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	❚ Highlights
	■ Calf circumference is a well-established indicator of  
all-cause mortality.

	■ In women with peripheral artery disease, calf circumference 
was inversely associated with arterial stiffness.

	■ Among men with peripheral artery disease,  
calf circumference was not associated with  
cardiovascular indicators.

	■ Calf circumference may be a useful screening tool for 
cardiovascular risk in women.
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	❚ ABSTRACT
Objective: To analyze the association between calf circumference and cardiovascular indicators in 
men and women with symptomatic peripheral artery disease. Methods: This cross-sectional study 
included 259 patients with peripheral artery disease (65% men; mean age, 67 [±12] years; ankle 
brachial index, 0.58 [0.26]). We measured calf circumference, brachial and central blood pressure, 
arterial stiffness indicators (carotid-femoral pulse wave velocity and augmentation index), and 
heart rate variability parameters. Multiple linear regression was used to evaluate the association 
between calf circumference and cardiovascular indicators after adjusting for age, ankle-brachial 
index, and walking capacity. Results: In women, calf circumference was inversely associated 
with central blood pressure (systolic: β=-1.91 [0.70] mmHg, p=0.008; diastolic: β=-0.97 [0.29] 
mmHg, p=0.001), augmentation index (β=-1.06 [0.28]%, p<0.001), and augmentation index 
corrected by 75 bpm (β=-0.90 [0.23]%, p<0.001), independent of age, ankle brachial index, 
and walking capacity. After further adjustments for anti-hypertensive medication use and body 
mass index, carotid-femoral pulse wave velocity was the only parameter associated with calf 
circumference (β=-0.41 [0.15] m/s, p=0.010). In men, no significant association was observed 
between calf circumference and cardiovascular indicators (p>0.05). Conclusion: In women with 
peripheral artery disease, calf circumference was inversely associated with arterial stiffness. This 
finding suggests that a lower calf circumference may serve as an indicator of increased arterial 
stiffness in women with peripheral artery disease. 

Keywords: Peripheral arterial disease; Cardiovascular diseases; Anthropometry; Calf circumference; 
Vascular stiffness; Blood pressure; Carotid-femoral pulse wave velocity; Ankle brachial index; Leg

	❚ INTRODUCTION
Peripheral artery disease (PAD) is more common in older adults(1) and affects 
the structure and function of arteries in the lower extremities, thereby reducing 
the oxygen supply to peripheral tissues.(2) The primary symptom reported by 
patients with PAD is intermittent claudication.(2) Patients with symptomatic 
PAD typically experience reduced muscle mass(3,4) and strength,(5) as well as 
mitochondrial dysfunction(4,6) in the lower limbs. Additionally, patients with 
PAD exhibit cardiovascular issues, such as high blood pressure,(7) arterial 
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stiffness,(8) and autonomic dysfunction.(9) These factors 
contribute, in part, to an increased risk of cardiovascular 
morbidity and mortality.(10,11)

Calf circumference is considered a significant 
nutritional indicator in older adults(12) and has 
implications for cardiovascular mortality. Data from 
the National Health and Nutrition Examination 
Survey have revealed an association between lower calf 
circumference and an increased risk of cardiovascular 
and all-cause mortality.(13) However, whether calf 
circumference is an indicator of cardiovascular health 
in patients with symptomatic PAD remains unknown.

	❚ OBJECTIVE
This study aimed to analyze the association between 
calf circumference and cardiovascular indicators in men 
and women with symptomatic peripheral artery disease.

	❚METHODS 
Study design and ethical considerations
This cross-sectional study followed the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) checklist. This study was approved 
by the Research Ethics Committees of Hospital 
Israelita Albert Einstein, CAAE: 42379015.3.0000.0071; 
#4,435,316 and Hospital das Clínicas, Faculdade 
de Medicina, Universidade de São Paulo, CAAE: 
42379015.3.3002.0068, # 4.614.795. Each patient was 
informed about the risks and benefits of the study and 
provided written informed consent for participation. 
The procedures used in this study have been previously 
described.(7,14)

Recruitment and patients
Patients were recruited after routine appointments at 
the Vascular Units at the Hospital Municipal Gilson de 
Cássia Marques de Carvalho of the Hospital Israelita 
Albert Einstein and the Hospital das Clínicas of the 
Universidade de São Paulo, Brazil, between September 
2015 and November 2019. The inclusion criteria were: 
a) age ≥50 years; b) ankle brachial index ≤0.90 in one 
or both legs; c) absence of non-compressible vessels, 
amputated limbs, or ulcers; and d) absence of unstable 
cardiac diseaseThe total sample size comprised 259 
patients.

Outcomes
Blood pressure
Brachial blood pressure (BP) was assessed in the 
supine position using an automatic monitor (HEM 742; 

Omron Healthcare, Japan), as previously described.(7) 
Three consecutive measurements were performed, with 
a 1-min interval between measurements, in both arms, 
and with the appropriate cuff size. The value used was 
the highest of the two arms.(15)

Central BP was obtained through the pulse wave 
analysis recorded in the radial artery using applanation 
tonometry (SphygmoCor AtcorMedical, Sydney, Australia). 
A validated transfer function algorithm, provided by the 
Sphygmocor® software, was used to estimate the central 
values of systolic and diastolic BP.(16)

Arterial stiffness
The augmentation index (proportion of pulse pressure 
attributed to the reflected pulse wave) was obtained 
using applanation tonometry (SphygmoCor; AtCor 
Medical, Australia) in the radial artery, as previously 
described. Carotid-femoral pulse wave velocity was 
measured using applanation tonometry (Sphygmocor; 
AtCor Medical, Australia) following the guidelines 
of the Clinical Application of Arterial Stiffness Task 
Force III.(17) For carotid-femoral pulse wave velocity 
measurement, the distances from the carotid artery to 
the suprasternal notch and from the femoral artery to 
the suprasternal notch were measured using standard 
tape. A simultaneous electrocardiogram was recorded 
to obtain time measurements through heart rate. Using 
the “foot-to-foot” method, the time difference between 
the points was measured. Subsequently, the distance 
between the two arteries was divided according to the 
time difference.

Cardiac autonomic modulation
Cardiac autonomic modulation was assessed through 
heart rate variability, from records of the beat-to-beat 
intervals obtained using an HR monitor (RS800CX, 
Polar Electro, Finland) during 10 min. All analyses 
were performed using Kubios HRV software (version 
3.5.0, Biosignal Analysis and Medical Imaging Group, 
Kuopio, Finland) following the recommendations of the 
Task Force for HRV.(18) The time-domain parameters 
measured were standard deviation of all RR intervals 
(SDNN), root mean square of the squared differences 
between adjacent normal RR intervals (RMSSD), and 
the percentage of adjacent intervals over 50 ms (pNN50). 
SDDN was used as a marker of total variability (cardiac 
sympathetic and parasympathetic modulations), and 
RMSSD and pNN50 as markers of predominant 
cardiac parasympathetic modulations. In addition, 
the frequency-domain variables were calculated using 
Fast Fourier Transform. The spectral components 
were assigned based on their central frequency, as 
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low (0.04–0.15 Hz) and high frequency (0.15–0.4 Hz). 
Low- and high-frequency components were accepted 
as markers of predominant cardiac sympathetic and 
parasympathetic modulation, respectively, whereas the 
low-frequency/high-frequency ratio was considered as 
the cardiac sympathovagal balance.

Calf circumference predictors
Calf circumference was measured at the greatest 
circumference of the nondominant calf using an 
inelastic measuring tape with an accuracy of 0.01cm.

Confounders
Demographic data (sex and age), ankle-brachial index, 
and walking capacity were assessed. The ankle-brachial 
index was evaluated according to a previously described 
protocol.(19) Walking capacity was assessed using the 
6-min walk test, which was performed along a 30-m-long 
corridor, as previously described.(20) Briefly, the patients 
were encouraged to walk at their usual pace for 6 min and 
cover as much distance as possible, resting if necessary. 
The total walking distance was defined as the maximum 
distance reached by the patient at the end of the test. 
Claudication onset distance was defined as the distance 
walked until the patient first reported leg pain.

Statistical analysis
Statistical analyses were performed using SPSS version 
20 software (IBM Corp., Armonk, NY, USA). Data 
normality was analyzed using the Kolmogorov–Smirnov 
test. Continuous data are presented as median and 
interquartile range, and categorical data are presented 
as frequency. Comparisons between men and women 
were performed using the Mann–Whitney U test 
(continuous variables) and Pearson’s chi-square test 
(categorical variables).

The association between calf circumference and 
cardiovascular indicators was analyzed using multiple 
linear regression. All analyses were stratified by sex 
and adjusted for age, ankle-brachial index, and 6-min 
walk test (Model 1) and for Model 1 plus hypertension 
medication and body mass index (Model 2). Residual 
analysis was performed using graphical analysis 
(histograms). Statistical significance was set at p<0.050.

	❚ RESULTS
The clinical characteristics of the patients are presented 
in table 1. Men had a higher calf circumference, 
claudication onset distance, and 6-min walk distance, 

Table 1. Characteristics of patients with peripheral artery disease 

Variables n All (n=259) Men (n=169) Women  (n=90) p value

Age, years old 259 67 (12) 67 (12) 67 (11) 0.989

Body mass index, kg/m² 257 27.3 (6.0) 27.3 (5.7) 27.3 (6.8) 0.488

Ankle brachial index 259 0.58 (0.26) 0.57 (0.25) 0.58 (0.23) 0.427

Calf circumference, cm 259 35.0 (5.0) 35.0 (4.6) 34.0 (4.1) 0.001

Claudication onset distance, m 198 117 (99) 120 (94) 96 (11) 0.001

6-min walk distance, m 198 327 (117) 335 (117) 300 (116) 0.002

Relative 6-min walk distance, % 223 60.8 (20.8) 61.0 (19.9) 58.9 (21.9) 0.742

Weight-walking distance product, km.kg 223 22.7 (10.4) 25.1 (10.0) 20.5 (9.5) <0.001

Risk factors, %

Diabetes 252 52 50 56 0.381

Dyslipidemia 248 80 76 89 0.015

Coronary artery disease 244 33 33 34 0.899

Hypertension 251 84 83 87 0.354

Medication, %

ACEi 204 27 28 24 0.494

Antiplatelet 204 86 86 85 0.748

ARA 204 30 24 42 0.010

Beta-blockers 204 41 38 47 0.195

Diuretics 204 42 42 42 0.917

Hypoglycemics 229 44 43 46 0.564

Statins 204 89 88 90 0.605

Vasodilators 204 28 31 24 0.260
Data are presented as median (interquartile range) or relative frequency. 
ACEi: angiotensin-converting enzyme inhibitor; ARA: angiotensin receptor antagonist.
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and a lower prevalence of dyslipidemia and use of 
angiotensin receptor agonists than women. Other clinical 
characteristics were similar between the sexes. 

The cardiovascular indicators are shown in table 2. 
Men had lower brachial systolic BP than women. Other 
cardiovascular indicators were similar between the sexes. 

Table 3 presents the results of the association 
analysis between calf circumference and cardiovascular 
indicators in women. Calf circumference was inversely 

associated (p<0.050) with central systolic and diastolic 
BP (β=-1.91 [0.70] mmHg, p=0.008 and β=-0.97 
[0.29] mmHg, p=0.001, respectively, augmentation 
index (β=-1.06 [0.28]%, p<0.001), and augmentation 
index corrected by 75bpm (β=-0.90 [0.23]%, p<0.001), 
independent of age, ankle brachial index, and walking 
capacity. After further adjustments for anti-hypertensive 
medication use and body mass index, carotid-femoral 
pulse wave velocity was the only parameter associated 
with calf circumference (β=-0.41 [0.15] m/s, p=0.010). 
In addition, heart rate variability was not significantly 
associated with calf circumference (p>0.050). 

Table 4 shows the results of the association analysis 
between calf circumference and cardiovascular indicators 
in men. No significant association was observed between 
calf circumference and cardiovascular indicators in men 
(p>0.05). 

	❚ DISCUSSION
The main findings of this study were as follows: (i) 
in women with PAD, calf circumference, a marker 
of skeletal muscle mass, was significantly associated 
with central BP and arterial stiffness indicators, 
augmentation index, and augmentation index corrected 
to 75 bpm, after adjusting for age, ankle brachial index, 
and 6-min walk distance; (ii) after further adjusting 
for medication use and body mass index, only carotid-
femoral pulse wave velocity was significantly associated 
with calf circumference in women; and (iii) in men, 
calf circumference was not associated with any of the 
evaluated cardiovascular parameters.

Table 2. Cardiovascular indicators of patients with peripheral artery disease 

Variables n All Men Women p value

Blood pressure, mmHg

 Brachial systolic BP 259 137 (31) 134 (28) 142 (28) 0.005

 Brachial diastolic BP 259 72 (14) 73 (14) 72 (16) 0.600

 Central systolic BP 227 130 (34) 128 (30) 133 (34) 0.241

 Central diastolic BP 227 76 (13) 75 (14) 77 (15) 0.208

Arterial stiffness

 Pulse pressure, mmHg 227 55 (28) 55 (28) 56 (27) 0.494

 Augmentation index, % 226 32 (14) 31 (14) 34 (16) 0.193

 Augmentation index 75 bpm, % 226 28 (11) 28 (12) 28 (11) 0.692

 Pulse wave velocity, m/s 176 9.2 (4.0) 9.1 (4.0) 9.2 (4.3) 0.609

Cardiac autonomic modulation 

 SDNN, ms 204 32 (41) 31 (43) 33 (33) 0.794

 RMSSD, ms 204 27 (41) 27 (43) 27 (32) 0.725

 pNN50, % 204 3 (17) 2.9 (17) 4.6 (21) 0.345

 Low frequency, nu 204 51 (34) 51 (34) 53 (33) 0.555

 High frequency, nu 204 48 (34) 49 (33) 46 (34) 0.544

 Low frequency/high frequency 204 1.0 (1) 1.0 (1.6) 1.1 (2.1) 0.380
Data are presented as median (interquartile range). 
BP: blood pressure; SDNN: standard deviation of all RR intervals; RMSSD: root mean square of the squared differences 
between adjacent normal RR intervals; pNN50: percentage of adjacent intervals >50ms.

Table 3. Multiple linear regression analyses of the associations between calf circumference and cardiovascular indicators in women with peripheral artery disease 

Outcomes
Model 1 Model 2

β (SE) b p value F (p value)* β (SE) b p value F (p value)*
Blood pressure, mmHg

Brachial systolic BP -1.12 (0.56) -0.239 0.048 2.083 (0.092) -0.46 (0.80) -0.110 0.567 0.842 (0.543)
Brachial diastolic BP -0.43 (0.27) -0.188 0.122 1.570 (0.191) -0.51 (0.36) -0.265 0.155 1.642 (0.153)
Central systolic BP -1.91 (0.70) -0.326 0.008 3.305 (0.016) -0.65 (1.24) -0.106 0.602 1.953 (0.091)
Central diastolic BP -0.97 (0.29) -0.392 0.001 3.943 (0.006) -1.16 (0.52) -0.452 0.030 1.856 (0.108)

Arterial stiffness
 Augmentation index, % -1.06 (0.28) -0.430 <0.001 4.549 (0.003) -0.60 (0.47) -0.241 0.203 3.535 (0.006)
 Augmentation index 75 bpm, % -0.90 (0.23) -0.458 <0.001 4.048 (0.005) -0.87 (0.39) -0.447 0.030 2.113 (0.068)
 Pulse wave velocity, m/s -0.14 (0.11) -0.195 0.209 1.459 (0.229) -0.41 (0.15) -0.576 0.010 3.256 (0.011)

Cardiac autonomic modulation 
 SDNN, ms -0.23 (2.03) -0.015 0.911 0.831 (0.512) -1.19 (1.83) -0.119 0.519 0.890 (0.511)
 RMSSD, ms -0.88 (2.38) -0.049 0.714 1.301 (0.281) -2.23 (2.54) -0.156 0.385 1.292 (0.281)
 pNN50, % 0.68 (0.70) 0.130 0.337 0.940 (0.448) 0.98 (0.96) 0.190 0.313 0.570 (0.752)
 Low frequency, nu -1.03 (0.76) -0.177 0.184 1.587 (0.191) -1.16 (1.09) -0.193 0.291 1.030 (0.419)
 High frequency, nu 1.04 (0.76) 0.180 0.176 1.585 (0.191) 1.18 (1.09) 0.197 0.281 1.030 (0.419)
 Low frequency/high frequency ratio -0.07 (0.05) -0.179 0.174 1.927 (0.119) -0.08 (0.08) -0.196 0.282 1.080 (0.389)

* Model 1 was adjusted for age, 6-min walk distance, and ankle-brachial index. Model 2 was adjusted for Model 1 plus hypertension medication and body mass index.
BP: blood pressure; SDNN: standard deviation of all RR intervals; RMSSD: root mean square of the squared differences between adjacent normal RR intervals; pNN50: percentage of adjacent intervals >50ms.
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To our knowledge, this is the first study to investigate 
the relationship between cardiovascular parameters 
and calf circumference in patients with PAD, which 
limits comparison with existing literature. Patients 
with PAD are known to present with impairments in 
cardiac autonomic control, increased arterial stiffness, 
and altered BP, thereby necessitating frequent use of 
medication for management. In these patients, the calf 
muscle exhibits atrophy and altered fiber proportions, 
with increased type I fibers compared to age-matched 
controls.(21) Comparisons with other populations are 
difficult because of the unique impact of PAD on 
cardiovascular function and calf muscles.

Our study revealed that calf circumference was 
inversely associated with central BP but not with brachial 
BP. Additionally, we observed an inverse association 
between the calf circumference and wave reflection 
indicators (augmentation index and augmentation index 
corrected to 75bpm). These associations disappeared 
after adjusting for medication use and body mass index, 
suggesting a possible direct influence of medication and 
body mass index on the central BP and wave reflection 
parameters in patients with PAD.

Our study’s main finding was the relationship 
between skeletal muscle mass, assessed using calf 
circumference, and arterial stiffness, measured using 
carotid-femoral pulse wave velocity, the gold standard 
clinical marker of arterial stiffness. A previous meta-
analysis, including cross-sectional studies, showed a 

negative correlation between muscle mass and peak 
wave velocity.(22) Arterial stiffness is directly related to 
blood supply to tissues. The most plausible mechanism 
explaining this relationship is that increased arterial 
stiffness can reduce blood flow to the muscles, impairing 
metabolism and, consequently, muscle composition.(23) 

A less likely hypothesis is that a decreased muscle 
mass causes greater arterial stiffness. Muscle atrophy 
may lead to the release of damaging cytokines and 
oxidative stress, which, in turn, can impair glucose 
metabolism and disrupt hormone regulation,(24) 

ultimately increasing stiffness. Future studies should 
explore the mechanistic pathways involved in the 
relationship between muscle mass and arterial stiffness 
in patients with PAD.

The fact that the association between calf 
circumference and arterial stiffness only occurred in 
women is notable. Previous studies suggest that women 
with PAD typically exhibit poorer physical fitness 
in the lower limbs, lower muscle mass, and worse 
cardiovascular function than men.(25,26) Additionally, 
Gardner et al.(27) showed that women reach minimum 
calf muscle StO2 within a shorter time during treadmill 
exercise, indicating a greater impairment in the increase 
in capillary blood volume during exercise. This finding 
supports the idea that arterial stiffness may be related 
to muscle impairments observed in women.

Regarding heart rate variability, patients with 
PAD generally exhibit increased cardiac sympathetic 

Table 4. Multiple linear regression analyses of the associations between calf circumference and cardiovascular indicators in men with peripheral artery disease

Outcomes
Model 1 Model 2

β (SE) b p value F (p value)* β (SE) b p value F (p value)*

Blood pressure, mmHg

Brachial systolic BP -0.22 (0.44) -0.040 0.623 3.201 (0.015) 0.18 (0.75) 0.031 0.806 2.057 (0.064)

Brachial diastolic BP 0.17 (0.22) 0.064 0.438 2.441 (0.050) 0.65 (0.34) 0.235 0.060 2.496 (0.027)

Central systolic BP 0.86 (0.50) -0.154 0.086 1.941 (0.108) 0.09 (0.88) 0.015 0.918 1.964 (0.079)

Central diastolic BP -0.05 (0.22) -0.021 0.814 1.322 (0.262) 0.51 (0.38) 0.193 0.189 1.119 (0.358)

Arterial stiffness

 Augmentation index, % -0.14 (0.23) -0.054 0.546 1.989 (0.100) -0.16 (0.39) -0.059 0.676 2.031 (0.070)

 Augmentation index 75bpm, % -0.29 (0.21) -0.121 0.175 1.900 (0.115) -0.38 (0.37) -0.142 0.318 2.124 (0.058)

 Pulse wave velocity, m/s -0.04 (0.07) -0.057 0.570 2.207 (0.074) -0.06 (0.10) -0.086 0.545 4.951 (<0.001)

Cardiac autonomic modulation 

 SDNN, ms 1.77 (1.02) 0.163 0.085 1.644 (0.168) 3.03 (1.75) 0.236 0.088 1.872 (0.095)

 RMSSD, ms 2.21 (1.44) 0.144 0.128 1.727 (0.149) 3.60 (2.47) 0.200 0.148 1.817 (0.105)

 pNN50, % 0.64 (0.38) 0.155 0.100 2.011 (0.098) 1.20 (0.62) 0.266 0.056 1.699 (0.131)

 Low frequency, nu -0.82 (0.48) -0.160 0.087 2.606 (0.040) -0.01 (0.79) -0.001 0.994 2.495 (0.028)

 High frequency, nu 0.82 (0.48) 0.159 0.089 2.622 (0.039) 0.01 (0.78) 0.001 0.993 2.495 (0.028)

 Low frequency/high frequency ratio -0.03 (0.07) -0.041 0.666 0.930 (0.450) 0.20 (0.13) 0.205 0.142 1.545 (0.173)
* Model 1 was adjusted for age, 6-min walk distance, and ankle-brachial index. Model 2 was adjusted for Model 1 plus hypertension medication and body mass index.
BP: blood pressure; SDNN: standard deviation of all RR intervals; RMSSD: root mean square of the squared differences between adjacent normal RR intervals; pNN50: percentage of adjacent intervals >50ms.
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modulation.(9) Abreo et al.(28) observed a significant 
association between higher thigh circumference and 
a lower risk of cardiovascular mortality in individuals 
without PAD aged over 20 years. However, in the 
present study, calf circumference was not significantly 
associated with any of the parameters evaluated. 
Notably, these associations lost significance after 
adjusting for age, ankle-brachial index, and walking 
capacity, suggesting that these factors may be more 
reliable indicators of autonomic dysfunction than calf 
circumference in patients with PAD.

The key strengths of our study include the robust 
sample size, the use of high-quality methods to assess 
cardiovascular indicators, and the blinding of evaluators 
responsible for the cardiovascular measurements 
to the calf circumference. However, this study 
had certain limitations. The cross-sectional design 
prevented the establishment of causal relationships; 
thus, longitudinal studies should be conducted to 
better understand the effect of calf circumference in 
patients with PAD. In addition, patients used various 
medications to control risk factors, such as diabetes, 
dyslipidemia, and hypertension, which are the main 
confounders when analyzing cardiovascular indicators. 
However, this increases the external validity of the 
results.

	❚ CONCLUSION
Calf circumference is inversely associated with 
arterial stiffness indicators in women with peripheral 
artery disease. This finding suggests that lower calf 
circumference may serve as an indicator of increased 
arterial stiffness in women with peripheral artery disease. 
Future studies should investigate the mechanisms 
underlying this relationship.
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