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ARTICLE INFO ABSTRACT

Keywords: Aims: To assess the correlation between calf circumference and cardiac metabolic risk factors such
Middle-aged as hypertension, abnormal blood glucose and dyslipidaemia among middle-aged and elderly
Female women.

Calf circumference

Cardiac metabolic risk Methods: The cross-sectional study population consisted of 476 female participants aged 40-80

years, including 304 perimenopausal and 172 postmenopausal women. Calf circumference, body
mass index (BMI), blood pressure, blood glucose and blood lipids were measured. Logistic
regression analysis was used to evaluate the study aims.

Results: Calf circumference was lower in postmenopausal than perimenopausal women, and
postmenopausal women had the highest rates of hypertension, abnormal blood glucose and
abnormal blood lipids. Pearson correlation coefficients showed that calf circumference was
positively correlated with triglycerides (TGs), BMI, fasting plasma glucose (FPG),2-h plasma
glucose, glycated haemoglobin (HbA1C), systolic blood pressure and diastolic blood pressure; and
negatively correlated with high-density lipoprotein cholesterol (HDL-C) and total cholesterol
(TC). The group with the lowest quantile of calf circumference had higher rates of hypertension
(odds ratio (OR)2.14,95% confidence interval (CI)1.67-2.74),dysglycaemia (OR1.40,95%
CI1.03-1.90) and dyslipidaemia (OR2.14,95%CI 1.86-2.46).

Conclusion: In perimenopausal women, measurements of calf circumference can be used to predict
the presence of cardiac metabolic risk factors, which can be detected by observing blood pressure,
blood glucose, and blood lipids.

1. Introduction

Cardiovascular disease is the leading cause of death in adults. Hyperlipidaemia, hypertension, hyperglycaemia and obesity are
important risk factors for cardiovascular diseases [1]. In the past 20 years, the number of patients with dyslipidaemia, hypertension
and diabetes in China has increased 1.5-5 fold [2]. Before age 50, the number of men with these risk factors is higher than the number
of women with these factors, but after age 50. the number of women with these risk factors is significantly higher than the number of
men [3]. Calf circumference (CC) refers to the circumference of the widest part of the gastrocnemius muscle and is a proxy for light
weight and peripheral subcutaneous fat [4]. A French study [5] found that women with a CC less than 33 cm were at high risk for
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carotid plaques, which is a known risk factor for stroke. At present, CC is used to assess muscle mass and nutrition in China and around
the world [6,7], but its correlation with cardiac metabolic risk factors is rarely reported. Hypertension, diabetes, smoking, dyslipi-
daemia, and obesity are risk factors for cardiovascular disease in women [8]. The Heart Disease and Stroke Statistics (report from the
American Heart Association) shows that prevention of cardiovascular risk factors and early diagnosis and treatment of high-risk
populations may effectively reduce cardiovascular diseases mortalitys [9]. The “Healthy China 2030” initiative proposes that, by
2020, the probability of premature mortality from major chronic diseases in China should decrease by 10% compared to that in 2015,
and by 2030, it should decrease by 30% [10]. Therefore, blood lipids, blood glucose, and blood pressure should be carefully monitored
in menopausal women. This study explored the relationship between CC and cardiovascular metabolic risk factors in middle-aged and
elderly women and provided a basis for the prediction of cardiovascular events and health management in postmenopausal women.

2. Materials and methods (Fig. 1)
2.1. Study subjects

Convenience sampling was used to select women who underwent a physical examination in our hospital from July to November
2019. After excluding ineligible women and women with incomplete data, 476 women were selected. The inclusion criteria were as
follows: (1) voluntary participation with a signed informed consent form; (2) age from 40 to 80 years old; and (3) the ability to
communicate normally. The exclusion criteria were as follows: (1) poor compliance; (2) current hormone replacement therapy (HRT);
or (3) varicose veins and oedema of the lower extremities and an inability to walk.

2.2. Methods

2.2.1. General information questionnaire

The questionnaire developed by the National Centre for Cardiovascular Diseases was used, and a face-to-face survey was conducted
by properly trained investigators. The questionnaire gathered information such as age, smoking and drinking history, past medical
history (hypertension, diabetes, and coronary heart disease), medication history (antihypertensive drugs, lipid-lowering drugs, and
hypoglycaemic drugs), and family history.

2.2.1.1. Physical examination. The physical examination included height, weight, body mass index (BMI), blood pressure, and CC
measurements performed by special investigators. The morning after fasting (fasting >10 h), body weight was measuredment after
urination. When measuring the CC, participants were asked to remove their shoes and stand upright, with their left leg placed for
measurement and their feet at a natural distance. The measuring tape was wrapped around the widest part of the calf, typically 10 cm

Case selection

(Sex: female, Age: 40-80 years)
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Survey general information: Physical examination: Verification data:
Age, smoking and drinking history, Height, weight, BMI, blood TGs, TC, HDL-C, LDL-C, FPG,2-h
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Statistical analysis

Fig. 1. Research flow.
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below the knee. The measuring tape was kept level and snug around the calf, without compressing the skin. To an accuracy of 0.1 cm,
this was recorded as the CC. The accuracy for height was 0.1 cm and that for weight was 0.1 kg. The BMI was calculated as weight/
height? (kg/m?). Blood pressure was measured using a calibrated Omron electronic blood pressure monitor (Colin BP-203RVIIIC,
Kyoto, Japan). After resting for >15 min, blood pressure was measured twice on each subject’s nondominant arm, with an interval of 2
min between measurements, and the average blood pressure was recorded.

2.2.1.2. Laboratory indicators and diagnostic criteria for cardiovascular risk factors. Laboratory indicators included triglycerides (TGs),
high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), fasting blood glucose
(FBG), 2-h plasma glucose, and glycated haemoglobin (HbA1C). Fasting venous blood samples (fasting >10 h) were collected in the
morning and analyzed using an automated biochemical analyser.

2.2.1.3. Cardiac metabolic risk indicators and diagnostic criteria. The diagnostic criteria for dyslipidaemia were based on the 2007
Chinese Guidelines for the Management of Dyslipidaemia in Adults issued by the Joint Committee on the formulation of Chinese guidelines
for the management of dyslipidaemia in adults [11]: and included the use of lipid-lowering drugs, TGs level > 2.26 mmol/L, TC > 6.22
mmol/L, LDL-C > 4.14 mmol/L, or HDL-C<1.04 mmol/L. The criteria for hypertension included the prior or current use of antihy-
pertensive drugs, a history of hypertension or a systolic blood pressure (SBP) > 140 mmHg (1 mmHg = 0.133 kPa) and/or a diastolic
blood pressure (DBP) > 90 mmHg measured during the physical examination [12]. According to the WHO criteria, impaired fasting
glycaemia (IFG) was defined as the prior or current use of anti-hypoglycaemic drugs, a history of diabetes or a fasting blood glucose
level> 6.1 mmol/L. Impaired glucose tolerance (IGT) was diagnosed based on a fasting plasma glucose (FPG) level< 7.0 mmol/L (126
mg/dL) and a 2- h glucose level of 7.8-11.1 mmol/L (140-200 mg/dL). Impaired fasting glucose was diagnosed based on a FPG level
between 6.1 and 6.9 mmol/L (110-125 mg/dL) and (if measured) a 2 h-plasma glucose level <7.8 mmol/L (<140 mg/dL). An HbA1C
level 6.0-6.4% corresponded to prediabetes. Smoking was defined as smoking once a day or at least seven cigarettes a week. Drinking
was defined as consuming alcohol at least once a week for more than 6 months.

2.3. Statistical methods

Normally distributed measurement data are presented as the mean + standard deviation, and independent two samples t-tests were
used for comparisons between the 2 groups. Count data are presented as the frequency and composition ratio, and the chi-square test
was used for comparisons between groups. The subjects were divided into 4 groups according to CC quartile (i.e., Q1 (CC > 35.7 cm),
Q2 (34 <CC< 35.7cm), Q3 (31.9 < CC < 34 cm), and Q4 (CC < 31.9 cm). The odds ratios (ORs) and 95% confidence intervals (CIs)
for predicting cardiovascular risk factors using the CC were determined by multivariate logistic regression analyses after controlling for
other potential confounders. The covariates adjusted for bias included age, smoking, drinking, and BMI. Statistical analyses were
carried out using SPSS for Windows 24.0 (SPSS Inc. Chicago, IL, USA). A P value less than 0.05 was considered statistically significant.

To ensure the reliability and validity of measurements, centralized training programs and regular quality control were imple-
mented for the special investigators. Additionally, a reproducibility study was performed. The mean absolute difference and corre-
lation coefficient between repeated examinations of CC were, 0.06 mm and 0.69, respectively.

3. Results
3.1. Comparison of general characteristics between perimenopausal and menopausal women
Middle-aged and elderly women were divided into perimenopausal [13] (40-60 years old) and menopausal (61-80 years old)

groups according to age for comparison. No difference in BMI was noted between the two groups, but differences in CC, dyslipidaemia,
dysglycaemia, and hypertension were identified (Table 1).

3.2. Analysis of relationship s between CC and cardiac metabolic indices

Pearson correlation coefficients were used to analyse the relationships between CC and cardiac metabolic indices. CC was positively
correlated with TGs, BMI, FPG, 2-h plasma glucose, HbA1C, SBP and DBP; CC was negatively correlated with HDL-C and TC; and CC
was not correlated with LDL-C (Table 2).

Table 1

Comparison of general characteristics between perimenopausal and menopausal women (N = 476, cases, %).
Indicator Perimenopausal (n = 304) Menopausal (n = 172) P value
BMI (x + s, kg/mz) 23.29 + 3.08 23.11 + 3.42 0.548*
CcC 34.42 + 2.5 32.65 + 2.80 0.000%
Dyslipidaemia 188 (29.0%) 136 (79.1%) 0.000°
Dysglycaemia 52 (17.1%) 100 (58.1%) 0.000°
Hypertension 42 (13.8%) 60 (34.9%) 0.000°

Data are represented as the mean + standard deviation (S.D.) or proportion (%). A) t-test. B) chi-square test.
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3.3. Correlations between CC and cardiovascular risk factors

Logistic regression analysis was performed using factors that influence hypertension, dyslipidaemia, and dysglycaemia as
dependent variables, and sex, age, BMI, and CC were used as independent variables. A multi-factor logistic regression model analysis
was performed based on the CC quartiles. The risks of hypertension, dysglycaemia and dyslipidaemia in the group with the lowest CC
quartile were 2.14, 1.40 and 2.14 times higher than those in the highest CC quartile group (P < 0.01) (Table 3).

4. Discussion

This study explored the correlation between CC and cardiovascular metabolic risk factors including hypertension, abnormal blood
glucose and dyslipidaemia in middle-aged and elderly women aged 40-80 years old. The results showed differences in CC and the
prevalence of hypertension, dysglycaemia and dyslipidemia between perimenopausal and postmenopausal women; CC was positively
correlated with TGs, BMI, FPG, 2-h plasma glucose, HbA1C, SBP and DBP values; CC was negatively correlated with HDL-C and TC
values; and CC was not correlated with LDL-C. After mixed factors, such as age, smoking, drinking and BMI, were corrected for by
quantile logistic regression analysis, the presence of cardiac metabolic risk factors was found to increase with decreasing CC (trend P <
0.05). The risk levels of hypertension, dysglycaemia and dyslipidaemia in the corrected Q1 (lowest quartile) were 2.14, 1.40 and 2.14
times higher than those in Q4 (highest quartile). Another study [14] showed that a reduction in CC was an independent risk factor for
dyslipidaemia in middle-aged and elderly people.

Sakinah et al. [15] showed that CC decreased with increasing age and decreasing physical activity, which is consistent with the
results of this study. CC is an anthropometric parameter closely related to the body’s muscle mass. It is currently known to be related to
the nutritional status of elderly individuals. CC can reflect a change in fat-free weight and is a sensitive indicator of muscle mass and
peripheral subcutaneous fat in middle-aged and elderly people. Bai et al. [6] showed a linear correlation between CC and adipose tissue
and that a high CC might reflect a large amount of subcutaneous fat and fat infiltration into muscles. Kawakami et al. [7] used CC as a
surrogate marker for the muscle mass of Japanese males and females and hypothesized that subcutaneous fat in the calves may
enhance and store free fatty acids (FFAs), thus promoting blood circulation to avoid the formation of carotid plaques. The incidence of
carotid plaques increases in individuals with a low CC [16], and carotid plaques are known risk factors for stroke. Some animal studies
have shown that the loss of IGF-1 sensitization in skeletal muscle leads to the development of insulin resistance (IR) [17]. According to
previous studies, IR is associated with muscle strengthand muscle mass in middle-aged and elderly people. A low CC has been posi-
tively correlated with carotid atherosclerosis and IR in diabetic patients [18], and IR increases the concentration of FFAs and TGs in the
blood, resulting in elevated blood lipids. IR increases blood free fatty acids and triglyceride levels, leading to dyslipidaemia and
dysglycaemia.

Another study showed [19] no correlations between CC and resting SBP or DBP, pulse pressure or mean pressure in healthy elderly
women, but CC was negatively correlated with the resting 1-min pulse rate. A low CC may be related to a high resting heart rate and
low capillary density. Heart rate acceleration is secondary to reduced stroke output and exercise intolerance. Low capillary density is
related to muscle blood flow [20], high resting heart rate and mean blood pressure. The CC can be used as a screening test for the
resting pulse rate, which can be used to prevent cardiovascular events in elderly women [21]. Another cross-sectional study showed
that a low CC may indicate a low risk of cardiovascular disease [22]. Therefore, the above negative factors related to low CC may
increase the risk of cardiovascular events. The awareness of the interaction between CC and cardiovascular events. The inverse
relationship between carotid plaque and increased calf circumference may also reflect the protective effect of calf circumference.

Another study [23] showed that a low CC was associated with a high prevalence of metabolic syndrome (MetS). The use of MetS
combined with CC has an increased predictive ability for cardiovascular mortality. This is the first time the idea of incorporating CC
and MetS components in different ways to predict the risk of death has been proposed. After considering other factors, a correlation
was found between a decreased CC and hypertension. A possible reason for this correlation is that a low CC is associated with a high

Table 2

Correlation analysis between CC and cardiac metabolic indices in middle-aged and elderly women.
lindex CC P

r

BMI (kg/m?) 0.603 <0.001%*
TC (mmol/L)? —0.148 <0.001**
TGs (mmol/L)? 0.176 <0.001**
LDL-C (mmol/L)? —0.308 0.410
HDL-C (mmol/L)* —0.348 <0.001**
FPG (mmol/L)" 0.261 <0.001**
2-h plasma glucose (mmol/L)° 0.119 <0.001**
HbAI1C (%)° 0.216 <0.001**
SBP, mmHg*® 0.237 0.003**
DBP, mmHg® 0.149 <0.001%**

Notes:*a: Except for dyslipidaemia patients; b: Except for diabetic patients; c: Except for hypertension
patients.
* Differences are indicated by**P < 0.05.



L.-L. Bian et al. Heliyon 9 (2023) e17456

Table 3

Association analysis between CC quartile and cardiac metabolic factors in middle-aged and elderly women (OR (95% CI)).
Indicator cC

Quartile 4* OR (95% CI) Quartile 3 OR (95% CI) Quartile 2 OR (95% CI) Quartile 1 OR (95% CI) P for Trend

n 128 124 104 120
Hypertension
Model 1 1.00 0.36 (0.19-0.66) 0.45 (0.25-0.84) 0.52 (0.29-0.94) 0.000
Model 2 1.00 0.76 (0.39-1.47) 0.97 (0.61-1.54) 2.14 (1.67-2.74) 0.000
Dysglycaemia
Model 1 1.00 0.30 (0.15-0.67) 0.70 (0.77-1.15) 0.89 (0.69-1.30) 0.000
Model 2 1.00 0.46 (0.26-0.81) 0.78 (0.68-0.89) 1.40 (1.03-1.90) 0.032
Dyslipidaemia
Model 1 1.00 0.85 (0.51-1.32) 0.77 (0.45-1.42) 1.06 (0.64-1.76) 0.145
Model 2 1.00 0.76 (0.67-0.86) 0.97 (0.84-1.12) 2.14 (1.86-2.46) 0.000

Note: * Highest CC quartile.
Model 1 (uncorrected variables); Model 2 adjusted for age, BMI, TC, and HDL-C (blood pressure was not corrected in the analysis of hypertension, and
TC and HDL-C were not corrected in the analysis of dyslipidaemia).

resting heart rate and low capillary density [24]. A high resting heart rate can increase the risk of cardiovascular events and cause
persistent hypertension. Muscular blood flow is positively correlated with capillary density [25]. In the human calf, the soleus is the
muscle that performs pumping. Hernelati et al. [26] reported that the amount of slow twitch muscle fibres was negatively correlated
with the presence of hypertension [27]. A low proportion of slow twitch muscle fibres can lead to high vascular resistance. In addition,
capillary density is associated with SBP and endothelial function [28]. However, a high proportion of fast twitch muscle fibres can
result in a high resting mean blood pressure due to muscular sympathetic nervous activity [29]. The amount of fast twitch muscle fibres
may affect resting systolic or diastolic pressure, pulse pressure, and mean blood pressure [21]. Another cross-sectional study showed
that a large CC might indicate a reduced risk of cardiovascular disease [30]. The inverse relationship between carotid plaque and an
increased CC might also reflect the protective effect of CC and thigh circumference. The above negative factors associated with a low
CC may contribute to an increased risk of cardiovascular events. Therefore, the CC can provide valuable information on susceptibility
to adverse cardiovascular events.

In summary, CC may be a useful screening measure for cardiovascular disease risk factors in middle-aged and elderly women. If an
individual’s CC is less than 34 cm, her blood glucose, blood pressure, and blood lipids should be monitored regularly to reduce her risk
of developing cardiovascular diseases. Risk reduction measures may include adopting a healthy diet and exercise routine, quitting
smoking, and managing other risk factors such as high blood pressure and cholesterol. Monitoring simple measures such as CC may
help identify potential waming signs early.

While larger CC may be protective against cardiovascular diseases, further research is needed to determine the optimal calf size and
the mechanisms that underlie this relationship. It is important to note that CC is one factor among many that contribute to cardio-
vascular disease risk and should not be used as a sole measure of risk.

This study had some possible limitations. It was a cross-sectional study with no causal control. The sample size, location, and
subjects of this study limit the generalizability of the conclusions. The study did not assess whether a reduction in CC reflected a loss of
muscle or fat, which requires further investigation via ultrasound, computed tomography, and magnetic resonance imaging. Therefore,
the data should be interpreted with caution before extrapolating the results to the general population. Despite the limitations, the
results are extremely relevant, indicating the practical applicability of a low-cost and easily applicable method to predict cardio-
vascular disease risk in middle-aged and elderly women.
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