exercise training. While supervised 

exercise training has been shown to improve walking distance and quality of life, the 

mortality benefit is inconclusive based on data from clinical trials.53 Given that sedentary 

time is associated with PAD and mortality, future research and trials are needed to explore 

methods for decreasing sedentary time in individuals at higher risk for PAD or in those with 

PAD. For example, a recent pilot, laboratory-based trial in overweight postmenopausal 

women demonstrated improvements in superficial femoral artery flow-mediated dilation, a 

measure of endothelial function, with interruption of sitting with 10 minutes of standing 

every hour.54 A similar trial in patients with PAD or at high-risk for PAD may show 

improvements in endothelial function and the possibility of decreased disease-related 

morbidity and mortality.

Strengths and Limitations

Our study had notable strengths and differences from previous work. In addition to 

objectively-measured sedentary time and MVPA, our ABIs were obtained in a standardized 

method by trained technicians.16, 17 Furthermore, our sample size was threefold greater than 

the other two studies combined, which allowed us to control for important confounders and 

perform a variety of sensitivity analyses in the first study using a diverse Hispanic/Latino 

population.

Our study also has limitations. First, the cross-sectional nature of the analysis limits the 

inference into the cause and effect nature of the association. Reverse causality is a possibility 

as low ABI may lead to higher sedentary behavior, in part due to the leg pain associated with 

clinical PAD. To rule this out, we controlled for leg pain, including claudication, in our 

primary analyses, and in a sensitivity analysis, we demonstrated similar relationships 

between sedentary time and PAD in individuals with and without any leg pain. Second, key 

behavioral and health confounders (e.g., tobacco/alcohol use and prevalent coronary disease) 

were self-reported and are therefore subject to reporting and recall bias. Third, the Actical 

accelerometer does not distinguish between postures (e.g., sitting/standing). Thus, we relied 

on an intensity-only definition of sedentary time and this may result in biased estimates of 

sedentary time. As a result, standing still could be misclassified as sedentary time. The 

extent to which the measurement error is related to PAD and/or its risk factors and how the 

physiological changes differ between standing still and sitting conditions should be the 

subject of future investigations. Sedentary time was measured during a one week period, 

which has been shown to be a reliable measure of two to three year behavior patterns, but 

may not fully capture typical sedentary time in all Hispanic/Latino adults.21 If feasible, 

future investigations should consider longer measurement periods. However, assuming this 

potential misclassification is unrelated to our outcome, we would expect our effect estimates 

to be biased towards the null. We are also aware that accelerometers could have been worn 

Unkart et al. Page 10

Am Heart J. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to bed despite the protocol indicating they be taken off before entering bed and put on in the 

morning. To address this, we standardized our measures of sedentary time to 16 h/d as has 

been done in several previous studies, and results from our sensitivity analyses demonstrated 

results were unchanged in Hispanic/Latinos with accelerometer wear time below 20 h/d and 

16 h/d (results not shown). Lastly, the HCHS/SOL has a significant amount of missing 

accelerometer data (missing or non-adherent). While we used IPW to account for this 

missingness, this adjustment may not fully account for significant differences in the adherent 

versus non-adherent sample. However, the non-adherent group had a higher burden of 

medical comorbidities and we hypothesize the sedentary time and PAD relationship would 

be similar or slightly stronger in this group. To advance the field and help inform sedentary 

behavior-related guidelines, future prospective studies with hard clinical endpoints, such as 

incident PAD or decline in ABI, are needed to corroborate the associations observed in the 

present study and to help clarify the possible causal relationship.

Conclusions

In conclusion, high amounts of objectively-measured sedentary time, particularly in excess 

of 13 hours per day, were associated with higher odds of PAD in a large, diverse cohort of 

Hispanic/Latinos in the United States. This association was independent of traditional PAD 

risk factors, leg pain and MVPA. Our findings, supported by previous laboratory 

investigations, suggest sitting may be a risk factor for the development of lower extremity 

atherosclerosis, independent of blood pressure, glucose dysregulation and other known PAD 

risk factors.

Acknowledgments:

The authors thank the staff and participants of HCHS/SOL for their important contributions. A complete list of staff 
and investigators has been provided by Sorlie P., et al. in Ann Epidemiol. 2010 Aug;20: 642-649 and is also 
available on the study website http://www.cscc.unc.edu/hchs/. The authors would also like to thank Erin Delker, 
MPH for her assistance with data presentation. The Hispanic Community Health Study/Study of Latinos was 
carried out as a collaborative study supported by contracts from the National Heart, Lung, and Blood Institute 
(NHLBI) to the University of North Carolina (N01-HC65233), University of Miami (N01-HC65234), Albert 
Einstein College of Medicine (N01-HC65235), Northwestern University (N01-HC65236), and San Diego State 
University (N01-HC65237). The following Institutes/Centers/Offices contribute to the HCHS/SOL through a 
transfer of funds to the NHLBI: National Center on Minority Health and Health Disparities, the National Institute of 
Deafness and Other Communications Disorders, the National Institute of Dental and Craniofacial Research, the 
National Institute of Diabetes and Digestive and Kidney Diseases, the National Institute of Neurological Disorders 
and Stroke, and the Office of Dietary Supplements. Additionally, we like to thank NHLBI for the University of 
California, San Diego training grant support (2T32HL079891- JTU and JB).

References

1. Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Earnest CP, Rodarte RQ, Martin CK, 
Blair SN and Bouchard C. Trends over 5 decades in U.S. occupation-related physical activity and 
their associations with obesity. PLoS One. 2011;6:e19657. [PubMed: 21647427] 

2. Diaz KM, Howard VJ, Hutto B, Colabianchi N, Vena JE, Safford MM, Blair SN and Hooker SP. 
Patterns of Sedentary Behavior and Mortality in U.S. Middle-Aged and Older Adults: A National 
Cohort Study. Ann Intern Med. 2017;167:465–475. [PubMed: 28892811] 

3. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS and Alter DA. Sedentary time 
and its association with risk for disease incidence, mortality, and hospitalization in adults: a 
systematic review and meta-analysis. Ann Intern Med. 2015;162:123–32. [PubMed: 25599350] 

Unkart et al. Page 11

Am Heart J. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cscc.unc.edu/hchs/


4. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, Khunti K, Yates T and 
Biddle SJ. Sedentary time in adults and the association with diabetes, cardiovascular disease and 
death: systematic review and meta-analysis. Diabetologia. 2012;55:2895–905. [PubMed: 22890825] 

5. Pandey A, Salahuddin U, Garg S, Ayers C, Kulinski J, Anand V, Mayo H, Kumbhani DJ, de Lemos 
J and Berry JD. Continuous Dose-Response Association Between Sedentary Time and Risk for 
Cardiovascular Disease: A Meta-analysis. JAMA Cardiol. 2016;1:575–83. [PubMed: 27434872] 

6. Ankle Brachial Index Collaboration, Fowkes FG, Murray GD, Butcher I, Heald CL, Lee RJ, 
Chambless LE, Folsom AR, Hirsch AT, Dramaix M, deBacker G, Wautrecht JC, Kornitzer M, 
Newman AB, Cushman M, Sutton-Tyrrell K, Fowkes FG, Lee AJ, Price JF, d’Agostino RB, 
Murabito JM, Norman PE, Jamrozik K, Curb JD, Masaki KH, Rodriguez BL, Dekker JM, Bouter 
LM, Heine RJ, Nijpels G, Stehouwer CD, Ferrucci L, McDermott MM, Stoffers HE, Hooi JD, 
Knottnerus JA, Ogren M, Hedblad B, Witteman JC, Breteler MM, Hunink MG, Hofman A, Criqui 
MH, Langer RD, Fronek A, Hiatt WR, Hamman R, Resnick HE, Guralnik J and McDermott MM. 
Ankle brachial index combined with Framingham Risk Score to predict cardiovascular events and 
mortality: a meta-analysis. JAMA. 2008;300:197–208. [PubMed: 18612117] 

7. Diehm C, Allenberg JR, Pittrow D, Mahn M, Tepohl G, Haberl RL, Darius H, Burghaus I, 
Trampisch HJ and German Epidemiological Trial on Ankle Brachial Index Study G. Mortality and 
vascular morbidity in older adults with asymptomatic versus symptomatic peripheral artery disease. 
Circulation. 2009;120:2053–61. [PubMed: 19901192] 

8. Gallino A, Aboyans V, Diehm C, Cosentino F, Stricker H, Falk E, Schouten O, Lekakis J, Amann-
Vesti B, Siclari F, Poredos P, Novo S, Brodmann M, Schulte KL, Vlachopoulos C, De Caterina R, 
Libby P, Baumgartner I and European Society of Cardiology Working Group on Peripheral C. Non-
coronary atherosclerosis. Eur Heart J. 2014;35:1112–9. [PubMed: 24595865] 

9. Padilla J and Fadel PJ. Prolonged sitting leg vasculopathy: contributing factors and clinical 
implications. Am J Physiol Heart Circ Physiol. 2017;313:H722–H728. [PubMed: 28733451] 

10. Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 1999;340:115–26. [PubMed: 
9887164] 

11. Kulinski JP, Sanghavi M, Ayers CR, Das SR, Banerjee S, Berry JD, Addo T, De Lemos JA and 
Kumbhani DJ. Association between low ankle-brachial index and accelerometer-derived sedentary 
and exercise time in the asymptomatic general population. Vasc Med. 2015;20:332–8. [PubMed: 
25883159] 

12. Parsons TJ, Sartini C, Ellins EA, Halcox JP, Smith KE, Ash S, Lennon LT, Wannamethee SG, Lee 
IM, Whincup PH and Jefferis BJ. Objectively measured physical activity and sedentary behaviour 
and ankle brachial index: Cross-sectional and longitudinal associations in older men. 
Atherosclerosis. 2016;247:28–34. [PubMed: 26854973] 

13. Heron M. Deaths: Leading Causes for 2015. Natl Vital Stat Rep. 2017;66:1–76.

14. Lavange LM, Kalsbeek WD, Sorlie PD, Aviles-Santa LM, Kaplan RC, Barnhart J, Liu K, 
Giachello A, Lee DJ, Ryan J, Criqui MH and Elder JP. Sample design and cohort selection in the 
Hispanic Community Health Study/Study of Latinos. Ann Epidemiol. 2010;20:642–9. [PubMed: 
20609344] 

15. Sorlie PD, Aviles-Santa LM, Wassertheil-Smoller S, Kaplan RC, Daviglus ML, Giachello AL, 
Schneiderman N, Raij L, Talavera G, Allison M, Lavange L, Chambless LE and Heiss G. Design 
and implementation of the Hispanic Community Health Study/Study of Latinos. Ann Epidemiol. 
2010;20:629–41. [PubMed: 20609343] 

16. Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, Drachman DE, Fleisher 
LA, Fowkes FG, Hamburg NM, Kinlay S, Lookstein R, Misra S, Mureebe L, Olin JW, Patel RA, 
Regensteiner JG, Schanzer A, Shishehbor MH, Stewart KJ, Treat-Jacobson D and Walsh ME. 2016 
AHA/ACC Guideline on the Management of Patients With Lower Extremity Peripheral Artery 
Disease: A Report of the American College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines. Circulation. 2017;135:e726–e779. [PubMed: 27840333] 

17. Aboyans V, Criqui MH, Abraham P, Allison MA, Creager MA, Diehm C, Fowkes FG, Hiatt WR, 
Jonsson B, Lacroix P, Marin B, McDermott MM, Norgren L, Pande RL, Preux PM, Stoffers HE, 
Treat-Jacobson D, American Heart Association Council on Peripheral Vascular D, Council on E, 
Prevention, Council on Clinical C, Council on Cardiovascular N, Council on Cardiovascular R, 
Intervention, Council on Cardiovascular S and Anesthesia. Measurement and interpretation of the 

Unkart et al. Page 12

Am Heart J. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ankle-brachial index: a scientific statement from the American Heart Association. Circulation. 
2012;126:2890–909. [PubMed: 23159553] 

18. Evenson KR, Sotres-Alvarez D, Deng YU, Marshall SJ, Isasi CR, Esliger DW and Davis S. 
Accelerometer adherence and performance in a cohort study of US Hispanic adults. Med Sci 
Sports Exerc. 2015;47:725–34. [PubMed: 25137369] 

19. Migueles JH, Cadenas-Sanchez C, Ekelund U, Delisle Nystrom C, Mora-Gonzalez J, Lof M, 
Labayen I, Ruiz JR and Ortega FB. Accelerometer Data Collection and Processing Criteria to 
Assess Physical Activity and Other Outcomes: A Systematic Review and Practical Considerations. 
Sports Med. 2017;47:1821–1845. [PubMed: 28303543] 

20. Tudor-Locke C, Burkett L, Reis JP, Ainsworth BE, Macera CA and Wilson DK. How many days of 
pedometer monitoring predict weekly physical activity in adults? Prev Med. 2005;40:293–8. 
[PubMed: 15533542] 

21. Keadle SK, Shiroma EJ, Kamada M, Matthews CE, Harris TB and Lee IM. Reproducibility of 
Accelerometer-Assessed Physical Activity and Sedentary Time. Am J Prev Med. 2017;52:541–
548. [PubMed: 28062274] 

22. Rowlands AV, Gomersall SR, Tudor-Locke C, Bassett DR, Kang M, Fraysse F, Ainsworth B and 
Olds TS. Introducing novel approaches for examining the variability of individuals’ physical 
activity. J Sports Sci. 2015;33:457–66. [PubMed: 25333753] 

23. Choi L, Liu Z, Matthews CE and Buchowski MS. Validation of accelerometer wear and nonwear 
time classification algorithm. Med Sci Sports Exerc. 2011;43:357–64. [PubMed: 20581716] 

24. Colley RC and Tremblay MS. Moderate and vigorous physical activity intensity cut-points for the 
Actical accelerometer. J Sports Sci. 2011;29:783–9. [PubMed: 21424979] 

25. Friedewald WT, Levy RI and Fredrickson DS. Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 
1972;18:499–502. [PubMed: 4337382] 

26. American Diabetes A. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2010;33 
Suppl 1:S62–9. [PubMed: 20042775] 

27. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, Kusek JW, Manzi J, Van 
Lente F, Zhang YL, Coresh J, Levey AS and Investigators C-E. Estimating glomerular filtration 
rate from serum creatinine and cystatin C. N Engl J Med. 2012;367:20–9. [PubMed: 22762315] 

28. Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M, Stampfer MJ and Willett WC. 
Alternative dietary indices both strongly predict risk of chronic disease. J Nutr. 2012;142:1009–18. 
[PubMed: 22513989] 

29. Siega-Riz AM, Sotres-Alvarez D, Ayala GX, Ginsberg M, Himes JH, Liu K, Loria CM, Mossavar-
Rahmani Y, Rock CL, Rodriguez B, Gellman MD and Van Horn L. Food-group and nutrient-
density intakes by Hispanic and Latino backgrounds in the Hispanic Community Health Study/
Study of Latinos. Am J Clin Nutr. 2014;99:1487–98. [PubMed: 24760972] 

30. Wang JC, Criqui MH, Denenberg JO, McDermott MM, Golomb BA and Fronek A. Exertional leg 
pain in patients with and without peripheral arterial disease. Circulation. 2005;112:3501–8. 
[PubMed: 16316971] 

31. McDermott MM, Greenland P, Liu K, Guralnik JM, Criqui MH, Dolan NC, Chan C, Celic L, 
Pearce WH, Schneider JR, Sharma L, Clark E, Gibson D and Martin GJ. Leg symptoms in 
peripheral arterial disease: associated clinical characteristics and functional impairment. JAMA. 
2001;286:1599–606. [PubMed: 11585483] 

32. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, Bullinger M, Kaasa S, 
Leplege A, Prieto L and Sullivan M. Cross-validation of item selection and scoring for the SF-12 
Health Survey in nine countries: results from the IQOLA Project. International Quality of Life 
Assessment. J Clin Epidemiol. 1998;51:1171–8. [PubMed: 9817135] 

33. Ware JEKM, Turner-Bowker DM, Gandek B. How to score version 2 of the SF-12 HEALTH 
Survey. Quality Metric Incorporated. 2002.

34. Qi Q, Strizich G, Merchant G, Sotres-Alvarez D, Buelna C, Castaneda SF, Gallo LC, Cai J, 
Gellman MD, Isasi CR, Moncrieft AE, Sanchez-Johnsen L, Schneiderman N and Kaplan RC. 
Objectively Measured Sedentary Time and Cardiometabolic Biomarkers in US Hispanic/Latino 

Unkart et al. Page 13

Am Heart J. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Adults: The Hispanic Community Health Study/Study of Latinos (HCHS/SOL). Circulation. 
2015;132:1560–9. [PubMed: 26416808] 

35. Diaz KM, Goldsmith J, Greenlee H, Strizich G, Qi Q, Mossavar-Rahmani Y, Vidot DC, Buelna C, 
Brintz CE, Elfassy T, Gallo LC, Daviglus ML, Sotres-Alvarez D and Kaplan RC. Prolonged, 
Uninterrupted Sedentary Behavior and Glycemic Biomarkers Among US Hispanic/Latino Adults: 
The HCHS/SOL (Hispanic Community Health Study/Study of Latinos). Circulation. 
2017;136:1362–1373. [PubMed: 28835368] 

36. Merchant G, Buelna C, Castaneda SF, Arredondo EM, Marshall SJ, Strizich G, Sotres-Alvarez D, 
Chambers EC, McMurray RG, Evenson KR, Stoutenberg M, Hankinson AL and Talavera GA. 
Accelerometer-measured sedentary time among Hispanic adults: Results from the Hispanic 
Community Health Study/Study of Latinos (HCHS/SOL). Prev Med Rep. 2015;2:845–53. 
[PubMed: 26844159] 

37. Healy GN, Matthews CE, Dunstan DW, Winkler EA and Owen N. Sedentary time and cardio-
metabolic biomarkers in US adults: NHANES 2003–06. Eur Heart J. 2011;32:590–7. [PubMed: 
21224291] 

38. Desquilbet L and Mariotti F. Dose-response analyses using restricted cubic spline functions in 
public health research. Stat Med. 2010;29:1037–57. [PubMed: 20087875] 

39. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann TJ and Browner D. 
Mortality over a period of 10 years in patients with peripheral arterial disease. N Engl J Med. 
1992;326:381–6. [PubMed: 1729621] 

40. Criqui MH and Aboyans V. Epidemiology of peripheral artery disease. Circ Res. 2015;116:1509–
26. [PubMed: 25908725] 

41. Chastin SF, Egerton T, Leask C and Stamatakis E. Meta-analysis of the relationship between 
breaks in sedentary behavior and cardiometabolic health. Obesity (Silver Spring). 2015;23:1800–
10. [PubMed: 26308477] 

42. Dempsey PC, Owen N, Biddle SJ and Dunstan DW. Managing sedentary behavior to reduce the 
risk of diabetes and cardiovascular disease. Curr Diab Rep. 2014;14:522. [PubMed: 25052856] 

43. Dempsey PC, Larsen RN, Dunstan DW, Owen N and Kingwell BA. Sitting Less and Moving 
More: Implications for Hypertension. Hypertension. 2018;72:1037–1046. [PubMed: 30354827] 

44. Bellettiere J, LaMonte MJ, Evenson KR, Rillamas-Sun E, Kerr J, Lee I, Di C, Rosenberg DE, 
Stefanick ML, Buchner DM, Hovell MF and LaCroix AZ. Sedentary Behavior and Cardiovascular 
Disease in Older Women. Circulation. 2019;139:1036–1046. [PubMed: 31031411] 

45. Patterson R, McNamara E, Tainio M, de Sa TH, Smith AD, Sharp SJ, Edwards P, Woodcock J, 
Brage S and Wijndaele K. Sedentary behaviour and risk of all-cause, cardiovascular and cancer 
mortality, and incident type 2 diabetes: a systematic review and dose response meta-analysis. Eur J 
Epidemiol. 2018;33:811–829. [PubMed: 29589226] 

46. Joseph JJ, Echouffo-Tcheugui JB, Golden SH, Chen H, Jenny NS, Carnethon MR, Jacobs D Jr., 
Burke GL, Vaidya D, Ouyang P and Bertoni AG. Physical activity, sedentary behaviors and the 
incidence of type 2 diabetes mellitus: the Multi-Ethnic Study of Atherosclerosis (MESA). BMJ 
Open Diabetes Res Care. 2016;4:e000185.

47. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, Shaw JE, Bertovic DA, 
Zimmet PZ, Salmon J and Owen N. Breaking up prolonged sitting reduces postprandial glucose 
and insulin responses. Diabetes Care. 2012;35:976–83. [PubMed: 22374636] 

48. Restaino RM, Holwerda SW, Credeur DP, Fadel PJ and Padilla J. Impact of prolonged sitting on 
lower and upper limb micro- and macrovascular dilator function. Exp Physiol. 2015;100:829–38. 
[PubMed: 25929229] 

49. Restaino RM, Walsh LK, Morishima T, Vranish JR, Martinez-Lemus LA, Fadel PJ and Padilla J. 
Endothelial dysfunction following prolonged sitting is mediated by a reduction in shear stress. Am 
J Physiol Heart Circ Physiol. 2016;310:H648–53. [PubMed: 26747508] 

50. Thosar SS, Bielko SL, Wiggins CC and Wallace JP. Differences in brachial and femoral artery 
responses to prolonged sitting. Cardiovasc Ultrasound. 2014;12:50. [PubMed: 25512175] 

51. Morishima T, Restaino RM, Walsh LK, Kanaley JA and Padilla J. Prior exercise and standing as 
strategies to circumvent sitting-induced leg endothelial dysfunction. Clin Sci (Lond). 
2017;131:1045–1053. [PubMed: 28385735] 

Unkart et al. Page 14

Am Heart J. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



52. Johnson BD, Mather KJ and Wallace JP. Mechanotransduction of shear in the endothelium: basic 
studies and clinical implications. Vasc Med. 2011;16:365–77. [PubMed: 22003002] 

53. Lane R, Ellis B, Watson L and Leng GC. Exercise for intermittent claudication. Cochrane Database 
Syst Rev. 2014:CD000990. [PubMed: 25037027] 

54. Kerr J, Crist K, Vital DG, Dillon L, Aden SA, Trivedi M, Castellanos LR, Godbole S, Li H, Allison 
MA, Khemlina GL, Takemoto ML, Schenk S, Sallis JF, Grace M, Dunstan DW, Natarajan L, 
LaCroix AZ and Sears DD. Acute glucoregulatory and vascular outcomes of three strategies for 
interrupting prolonged sitting time in postmenopausal women: A pilot, laboratory-based, 
randomized, controlled, 4-condition, 4-period crossover trial. PLoS One. 2017;12:e0188544. 
[PubMed: 29190761] 

Unkart et al. Page 15

Am Heart J. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Hispanic/Latino adults have a high prevalence of peripheral artery disease.

• Sedentary time is associated with peripheral artery disease in the legs.

• In asymptomatic individuals, sedentary time is associated with peripheral 

artery disease.

• The association is independent of moderate-vigorous physical activity.
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Figure 1. Continuous Dose-Response Associations of Sedentary Time and Peripheral Artery 
Disease (ABI ≤ 0.9) in the Hispanic Community Health Study/ Study of Latinos (2008–2011)
A, Association of Sedentary Time with PAD (ABI ≤0.9) B, Distribution of Sedentary Time 

(hr/d) for the HCHS/SOL cohort. All associations were estimated using multivariable 

restricted cubic splines logistic regression adjusting for age, sex, field center, Hispanic/

Latino background group, education, marital status, cigarette smoking, alcohol use, diet 

quality, hypertension, diabetes, stroke, coronary heart disease, dyslipidemia, kidney 

function, body mass index, leg pain with movement, arthritis and physical function (black 

solid line). Blue dotted line shows additional adjustment for MVPA. The reference point was 

set at median sedentary time (12.2 hr/d). Respective odds ratios (OR) and 95% CI for 11.2, 

13.2, 14.2 and 15.2 hours per day of sedentary time were: not adjusted for MVPA 0.94 
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(0.86–1.03), 1.20 (1.06–1.34), 1.52 (1.15–2.01), 1.94 (1.24–3.05); adjusted for MVPA 0.99 

(0.89–1.10), 1.16 (1.02–1.31), 1.44 (1.06–1.94), 1.80 (1.11–2.90). Results were trimmed at 

the 1st and 99th percentiles. Abbreviations: ABI, Ankle brachial index; HCHS/SOL, 

Hispanic Community Health Study/Study of Latinos; MVPA, Moderate-to-vigorous 

physical activity; PAD, Peripheral artery disease.
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Figure 2. Continuous Dose-Response Associations of Sedentary Time and Peripheral Artery 
Disease (ABI ≤ 0.8) in the Hispanic Community Health Study/ Study of Latinos (2008–2011)
A, Association of Sedentary Time with PAD (ABI ≤0.8) B, Distribution of Sedentary Time 

(hr/d) for the HCHS/SOL cohort. All associations were estimated using multivariable 

restricted cubic splines logistic regression adjusting for age, sex, field center, Hispanic/

Latino background group, education, marital status, cigarette smoking, alcohol use, diet 

quality, hypertension, diabetes, stroke, coronary heart disease, dyslipidemia, kidney 

function, body mass index, leg pain with movement, arthritis and physical function (black 

solid line). Blue dotted line shows additional adjustment for MVPA. The reference point was 

set at median sedentary time (12.2 hr/d). Respective odds ratios (OR) and 95% CI for 11.2, 

13.2, 14.2 and 15.2 hours per day of sedentary time were: not adjusted for MVPA 0.61 
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(0.40–0.94), 1.47 (1.18–1.84), 2.05 (1.16–3.62), 2.84 (1.09–7.38); adjusted for MVPA 0.65 

(0.43–0.97), 1.41 (1.10–1.81), 1.89 (0.99–3.61), 2.53 (0.86–7.39). Results were trimmed at 

the 1st and 99th percentiles. Abbreviations: ABI, Ankle brachial index; HCHS/SOL, 

Hispanic Community Health Study/Study of Latinos; MVPA, Moderate-to-vigorous 

physical activity; PAD, Peripheral artery disease.
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Table 1.

Characteristics of the HCHS/SOL (n= 7,609) by Quartiles of Sedentary Time (2008–2011)

Variable

QUARTILES OF SEDENTARY TIME*†
p-value

1 (LOW) 2 3 4 (HIGH)

Age [years], mean (95% CI) 53.2 (52.8–53.7) 55.0 (54.4–55.6) 57.3 (56.7–57.9) 59.4 (58.8–60.1) <0.001

Gender, % (95% CI) <0.001

Female 46.2 (42.7–49.8) 56.7 (53.4–60.0) 60.8 (57.6–63.9) 57.0 (53.9–60.1)

Male 53.8 (50.2–57.3) 43.3 (40.0–46.6) 39.2 (36.1–42.4) 43.0 (39.9–46.1)

Hispanic Background, % (95% CI) <0.001

Dominican 6.3 (4.6–8.0) 6.1 (4.7–7.5) 9.3 (6.6–12.0) 16.2 (13.2–19.2)

Central American 7.5 (5.9–9.1) 5.1 (3.9–6.2) 7.6 (6.1–9.1) 6.5 (5.1–7.9)

Cuban 23.1 (18.3–27.9) 28.7 (23.5–33.9) 30.4 (25.8–35.1) 27.6 (22.4–32.7)

Mexican 41.6 (37.0–46.3) 36.7 (32.1–41.3) 27.6 (23.4–31.8) 17.3 (13.9–20.8)

Puerto Rican 15.3 (11.5–19.1) 15.5 (12.6–18.4) 17.0 (14.5–19.6) 24.7 (21.3–28.2)

South American 3.9 (2.9–4.9) 6.1 (4.6–7.6) 6.4 (4.9–7.9) 5.4 (3.9–6.8)

Mixed/Other 2.2 (1.3–3.2) 1.9 (0.9–2.8) 1.6 (1.0–2.2) 2.3 (1.4–3.2)

Center, % (95% CI) <0.001

Bronx 18.4 (14.4–22.4) 19.4 (16.1–22.6) 24.7 (20.9–28.5) 43.7 (38.3–49.1)

Chicago 18.2 (15.1–21.2) 11.3 (9.4–13.2) 10.6 (8.6–12.5) 9.9 (8.1–11.6)

Miami 31.8 (26.7–36.9) 38.5 (32.9–44.2) 41.4 (35.9–46.8) 35.7 (29.8–41.6)

San Diego 31.6 (26.8–36.4) 30.8 (26.3–35.2) 23.4 (18.9–27.8) 10.7 (8.2–13.2)

Education, % (95% CI) 0.006

Less than High School 38.9 (35.1–42.7) 36.2 (32.6–39.9) 38.4 (35.2–41.7) 45.0 (41.3–48.7)

High School/Equivalent 22.8 (20.2–25.4) 20.5 (17.8–23.2) 22.5 (19.5–25.5) 19.0 (16.4–21.6)

Greater than High School/Equivalent 38.3 (34.6–42.1) 43.3 (40.0–46.6) 39.1 (35.7–42.5) 36.0 (32.4–39.6)

Marital Status, % (95% CI) <0.001

Single 17.8 (14.2–21.4) 18.3 (15.8–20.8) 15.8 (13.5–18.1) 18.1 (15.3–20.9)

Married or living with a partner 59.0 (55.0–63.1) 54.3 (50.7–58.0) 53.7 (50.3–57.1) 45.0 (41.0–48.9)

Separated, divorced, or widow(er) 23.1 (20.1–26.2) 27.4 (24.4–30.3) 30.5 (27.3–33.7) 36.9 (33.0–40.9)

Cigarette Use, % (95% CI) 0.285

Never 52.6 (48.8–56.4) 52.2 (48.7–55.6) 54.4 (50.8–57.9) 55.2 (51.7–58.8)

Former 24.1 (20.9–27.4) 26.3 (23.2–29.5) 26.4 (23.3–29.5) 26.3 (23.4–29.2)

Current 23.3 (19.8–26.7) 21.5 (18.8–24.2) 19.3 (16.2–22.3) 18.5 (15.8–21.1)

Alcohol Use, % (95% CI) <0.001

Never 18.9 (15.4–22.3) 22.5 (19.5–25.5) 25.7 (22.8–28.6) 25.1 (22.0–28.3)

Former 30.0 (26.4–33.7) 30.3 (27.4–33.3) 35.2 (31.8–38.5) 35.3 (31.838.8)

Current 51.1 (47.3–55.0) 47.2 (43.7–50.6) 39.1 (36.1–42.2) 39.6 (35.8–43.4)

AHEI-2010, mean (95% CI) 50.6 (50.0–51.2) 50.3 (49.7–51.0) 50.3 (49.6–50.9) 49.5 (49.0–50.0) <0.001

Diabetes, % (95% CI) <0.001

Normal 30.5 (27.0–34.0) 30.6 (27.6–33.5) 24.1 (21.5–26.6) 18.6 (15.9–21.3)

Impaired glucose tolerance 47.2 (43.8–50.5) 49.3 (45.9–52.6) 47.1 (43.7–50.6) 42.9 (39.4–46.5)

Diabetes 22.4 (19.4–25.4) 20.2 (17.7–22.7) 28.8 (25.6–31.9) 38.5 (35.1–41.9)
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Variable

QUARTILES OF SEDENTARY TIME*†
p-value

1 (LOW) 2 3 4 (HIGH)

Stroke, % (95% CI) 1.3 (0.6–2.1) 1.9 (0.9–3.0) 2.0 (1.1–2.9) 4.2 (2.8–5.6) 0.001

Hypertension, % (95% CI) 33.9 (30.6–37.2) 37.4 (34.4–40.5) 44.7 (41.4–47.9) 52.3 (48.9–55.8) <0.001

Coronary Heart Disease, % (95% CI) 5.6 (4.3–7.0) 8.3 (6.6–10.1) 8.3 (6.8–9.9) 15.9 (13.3–18.5) <0.001

Dyslipidemia, % (95% CI) 43.5 (39.8–47.3) 42.7 (39.4–46.1) 46.7 (43.3–50.1) 43.5 (40.0–46.9) 0.392

Arthritis, % (95% CI) 15.7 (13.2–18.3) 22.4 (19.6–25.2) 25.1 (22.1–28.1) 29.8 (26.5–33.1) <0.001

Leg Pain with Movement, % (95% CI) 37.9 (33.9–41.9) 40.8 (37.6–44.0) 44.7 (40.8–48.5) 52.6 (48.6–56.5) <0.001

BMI [kg/m2], mean (95% CI) 28.9 (28.6–29.2) 29.5 (29.2–29.9) 29.9 (29.5–30.2) 30.8 (30.4–31.2) <0.001

eGFR [ml/min/1.73m2], mean (95% CI) 93.1 (91.7–94.5) 90.3 (89.2–91.5) 86.8 (85.6–88.1) 82.3 (81.3–83.4) <0.001

SF-12 physical function, mean (95% CI) 49.2 (48.5–49.9) 48.5 (47.8–49.2) 46.5 (45.7–47.4) 43.4 (42.5–44.3) <0.001

MVPA [min/day], mean (95% CI) 37.2 (34.2–40.3) 19.5 (18.2–20.9) 13.6 (12.4–14.7) 8.4 (7.6–9.2) <0.001

Data are presented as predicted marginal means (95% CI) or percent (95% CI). All analyses account for the complex sample design of the HCHS/
SOL.

*
Quartile median (range) [hr/d]: Q1: 10.1 (0.9–11.1), Q2: 11.8 (11.1–12.3), Q3: 12.8 (12.3–13.3), Q4 13.9 (13.3–16.7).

†
Sedentary time was adjusted for wear time using the residuals method.

Abbreviations: ABI, ankle brachial index; AHEI-2010, Alternative Healthy Eating Index 2010; BMI, body mass index; CI, confidence interval; 
eGFR, estimated glomerular filtration rate; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; MVPA, moderate-to-vigorous 
intensity physical activity; SF-12, short form 12.
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Table 2.

Associations of Sedentary Time Quartiles and Peripheral Artery Disease (ABI ≤ 0.9) in the HCHS/SOL 

(2008–2011)

Sedentary Time*† Model 1 (n=7,486) Model 2 (n=7,421) Model 3 (n=7,247) Model 4 (n=7,247)

 Quartile 1 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

 Quartile 2 0.72 (0.46–1.12) 0.73 (0.47–1.16) 0.69 (0.44–1.10) 0.64 (0.40–1.02)

 Quartile 3 1.19 (0.77–1.82) 1.16 (0.75–1.79) 1.12 (0.73–1.73) 0.99 (0.64–1.53)

 Quartile 4 1.49 (1.02–2.18) 1.33 (0.91–1.93) 1.28 (0.87–1.89) 1.09 (0.71–1.67)

p-overall 0.003 0.037 0.030 0.073

p-value for trend
‡ 0.004 0.026 0.040 0.130

# with ABI ≤ 0.9 348 344 335 335

Data are odds ratio (95% confidence interval) from logistic regression using ABI (0.9–1.4) as reference group.

*
Quartile median (range) [hr/d]: Q1: 10.1 (0.9–11.1), Q2: 11.8 (11.1–12.3), Q3: 12.8 (12.3–13.3), Q4 13.9 (13.3–16.7).

†
Sedentary time was adjusted for wear time using the residuals method.

‡
Sedentary time treated as continuous linear variable (hr/d) in logistic regression model.

Model 1 adjusts for age, sex, center, Hispanic/Latino background, education, marital status, smoking, alcohol use, AHEI-2010.

Model 2 adjusts for Model 1 + hypertension, diabetes, stroke, CHD, dyslipidemia, eGFR and BMI.

Model 3 adjusts for Model 2 + leg pain with movement, arthritis and physical function.

Model 4 adjusts for Model 3 + MVPA.

Abbreviations: ABI, ankle brachial index; AHEI-2010, Alternative Healthy Eating Index 2010; BMI, body mass index; CI, confidence interval; 
CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; 
MVPA, moderate-to-vigorous intensity physical activity.
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Table 3.

Select Odds Ratios from Non-Linear Associations Between Daily Sedentary Time and Peripheral Artery 

Disease (ABI ≤ 0.9) in the HCHS/SOL (2008–2011)

Sedentary Time [hr/d]*
† Model 1 (n=7,492) Model 2 (n=7,427) Model 3 (n=7,253) Model 4 (n=7,253)

 9.2 (−3) 0.95 (0.64–1.40) 0.99 (0.65–1.49) 1.01 (0.68–1.51) 1.22 (0.80–1.86)

 10.2 (−2) 0.91 (0.73–1.15) 0.95 (0.74–1.20) 0.96 (0.76–1.22) 1.08 (0.84–1.39)

 11.2 (−1) 0.91 (0.83–1.00) 0.93 (0.85–1.03) 0.94 (0.86–1.03) 0.99 (0.89–1.10)

 12.2 (median) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

 13.2 (+1) 1.26 (1.12–1.42) 1.20 (1.07–1.35) 1.20 (1.06–1.34) 1.16 (1.02–1.31)

 14.2 (+2) 1.72 (1.30–2.27) 1.54 (1.17–2.04) 1.52 (1.15–2.01) 1.44 (1.06–1.94)

 15.2 (+3) 2.36 (1.51–3.69) 1.99 (1.27–3.12) 1.94 (1.24–3.05) 1.80 (1.11–2.90)

p-overall <0.001 0.007 0.012 0.048

p-non-linear 0.017 0.053 0.049 0.024

Data are odds ratio (95% confidence interval) from logistic regression using ABI (0.9–1.4) as reference group. Median daily sedentary time (12.2 
hr/d) was set as reference point.

*
Sedentary time was adjusted for wear time using the residuals method.

†
Sedentary time treated as continuous non-linear variable (hr/d) in a restricted cubic spline logistic regression model with 3 knots (10th, 50th, and 

90th percentile).

Model 1 adjusts for age, sex, center, Hispanic/Latino background, education, marital status, smoking, alcohol use, AHEI-2010.

Model 2 adjusts for Model 1 + hypertension, diabetes, stroke, CHD, dyslipidemia, eGFR and BMI.

Model 3 adjusts for Model 2 + leg pain with movement, arthritis and physical function.

Model 4 adjusts for Model 3 + MVPA.

Abbreviations: ABI, ankle brachial index; AHEI-2010, Alternative Healthy Eating Index 2010; BMI, body mass index; CI, confidence interval; 
CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; 
MVPA, moderate-to-vigorous intensity physical activity.
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Table 4.

Sensitivity Analysis of Associations of Sedentary Time Quartiles and Peripheral Artery Disease (ABI ≤ 0.8) in 

the HCHS/SOL (2008–2011)

Sedentary Time*† Model 1 (n=7,486) Model 2 (n=7,421) Model 3 (n=7,247) Model 4 (n=7,247)

 Quartile 1 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

 Quartile 2 3.96 (1.51–10.35) 4.40 (1.61–12.04) 3.58 (1.32–9.69) 3.13 (1.17–8.37)

 Quartile 3 6.40 (2.58–15.87) 6.52 (2.46–17.29) 6.77 (2.67–17.15) 5.44 (2.31–12.81)

 Quartile 4 7.41 (3.25–16.87) 6.28 (2.73–14.45) 6.61 (2.84–15.40) 5.08 (2.05–12.57)

p-value for trend
‡ <0.001 <0.001 <0.001 0.002

# with ABI ≤ 0.8 89 88 87 87

Data are odds ratio (95% confidence interval) from logistic regression using ABI (0.8–1.4) as reference group.

*
Quartile median (range) [hr/d]: Q1: 10.1 (0.9–11.1), Q2: 11.8 (11.1–12.3), Q3: 12.8 (12.3–13.3), Q4 13.9 (13.3–16.7).

†
Sedentary time was adjusted for wear time using the residuals method.

‡
Sedentary time treated as continuous linear variable (hr/d) in logistic regression model.

Model 1 adjusts for age, sex, center, Hispanic/Latino background, education, marital status, smoking, alcohol use, AHEI-2010.

Model 2 adjusts for Model 1 + hypertension, diabetes, stroke, CHD, dyslipidemia, eGFR and BMI.

Model 3 adjusts for Model 2 + leg pain with movement, arthritis and physical function.

Model 4 adjusts for Model 3 + MVPA.

Abbreviations: ABI, ankle brachial index; AHEI-2010, Alternative Healthy Eating Index 2010; BMI, body mass index; CI, confidence interval; 
CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; 
MVPA, moderate-to-vigorous intensity physical activity.
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