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Abstract

Background: To investigate the prevalence of vascular calcification based on the ankle-brachial index (ABI) value and
analyse the risk factors for vascular calcification in the general population.

Methods: A cross-sectional study was conducted to collect clinical, laboratory, and lifestyle data in individuals aged
30-70 recruited from the physical examination centre. The automatic arteriosclerosis detector was used to measure
the ABI. Difference tests, correlation analyses, and multivariate logistic regression analyses were performed to identify
risk factors for vascular calcification.

Results: The overall prevalence of vascular calcification was 24.39% in 1033 subjects. The prevalence of vascular
calcification in males was much higher than that in females (27.80% vs. 17.49%, P<0.001). The differences in age, body
mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C), hypertension, and fatty liver disease were statistically significant in males (P<0.05). The differ-
ences between serum uric acid (UA), total cholesterol (TC), TG, low-density lipoprotein cholesterol (LDL-C), estimated
glomerular filtration rate (eGFR), alcohol consumption, exercise, and postmenopausal status were statistically signifi-
cant in females (P<0.05). Increased age (odds ratio (OR) = 1.028, 95% confidence interval (Cl) 1.008-1.049, P=0.007),
increased BMI (OR=1.238,95% Cl 1.147-1.337, P<0.001) and elevated DBP (OR=2.563, 95% Cl| 1.262-5.205,
P=10.009) were independent risk factors for vascular calcification in males after adjusting for confounding factors.
Increased BMI (OR=1.159, 95% Cl 1.029-1.304, P=0.015), elevated UA (OR=1.545,95% Cl 1.077-2.216, P=0.018),
elevated LDL-C (OR=1.044, 95% Cl 1.060-1.027, P<0.001), and a lack of exercise (OR=2.402, 95% Cl| 1.073-5.373,
P=0.033) were independent risk factors for vascular calcification in females.

Conclusions: The prevalence of vascular calcification based on the ABI value is also high in the general population
of our centre. Increased age, BMI, and elevated DBP are independent risk factors for vascular calcification in males.
Increased BMI, UA, LDL-C, and a lack of exercise are independent risk factors for vascular calcification in females.
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Attention should be given to strengthening the prevention and control of vascular calcification in the general

population.

Keywords: Vascular calcification, Ankle-brachial index, General population, Risk factors

Background

Cardiovascular disease (CVD) remains a significant
cause of death globally [1]. With the ongoing epidemic
of hypertension, diabetes, and chronic kidney disease
(CKD) [2], the prevalence of CVD is still increasing every
year [3], imposing a heavy socioeconomic burden and
threatening human life all over the world. Arterioscle-
rosis, including atherosclerosis and vascular calcifica-
tion, are common pathophysiological changes found in
patients with CVD [3]. Both atherosclerosis and vascular
calcification are well-known risk factors for cardiovascu-
lar events [4] and have a close association with the mor-
tality rate of CVD patients.

The ankle-brachial index (ABI) is an important non-
invasive method to evaluate vascular wall structure and
functional changes [5] with several advantages including
accuracy, cost-effectiveness, convenience, and requiring
no radiation. The normal value of the ABI is considered
to be 0.9-1.3 [6], and the clinical significance of ABI is
primarily based on its ability to identify lower extremity
ischaemic disease [7]. An ABI of less than 0.9 has been
shown to have a high sensitivity and specificity for the
diagnosis of peripheral artery disease (PAD) [8]. Further-
more, even in the absence of PAD symptoms, the ABI is
also a prognostic marker for cardiovascular events and
functional impairment [9]. Despite various studies over
the past decades devoted to understanding the origin,
diagnosis, and prevention of aortic calcification, there is a
glaring lack of studies on systemic vascular calcification.
However, arteriosclerosis caused by vascular calcification
in the lower limbs occurs significantly earlier than that in
the upper limbs [10]. Thus, a high ABI is a reliable indica-
tor of the presence of early vascular calcification and is
closely related to the increased risk, adverse outcomes,
and all-cause mortality of CVD events [11]. Many stud-
ies have noted that an ABI of greater than 1.3 indicates
the presence of a major form of arteriosclerosis, usually
referred to as vascular calcification [9, 12—16]. There-
fore, attention should be given to the evaluation of vas-
cular status and related risk factors in populations with
high ABI values. Vascular calcification associated with
specific diseases such as CKD, diabetes mellitus [17], and
hyperlipidaemia [18] has received widespread attention,
but less attention has been given to the prevalence and
management of vascular calcification in the general pop-
ulation. Meanwhile, although an elevated ABI has great
significance in predicting vascular calcification [9], its

clinical significance has been largely overlooked. There-
fore, the prevalence and risk factors for vascular calcifica-
tion based on ABI values [9] have not been fully assessed
and need further exploration in the general population
[19, 20].

Based on the above, the purpose of the present study
was to investigate ABI values, evaluate the prevalence of
vascular calcification according to ABI values, and ana-
lyse the risk factors for vascular calcification in the gen-
eral population. Through this study, the prevalence of
vascular calcification was estimated in the general popu-
lation, and potential methods suitable for implementing
general population-based interventions were explored.
It is anticipated that our study may shed light on effec-
tive preventive measures to eliminate potential risk fac-
tors for vascular calcification based on ABI values; thus,
improving vascular function and outcomes in the general
population.

Methods

Research subjects

Our study was a cross-sectional study that enrolled sub-
jects aged 30-70 from the physical examination centre
of our hospital from December 2018 to October 2021.
Individuals suffering from infectious diseases, trauma, or
surgery, or those with a history of organ transplantation,
tumours, diabetes, or cardiovascular diseases (including
heart failure, coronary artery disease, myocardial infarc-
tion, cardiomyopathy, cardiac arrhythmia, and valvular
disease), cerebrovascular diseases (including ischaemic
stroke and cerebrovascular haemorrhage), liver diseases
(including hepatitis, liver cirrhosis, and any abnormal
liver function), any kind of kidney diseases, or hyperpar-
athyroidism were excluded from the study.

Data collection

Clinical and medical history data, such as age, body mass
index (BMI) defined as weight/height?, systolic blood
pressure (SBP), and diastolic blood pressure (DBP), were
collected from subjects. Venous blood was drawn from
all subjects after a fasting period of at least 8 h. Labora-
tory indicators such as total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), serum uric acid
(UA), and estimated glomerular filtration rate (eGFR)
were tested with fasting blood samples using automatic
biochemical analysers in the clinical laboratory of our
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hospital. An SBP>140 mm of mercury (mmHg) was
defined as elevated SBP, and a DBP>90 mmHg was
defined as elevated DBP according to the consensus of
the European Society of Cardiology (ESC)/European
Society of Hypertension (ESH) blood pressure guide-
lines [21]. Fatty liver disease was diagnosed with a colour
Doppler ultrasound diagnostic scanner (C1-6 abdominal
probe, frequency range 1-6 MHz, LOGIQ E9, American
GE) by a trained, experienced sonographer. Lifestyle data
including smoking status, alcohol consumption, physi-
cal exercise, and postmenopausal status were acquired
by questionnaires. Smoking behaviours were divided
into never smokers, ex-smokers, and current smokers
[22]. The total amount of alcohol consumption was cal-
culated in grams per week and categorized into never
drink, minimal alcohol consumption (<40 g/week), light
alcohol consumption (40-140 g/week), moderate alcohol
consumption (140-280 g/week), and excess alcohol con-
sumption (>280 g/week) [23, 24]. Subjects who exercised
at least once per week were defined as exercisers, and
those who exercised less than once per week were classi-
fied as non-exercisers [25]. The postmenopausal status of
women was defined as beginning 1 year after the cessa-
tion of menses [26].

An automatic arteriosclerosis detector (AS-1000,
United Kingdom) was used to measure the brachial
artery and the ankle arterial pulsation and systolic pres-
sure of subjects on the left and right limbs in the supine
position [27] according to the standard operating proce-
dure of the instrument. The average value of three inde-
pendent measurements was recorded [27]. The ABI value
was calculated as the ratio of average ankle systolic blood
pressure divided by the average brachial systolic blood
pressure [7]. Those with an ABI value >0.9 were selected
for further analysis. Those with an ABI value >1.3 were
defined as having a high ABI (ABI (4)), which indicates
arteriosclerosis, especially vascular calcification [11, 28],
and those with an ABI value<1.3 and>0.9 were defined
as having a normal ABI (ABI (—)) [11, 28].

Statistical analysis

The SPSS statistical software package, version 24.0, was
used for data analysis. The ABI was used as a dichot-
omous outcome variable (ABI (+) group and ABI (—)
group) for data analysis. Continuous variables with nor-
mal distribution were presented as the mean + standard
deviation (¥ +s), and the independent Student’s t-test
was performed to compare differences between the two
groups. Categorical variables were expressed as num-
bers (n) and percentages (%), and the Chi-square (x?)
test or Fisher’s exact test was used to determine dif-
ferences between groups. The Kruskal-Wallis test was
used to compare ranked data between different groups.
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All P values were two-sided, and P values <0.05 were
considered statistically significant.

The prevalence of vascular calcification between
males and females was compared, and baseline data for
the ABI (—) and ABI (4) groups of males and females
were also compared. Pearson correlation coefficient
analysis was used to identify multicollinearity, and a
correlation coefficient of more than 0.9 was consid-
ered to represent multicollinearity [29]. Variables with
P <0.05 in univariate analysis or indicators clinically
believed or confirmed in previous studies [30] to be
associated with vascular calcification and with no mul-
ticollinearity of these variables [31] were included in
the multivariate logistic regression analysis [32]. The
multivariate logistic regression model was constructed
using the enter method to screen for the risk factors for
vascular calcification, and the odds ratio (OR) and 95%
confidence interval (CI) were calculated.

Results

Prevalence of vascular calcification based on the ABI

in males and females

A total of 1033 subjects were enrolled in the study,
including 690 males (66.80%) and 343 females (33.20%).
The overall prevalence of ABI (4), which indicates vas-
cular calcification, was 24.39% among the 1033 sub-
jects. Among the 690 male subjects, the prevalence of
vascular calcification was 27.80% (present in 192 male
subjects), while the prevalence of vascular calcification
was 17.49% among the 343 female subjects. The preva-
lence of vascular calcification in males was significantly
higher than that in females (P <0.001, Fig. 1).
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Fig. 1 The prevalence of vascular calcification based on the ABI value
in males and females
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Comparison of baseline characteristics between the ABI

(=) and ABI (+) groups for males and females

Since the prevalence of vascular calcification in males
and females was statistically significant, men and women
were divided into two groups for the next analysis. Base-
line characteristics were compared between the ABI (+)
and ABI (—)groups. The differences in age, BMI, SBP,
DBP, TG, HDL-C, hypertension, and fatty liver disease
were statistically significant in males (P<0.05); however,
no differences were found in UA, TC, LDL-C, serum
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calcium, serum phosphorus, eGFR, or lifestyle behav-
iours such as smoking, alcohol consumption, and exer-
cise between the ABI (—) and ABI (4) groups (Table 1).
The differences in UA, TC, TG, LDL-C, eGFR, alcohol
consumption, exercise, and postmenopausal status were
statistically significant in females (P<0.05); however,
no differences were found in age, BMI, SBP, DBP, HDL-
C, serum calcium, serum phosphorus, smoking, or fatty
liver disease between the ABI (—) and ABI (4) groups
(Table 1).

Table 1 Comparison of baseline characteristics between the ABI (—) and ABI (+) groups for males and females

Variables Males (n=690) Females (n=343)

ABI (-) ABI (+) t/x*/Zvalue Pvalue ABI(-) ABI (+) t/x*/Zvalue P value
Age (yearx £5) 50.07+9.30 51.63+£892 -1.987 0.047 51724828 5040+£852 1.120 0.264
BMI (kg/m? X =) 2350+3.04 25.16+2.81 -6.533 <0001  2202+292 2276+£323 -1.641 0.105
SBP (mmHg, X £s) 122.56+1444 12632+1400 -3.097 0.002 1151241484 11380+£1257 0648 0518
DBP (mmHg, X £5) 7847 +£9.24 81.24£9.75 -3.474 0.001 71.34+£9.36 72.10+£9.32 -0.574 0.567
Hypertension 7.323 0.007 4.264 0.039
No (n (%)) 418(83.94) 144(75.00) 260(91.87) 56(93.33)
Yes (n (%)) 80(16.06) 48(25.00) 23(8.13) 4(6.67)
UA (mg/dl, X £5s) 5844+1.18 5.7841.09 0.655 0513 411+£094 4444+£1.13 -2428 0.016
TC (mmol/l, X £5) 5354090 531+£086 0.502 0616 5554098 4.78+0.63 7.684 <0.001
TG (mmol/l, X £5) 1.28+£092 147 £0.96 -2.408 0.016 0.79+£0.05 0.56+0.03 3231 0.001
HDL-C (mmol/l, X %) 1284033 1.20+£0.28 2.901 0.004 1.604+0.38 1.66+0.28 -1.253 0213
LDL-C (mmol/l, X £5s) 330+0.81 3294084 0.128 0.898 260+046 3324084 -9.318 <0.001
SC (mmol/l, Xx+£5) 216+0.15 2174022 -0.248 0.805 2.094£0.25 2044023 0.699 0.487
SP (mmol/l, X £s) 1.16£0.12 1.12£0.19 0.965 0339 129+£0.17 124£0.12 1.169 0.247
eGFR (ml/min/1.73m? Xx£s)  9047411.70 90.37£9.64 0.112 0.688 9299+ 1251 87.28£10.92 3.280 0.001
Smoking -1.829 0.067 1425 0.154
Never (n (%)) 148(29.72) 72(37.50) 249(87.99) 45(75.00)
Previous (n (%)) 193(38.75) 68(35.42) 19(6.71) 12(20.00)
Current (n (%)) 157(31.53) 52(27.08) 15(5.30) 3(5.00)
Alcohol consumption -0.214 0.830 3.207 0.001
Never (n (%)) 108(21.69) 48(25.00) 145(51.24) 18(30.00)
Minimal (n (%)) 148(29.72) 52(27.08) 103(36.40) 12(20.00)
Light (n (%)) 107(21.48) 40(20.83) 25(8.83) 12(20.00)
Moderate (n (%)) 71(14.26) 20(1042) 7(247) 12(20.00)
Excess (n (%)) 64(12.85) 32(16.67) 3(1.06) 6(10.00)
Exercise 1414 0.234 10.353 0.001
Yes (n (%)) 94(18.87) 44(22.92) 225(79.51) 24(40.00)
No (n (%)) 404(81.13) 148(77.08) 58(20.49) 36(60.00)
Fatty liver disease 4172 0.041 1.324 0.250
Yes (n (%)) 322(64.66) 108(56.25) 243(85.87) 48(80.00)
No (n (%)) 176(35.34) 84(43.75) 40(14.13) 12(20.00)
Postmenopausal 4.540 0.033
Yes (n (%)) 127(44.88) 36(60.00)
No (n (%)) 156(55.12) 24(40.00)

ABI: Ankle-brachial index, X & s: mean = standard deviation, BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, UA: Uric Acid, TC: Total
Cholesterol, TG: Triglyceride, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, SC: Serum calcium, SP: Serum phosphorus, eGFR:

Estimated glomerular filtration rate.
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Multicollinearity analysis of the variables associated

with vascular calcification

After univariate analysis, variables with P <0.05 and
clinically believed or confirmed in previous studies to be
associated with vascular calcification were selected for
multicollinearity analysis. Age, BMI, SBP, DBP, TG, HDL-
C, and fatty liver disease in men were selected for mul-
ticollinearity analysis using Pearson correlation analysis.
The correlation coefficient between SBP and DBP in the
correlation coefficient matrix was significant (r=0.99,
P<0.001, Fig. 2). To avoid multicollinearity, blood pres-
sure was classified into normal blood pressure, elevated
DBP, elevated SBP, and elevated SBP and DBP. Then,
these classifications were used for multivariate logistic
regression analysis. The variables age, BMI, UA, TC, TG,
LDL-C, and eGFR in women were selected for multicol-
linearity analysis, and the correlation coefficient between
TC and LDL-C in the correlation coefficient matrix was
significant (r=0.98, P<0.001, Fig. 3). To avoid multicol-
linearity, the indicator TC was excluded from the mul-
tivariate logistic regression model because TC includes
HDL-C and LDL-C. However, HDL-C and LDL-C have
opposite effects on cardiovascular systems. Therefore,
LDL-C was selected for multivariate analysis.

Multivariate logistic regression analysis of vascular
calcification in males and females

After multicollinearity analysis, variables with no mul-
ticollinearity were included in the multivariate logis-
tic regression analysis. The results in males showed
that increased age (OR=1.028), increased BMI
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(OR=1.238), and elevated DBP (OR=2.563) were
independent risk factors for vascular calcification after
adjusting for confounding factors such as TG, HDL-C,
and fatty liver disease. The results indicated that each
1.0-year increase in age was associated with a 1.028-
fold increased risk of vascular calcification (95% CI
1.008-1.049, P=0.007), each 1.0 kg/m? increase in BMI
was associated with a 1.238-fold increased risk of vas-
cular calcification (95% CI 1.147-1.337, P<0.001), and
the risk of vascular calcification increased by 2.563-fold
in the population with elevated DBP compared with
those with normal blood pressure (95% CI 1.262-5.205,
P=0.009, Fig. 4).

The results of multivariate analysis in females
showed that increased BMI (OR=1.159), elevated UA
(OR =1.545), elevated LDL-C (OR=1.044), and a lack of
exercise (OR=2.402) were independent risk factors for
vascular calcification after adjusting for confounding fac-
tors such as age, TG, postmenopausal status, blood pres-
sure, and alcohol consumption. The results indicated that
each 1.0 kg/m? increase in BMI was associated with a
1.159-fold increased risk of vascular calcification (95% CI
1.029-1.304, P=0.015), each 1.0 mg/dl increase in serum
UA level was associated with a 1.545-fold increased risk
of vascular calcification (95% CI 1.077-2.216, P=0.018),
each 1.0 mmol/l increase in LDL-C level was associated
with a 1.044-fold increased risk of vascular calcification
(95% CI 1.060-1.027, P<0.001), and women who lacked
exercise had a 2.402-fold increased risk of vascular cal-
cification than women who exercised regularly (95% CI
1.073-5.373, P=0.033, Fig. 5).

Fig. 2 Correlation coefficient matrix of variables in males
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Fig. 3 Correlation coefficient matrix of variables in females
Variables B P OR(95%CI)
Age 0.028 0.007 1.028(1.008-1.049) L
BMI 0.214 0.000 1.238(1.147-1.337) Lo
TG 0.001 0421 1.001(0.999-1.003) ®
HDL-C -0.014 0.104 0.986(0.970-1.003) L
Fatty liver disease (Yes vs. No) 0.386 0.087 1.471(0.945-2.291) [ L ARRARRERRERAS {
Hypertention
Elevated SBP 0.368 0.433 1.444(0.576-3.621)  k--=-o- Foneees @ - oo i
Elevated DBP 0.941 0.009 2.563(1.262-5.205) P A L 1
Elevated SBP and DBP -0.112 0.707 0.894(0.499-1.602)  b+----@-=eneneees |
T I T T T T T T T T 1
05 10 15 20 25 30 35 40 45 50
OR(95%CI)
Fig. 4 Multivariate logistic regression analysis of vascular calcification in males

Evaluation of the multivariate logistic regression model

To validate and evaluate the accuracy of the multi-
variate model for males, the Omnibus comprehen-
sive test was performed to comprehensively test the
model coefficient, and the P value was 0.000 (P <0.05),
indicating that the overall fit of the model was mean-
ingful and quite good. The P value of the Hosmer—
Lemeshow goodness-of-fit test was 0.171 (P> 0.05), and

the prediction accuracy of the fitted model was 72.9%
in males (Table 2). There was a good fit for the multi-
variate logistic regression model in males. The accu-
racy test was also performed on the multivariate model
for females. The P value of the Omnibus test was 0.000
(P<0.05), the P value of the Hosmer—Lemeshow test
was 0.347 (P>0.05), and the prediction accuracy was
82.8% in females. The multivariate logistic regression
model for females also showed a good model fit.
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Variables B P OR(95%CI)
Age 0.044 0.139 1.045(0.986-1.107) ol
BMI 0.147 0.015 1.159(1.029-1.304) 1-@-4
UA 0.435 0.018 1.545(1.077-2.216) beeeee @-----oee 1
LDL-C 0.043 0.000 1.044(1.060-1.027) ®
TG -0.002 0.749 0.998(0.988-1.009) °
Alcohol consumption 0.248 0.184 1.282(0.889-1.848) A S |
Exercise (No vs. Yes) 0.876 0.033 2.402(1.073-5.373) L L
Postmenopausal (Yes vs. No) -0.151 0.782 0.860(0.296-2.499) ===~ @ 1o i
T T T T T T T T T T T 1
05 10 15 20 25 30 35 40 45 50
OR(95%CI)
Fig. 5 Multivariate logistic regression analysis of vascular calcification in females

Table 2 The comprehensive evaluation of the fitted model

Comprehensive evaluation Males Females
indicators

Omnibus test of model 0.000 0.000
Hosmer—Lemeshow test 0.171 0.347
Prediction accuracy (%) 72.90 82.80

Discussion

Vascular calcification plays an important role in the
pathogenesis of CVD because it may progressively lead
to many complications, such as increased cardiac after-
load, ventricular hypertrophy, reduced coronary artery
perfusion, myocardial ischaemia, and cardiac diastolic
dysfunction or even heart failure [4], caused by arterial
stiffening [33]. Meanwhile, it is also related to a higher
risk of dementia, cognitive decline [34], and all-cause
mortality [35]. At the same time, vascular calcification
is widely accepted as one of the common and important
complications of CKD patients who suffer from hyper-
phosphatemia and accumulation of uraemic toxins [36].
Currently, much attention has been given to the mecha-
nisms and risk factors for vascular calcification in CKD
patients [37]. However, the prevalence and related risk
factors for vascular calcification have not received much
attention in the general population. In our current study,
we evaluated the prevalence of vascular calcification
according to the ABI value and analysed the risk fac-
tors for vascular calcification in the general population.
We found that the prevalence of vascular calcification

was also high in the general population of our centre.
The overall prevalence of ABI (+), which indicates vas-
cular calcification, was 24.39% among 1033 subjects with
a mean age of 50.85=+8.95 in our survey. The prevalence
of vascular calcification based on the ABI value was
much higher in men (27.80%) than women (17.49%) on
the condition that there was no significant difference in
the age of the selected samples (50.51 £9.21 years old in
males and 51.64+8.30 years old in females, P=0.056).
Other previous studies also proved that 61% of asymp-
tomatic subjects displayed vascular calcification [14],
and systemic vascular calcification may affect as many
as 30%—-50% of asymptomatic individuals in the United
States [38]. Hence, it is essential to focus on the detection
of vascular calcification in the general population so that
early prevention and control measures can be carried out
promptly.

For the reason mentioned above, we conducted single-
factor analyses and multivariate logistic regression analy-
ses to look for risk factors related to vascular calcification
in the general population. We found that increased age,
increased BMI, and elevated DBP were independent risk
factors for vascular calcification in males. We also found
that increased BMI, elevated UA, elevated LDL-C, and
a lack of exercise were independent risk factors for vas-
cular calcification in females after adjusting for other
confounding factors. It is well known that age is a major
driver of cardiovascular risk [1], and the aging process of
arteries is naturally characterized by a gradual increase
in the stiffness and calcification of the vasculature [16].
Although age-driven risk factors cannot be reduced,
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other controlled factors can be managed to improve vas-
cular function.

For males, elevated DBP and SBP were risk factors for
vascular calcification in univariate analysis, while ele-
vated DBP was an independent risk factor for vascular
calcification in multivariate logistic regression analysis.
Therefore, our study showed a relatively clear correla-
tion between DBP and vascular calcification. However,
we must know that hypertension is a manifestation of the
decline of vascular elasticity [39] and impaired arterial
compliance on account of increased peripheral vascular
resistance induced by vascular calcification. Meanwhile,
elevated blood pressure can also lead to haemodynamic
changes [40] and shear stress-induced injury of vascular
endothelial cells and vascular smooth muscle cells [41].
All of these factors contribute to the noncompliance of
the arterial wall and deterioration of the process of vascu-
lar calcification. However, if severe arterial stiffness exists
in both large and small arteries, especially aortic stiffness,
there may be a decrease in DBP because of the seriously
weakened buffering effect of the hardened vascular wall.
Therefore, pulse pressure may also play an important
role in assessing vascular function [42] for those popu-
lations who have a decreased DBP. It is also known that
hypertension and vascular calcification can influence
each other and aggravate the progression of each other.
A cohort study proved that a high ABI value is associ-
ated with higher mortality in patients with hypertension
[11], which indicates that the ABI can provide prognos-
tic information for the hypertensive population. In our
study, we found no effects of smoking, alcohol consump-
tion, or exercise on vascular calcification in either univar-
iate or multivariate analysis. Many previous studies have
confirmed the viewpoint that there is a strong association
between cigarette exposure and endothelial dysfunction
[43-45]. Thus, we suggest that discontinuing the habit of
smoking would also help decelerate the development of
vascular calcification and prevent major cardiovascular
events. However, there is a complex association between
alcohol consumption and cardiovascular disease. Some
studies hold the opinion that low-moderate alcohol con-
sumption may be a protective factor for the cardiovas-
cular system, but chronic abuse or binge drinking will
aggravate CVD [46], while other studies argue that there
is a dose-dependent harmful relationship between alco-
hol consumption and arterial stiffness [47]. Although
there was no statistically significant difference in drinking
behaviours between the ABI (+) and ABI (—) groups, the
prevalence of ABI (+) in the never, minimal, light, mod-
erate, and excess alcohol consumption groups showed
that the prevalence of vascular calcification was much
higher in those who consumed alcohol in excess (33.33%).
Furthermore, the prevalence of vascular calcification
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in the moderate alcohol consumption group was much
lower (21.99%) than that in those who never consumed
alcohol (30.77%), the minimal alcohol consumption
group (26.00%), and the light alcohol consumption group
(27.21%). For this reason, we deeply believe that excessive
alcohol consumption is a risk factor for vascular calcifi-
cation. However, whether minimal-to-moderate alcohol
consumption can protect vascular function is yet to be
determined. Therefore, further multicentre and prospec-
tive large-sample studies are needed to clarify the dose-
dependent association between alcohol consumption and
vascular calcification in the general population.

The 2016 ESC guideline revealed that the burden of
cardiovascular disease in women is ten years later than
that in men [1]. Our study not only confirmed that the
prevalence of vascular calcification in men (27.80%)
was much higher than that in women (17.49%), but also
proved that there was a difference in the prevalence of
vascular calcification between postmenopausal women
and premenopausal women in univariate analysis. The
results showed that the prevalence of vascular calcifica-
tion in postmenopausal women was much higher than
that in premenopausal women (22.09% vs. 13.33%), which
further proved the protective effect of oestrogen on the
cardiovascular system in females. Thus, males appear to
develop CVD earlier than females. However, postmeno-
pausal women are faced with a rapidly increased CVD
risk, which can also cause adverse cardiovascular events.
A previous systemic evaluation of calcified atheroscle-
rosis that enrolled 650 asymptomatic subjects revealed
that 47% of women younger than 50 years old were found
to have arterial calcification, but the prevalence rapidly
increased to 73% between the ages of 50 and 60 and fur-
ther increased to 91% between the ages of 60 and 70 [38].
This study also showed that 70% of men younger than
50 years old were found to have arterial calcification, and
the prevalence increased to 92% between the ages of 50
and 60 and further increased to 98% between the ages of
60 and 70 [38]. All of these results further demonstrate
that vascular calcification may develop at an accelerated
rate in females after menopause. In multivariable analy-
sis, the postmenopausal status was not an independent
risk factor for vascular calcification in women, which may
be partly because oestrogen reduction is also related to
obesity. Hence, the increased BMI may mask the effects
of menopause. This is consistent with the phenomenon
that females with polycystic ovary syndrome (mainly
combined with decreased oestrogen and obesity) usually
have a higher risk of CVD [41].

For females, our results also showed that there was a
statistically significant difference in UA between the
ABI (—) and ABI (+) groups in the univariate compari-
son. The mean level of serum UA in the ABI (4) group
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was much higher than that in the ABI (—) group, and
this significant association persisted in the multivariate
analysis after adjusting for potential confounders. Some
studies proposed that asymptomatic hyperuricaemia
was independently associated with the severity of coro-
nary calcification [48, 49] and that the serum level of UA
showed a positive correlation with the abdominal aortic
calcification score in a dose—response manner [50, 51]. In
our current study, increased UA was also an independ-
ent risk factor for vascular calcification for females, and
each 1.0 mg/dl increase in serum UA was associated
with a 1.545-fold increased risk of vascular calcifica-
tion. Therefore, we speculate that the increased level of
serum UA plays an important role in vascular calcifica-
tion in females. UA is an end product of purine catabolic
metabolism. The serum level of UA may be influenced
by exogenous ingestion, endogenous production by the
liver, and renal excretion. However, the serum level of
UA is determined mainly by dietary intake (high purine
diet) in the general population [52]. Therefore, clinical
indicators are closely related to lifestyle habits and diet
in the general population. It has been proved that the
Mediterranean diet may reduce the risk of CVD by 29%
over a 5-year period [53]. ESC guidelines indicate that
all people<50 years old with elevated CVD risk factors
should pay attention to lifestyle behaviours (with empha-
sis on avoiding smoking, being overweight and sedentary
behaviour) to reduce CVD risk factors [40]. Our results
also proved that physical inactivity was an independent
risk factor for vascular calcification and that dietary hab-
its played a pivotal role in vascular calcification because
elevated UA (high purine) and LDL-C (high-fat diet)
were all independent risk factors for vascular calcifica-
tion. Meanwhile, BMI was an independent risk factor
for vascular calcification in both men and women in the
current study. This result is consistent with research per-
formed in the general population of South China show-
ing that BMI is an effective predictor for high ABI values
[28]. Therefore, we can conclude that lifestyle interven-
tion may play a pivotal role in controlling the progression
of vascular calcification.

Since our study was a survey of the general popula-
tion, there was no difference in calcium and phospho-
rus levels between the vascular calcification group and
the nonvascular calcification group in both men and
women. However, patients with certain diseases, such
as CKD patients suffering from hyperphosphatemia,
diabetes mellitus [17], or hyperlipidaemia [18], may
carry a greater risk for developing vascular calcification
than the general population. In the current study, we
analysed the serum calcium, serum phosphorus, TG,
TC, renal function, and history of diabetes, but we did
not assess the exact levels of blood glucose, which may
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be associated with the ABI value [54]. Therefore, addi-
tional studies are required to further investigate the
relationship between blood glucose and vascular calci-
fication. Furthermore, the results of this study are only
applicable to the general population. Further studies
are needed to identify predictors for the target popula-
tion with a certain disease.

A high ABI value is a marker of subclinical vascular
conditions, including atherosclerosis, vessel stiffness,
and calcification [55]. Therefore, a high ABI value can
be used as a method for screening vascular calcification
with the advantages of being highly portable, inexpen-
sive, and requiring no radiation. However, it cannot dis-
tinguish the specific vascular calcification bed. Doppler
ultrasound can be used to determine the location of the
calcified vessels, but it can only be applied to superficial
vessels. Although plain X-ray, computed tomography, or
magnetic resonance imaging can provide the location of
the calcified vessel beds, these methods may expose the
individuals to substantial radiation. Therefore, we sug-
gest the use of the ABI as a method to screen for vascular
calcification and identify individuals who are at high risk
of vascular calcification. Then, Doppler ultrasonography,
planar radiographs, computed tomography or magnetic
resonance imaging can be performed to provide more
detailed information about calcified vascular beds for
high-risk individuals. Meanwhile, targeted preventive
interventions can be carried out for high-risk individuals
according to the results of risk factor analysis to delay the
progression of vascular calcification.

In summary, risk assessment of vascular calcification
based on the ABI is of great significance for the early
diagnosis and treatment of vascular calcification-related
CVD events. Targeted preventive interventions for vas-
cular calcification should also be considered in the gen-
eral population. The impending clinical and economic
burden of high-risk populations can be curbed by pro-
moting healthy lifestyle behaviours and addressing clini-
cal risk factors.

Conclusions

The prevalence of vascular calcification based on the ABI
is also high in the general population. The prevalence of
vascular calcification in males is much higher than that in
females, and the risk factors for vascular calcification are
different in males and females. Increased age, BMI, and
elevated DBP are independent risk factors for vascular
calcification in males. Increased BMI, UA, LDL-C, and
a lack of exercise are independent risk factors for vascu-
lar calcification in females. Attention should be given to
strengthening the prevention and control of vascular cal-
cification in the general population.
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Limitations

The present study exhibits some limitations. Our study
was a single-centre cross-sectional study that can only
provide correlation relationships rather than causal-
ity relationships. Some unmeasured or unknown fac-
tors may also be associated with the ABI value. Thus,
multicentre prospective cohort studies with more com-
prehensive indicators are needed to further verify our
results and clarify the cause-and-effect relationships.

Abbreviations

ABI: Ankle-brachial index; BMI: Body mass index; SBP: Systolic blood pressure;
DBP: Diastolic blood pressure; TG: Triglyceride; HDL-C: High-density lipoprotein
cholesterol; UA: Uric acid; TC: Total cholesterol; LDL-C: Low-density lipoprotein
cholesterol; eGFR: Estimated glomerular filtration rate; OR: Odds ratio; Cl:
Confidence interval; CVD: Cardiovascular disease; CKD: Chronic kidney disease;
PAD: Peripheral artery disease; mmHg: Millimetres of mercury; ESC: European
Society of Cardiology; ESH: European Society of Hypertension.

Acknowledgements
Not applicable.

Author contributions

SNC, NL, YJG: Data collection. SNC, NL: Data analysis. SNC, YJG, HLJ, YS: Wrote
the first draft. HLJ, YS: Critical revisions of the manuscript and final manuscript
approval. All authors read and approved the final manuscript.

Funding

The manuscript was supported by the National Natural Science Foundation
of China (81200541); "PRO-Run" Fund of the Nephrology Group of CEBM
(KYS2021-03-02--9); Key Research and Development Program of Shaanxi
(2020KW-043).

Availability of data and materials

The data analysed during the current study are not publicly available because
there are many other kinds of information in our recruited dataset; however,
the data are available from the corresponding author upon reasonable
request.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with the Declaration of Helsinki
and approved by the ethics committee of the First Affiliated Hospital of Xi'an
Jiaotong University. Informed consent was obtained from all subjects.

Consent for publication
All the subjects provided consent for publication.

Competing interests
The authors declare that there are no conflicts of interest regarding the publi-
cation of this article.

Author details

'Department of Blood Purification, Kidney Hospital, The First Affiliated Hospital
of Xi'an Jiaotong University, West Yanta Road No. 277, Xi'an 710061, Shan-

nxi, China. ?Department of Ultrasound, The First Affiliated Hospital of Xi'an
Jiaotong University, Xi'an 710061, Shaanxi, China. >Department of Nephrology,
Kidney Hospital, The First Affiliated Hospital of Xi'an Jiaotong University, West
Yanta Road No.277, Xi'an 710061, Shannxi, China.

Received: 16 February 2022 Accepted: 6 May 2022
Published online: 18 May 2022

Page 10 of 11

References

1. Piepoli F. 2016 European Guidelines on cardiovascular disease prevention
in clinical practice: The Sixth Joint Task Force of the European Society of
Cardiology and Other Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of 10 societies and by
invited experts). Int J Behav Med. 2017;24(3):321-419.

2. ZhaoH, Zheng C, Gan K, Qi C, Ren L, Song G. High body mass index and
triglycerides help protect against osteoporosis in patients with type 2
diabetes mellitus. J Diabetes Res. 2020;2020:1517879.

3. LiuJ,WangK, Liu H, Zhao H, Huang W, Zhao N, Li L, Wang H. Cross-sec-
tional relationship between carotid-femoral pulse wave velocity and bio-
markers in vascular-related diseases. Int J Hypertens. 2020,2020:6578731.

4. ShiZ,Wang J, Chen S, Dai H, Huang Y. Relationship between A1166C
polymorphism of angiotensin Il type 1 receptor gene and arteriosclerosis:
a protocol for systematic review and meta-analysis. Medicine (Baltimore).
2021;100(4):e24407.

5. Visona A, De Paoli A, Fedeli U, Tonello D, Zalunardo B, Zanatta N, Martini R,
Pesavento R, Cuppini S, Prior M, et al. Abnormal ankle-brachial index (ABI)
predicts primary and secondary cardiovascular risk and cancer mortality.
Eur J Intern Med. 2020;77:79-85.

6. Mahé G, Lanéelle D, Le Faucheur A. Postexercise ankle-brachial index
testing to diagnose peripheral artery disease. JAMA. 2021;325(1):89.

7. Paskiewicz A, Wang FM, Yang C, Ballew SH, Kalbaugh CA, Selvin E,
Salameh M, Heiss G, Coresh J, Matsushita K. Ankle-brachial index and
subsequent risk of severe ischemic leg outcomes: the ARIC study. J Am
Heart Assoc. 2021;10(22):2021801.

8. Hsu PC, Huang JC, Lee WH, Chen YC, Wu PY, Tsai WC, Chen SC, Su HM.
Usefulness of ankle-brachial index calculated using diastolic blood pres-
sure and mean arterial pressure in predicting overall and cardiovascular
mortality in hemodialysis patients. Int J Med Sci. 2021;18(1):65-72.

9. AboyansV, Criqui MH, Abraham P, Allison MA, Creager MA, Diehm C,
Fowkes FGR, Hiatt WR, Jonsson B, Lacroix P, et al. Measurement and
interpretation of the ankle-brachial index: a scientific statement from the
American Heart Association. Circulation. 2012;126(24):2890-909.

10. Espitia O, Chatelais M, Steenman M, Charrier C, Maurel B, Georges S, Houl-
gatte R, Verrecchia F, Ory B, Lamoureux F, et al. Implication of molecular
vascular smooth muscle cell heterogeneity among arterial beds in arte-
rial calcification. PLoS ONE. 2018;13(1):e0191976.

11. Alves-Cabratosa L, Elosua-Bayes M, Garcfa-Gil M, Comas-Cufi M, Marti-
Lluch R, Ponjoan A, Blanch J, Parramon D, Gomez-Marcos MA, Ramos R.
Hypertension and high ankle brachial index: the overlooked combina-
tion. J Hypertens. 2019;37(1):92-8.

12. TakahashiT, Tomiyama H, Aboyans V, Kumai K, Nakano H, Fujii M, Shiina
K, Matsumoto C, Yamashina A, Chikamori T. Association of pulse wave
velocity and pressure wave reflection with the ankle-brachial pressure
index in Japanese men not suffering from peripheral artery disease.
Atherosclerosis. 2021;317:29-35.

13. Diehm C, Allenberg JR, Pittrow D, Darius H. Stellenwert des Knodchel-
Arm-Index (ABI) in der Pravention kardiovaskuldrer Erkrankungen. Herz.
2007;32(5):404-9.

14. Rocha-Singh KJ, Zeller T, Jaff MR. Peripheral arterial calcification:
prevalence, mechanism, detection, and clinical implications. Catheter
Cardiovasc Interv. 2014;83(6):E212-20.

15. Bartella AK, Luderich C, Kamal M, Braunschweig T, Steegmann J, Modab-
ber A, Kloss-Brandstétter A, Holzle F, Lethaus B. Ankle brachial index
predicts for difficulties in performing microvascular anastomosis. J Oral
Maxillofac Surg. 2020;78(6):1020-6.

16. Lanzer P, Boehm M, Sorribas V, Thiriet M, Janzen J, Zeller T, St Hilaire C,
Shanahan C. Medial vascular calcification revisited: review and perspec-
tives. Eur Heart J. 2014;35(23):1515-25.

17. Millan A, Lanzer P, Sorribas V. The thermodynamics of medial vascular
calcification. Front Cell Dev Biol. 2021,9:633465.

18. MaW-Q, Sun X-J, ZhuY, Liu N-F. Metformin attenuates hyperlipidaemia-
associated vascular calcification through anti-ferroptotic effects. Free
Radic Biol Med. 2021;165:229-42.

19. Sekikawa A, Shin C, Curb JD, Barinas-Mitchell E, Masaki K, El-Saed A, Seto
TB, Mackey RH, Choo J, Fujiyoshi A, et al. Aortic stiffness and calcifica-
tion in men in a population-based international study. Atherosclerosis.
2012,222(2):473-7.



Chen et al. BMC Cardiovascular Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

(2022) 22:227

Otsuka F, Sakakura K, Yahagi K, Joner M, Virmani R. Has our understanding
of calcification in human coronary atherosclerosis progressed? Arterio-
scler Thromb Vasc Biol. 2014;34(4):724-36.

Bakris G, Ali W, Parati G. ACC/AHA Versus ESC/ESH on hypertension guide-
lines: JACC guideline comparison. J Am Coll Cardiol. 2019;73(23):3018-26.
Chung W-S, Kung P-T, Chang H-Y, Tsai W-C. Demographics and medical
disorders associated with smoking: a population-based study. BMC Public
Health. 2020;20(1):702.

Hamaguchi M, Kojima T, Ohbora A, Takeda N, Fukui M, Kato T. Protective
effect of alcohol consumption for fatty liver but not metabolic syndrome.
World J Gastroenterol. 2012;18(2):156-67.

Fukuda T, Hamaguchi M, Kojima T, Ohshima Y, Ohbora A, Kato T, Naka-
mura N, Fukui M. Association between serum y-glutamyltranspeptidase
and atherosclerosis: a population-based cross-sectional study. BMJ Open.
2014;4(10):2005413.

Hou L, Li M, Wang J, LiY, Zheng Q, Zhang L, Yao Q, Zhang J, Dong S, Zhou
M, et al. Association between physical exercise and stroke recurrence
among first-ever ischemic stroke survivors. Sci Rep. 2021;11(1):13372.

Ribi K, Aldridge J, Phillips KA, Thompson A, Harvey V, Thirlimann B,
Cardoso F, Pagani O, Coates AS, Goldhirsch A, et al. Subjective cognitive
complaints one year after ceasing adjuvant endocrine treatment for
early-stage breast cancer. Br J Cancer. 2012;106(10):1618-25.

Han M, Baik M, Kim YD, Choi J, Seo K, Park E, Heo JH, Nam HS. Low ankle-
brachial index is associated with stroke recurrence in ischemic stroke
patients with atrial fibrillation. Front Neurol. 2021;12: 705904.

Zhang Y, Chen J, Zhang K, Wang T, Kong M, Chen R, Liu Y, Chen J, Wang
Z,Wang J, et al. Combination of high ankle-brachial index and hard
coronary heart disease Framingham Risk Score in predicting the risk of
ischemic stroke in general population. PLoS ONE. 2014;9(9):e106251.

Sun J,Sun R, Jiang Y, Chen X, Li Z, Ma Z, Wei J, He C, Zhang L. The relation-
ship between psychological health and social support: Evidence from
physicians in China. PLoS ONE. 2020;15(1):e0228152.

BiY,Wang L, XuY, Jiang Y, He J, Zhang M, Zhou M, Li Y, Xu M, Lu J, et al.
Diabetes-related metabolic risk factors in internal migrant workers

in China: a national surveillance study. Lancet Diabetes Endocrinol.
2016;4(2):125-35.

Lancee M, Schuring M, Tijdink JK, Chan A-W, Vinkers CH, Luykx JJ. Selec-
tive outcome reporting across psychopharmacotherapy randomized
controlled trials. Int J Methods Psychiatr Res. 2021;15:21900.

Bayman EO, Dexter F. Multicollinearity in Logistic Regression Models.
Anesth Analg. 2021;133(2):362-5.

Malhotra R, Mauer AC, Lino Cardenas CL, Guo X, Yao J, Zhang X, Wunderer
F, Smith AV, Wong Q, Pechlivanis S, et al. HDAC9 is implicated in ath-
erosclerotic aortic calcification and affects vascular smooth muscle cell
phenotype. Nat Genet. 2019;51(11):1580-7.

Bos D, Vernooij MW, de Bruijn RFAG, Koudstaal PJ, Hofman A, Franco

OH, van der Lugt A, lkram MA. Atherosclerotic calcification is related to

a higher risk of dementia and cognitive decline. Alzheimers Dement.
2015;11(6):256.

Saritas T, Reinartz SD, Nadal J, Schmoee J, Schmid M, Marwan M, Achen-
bach S, Stork S, Wanner C, Eckardt K-U, et al. Epicardial fat, cardiovascular
risk factors and calcifications in patients with chronic kidney disease. Clin
Kidney J. 2020;13(4):571-9.

He X, Jiang H, Gao F, Liang S, Wei M, Chen L. Indoxy! sulfate-induced calci-
fication of vascular smooth muscle cells via the PI3K/Akt/NF-kB signaling
pathway. Microsc Res Tech. 2019;82(12):2000-6.

He X, Wang Z, Wei L, Cheng X, Chen L, Gao F, Jiang H. Indoxyl sulfate
promotes osteogenic differentiation of vascular smooth muscle cells by
miR-155-5p-dependent downregulation of matrix Gla protein via ROS/
NF-kB signaling. Exp Cell Res. 2020;397(1):112301.

Allison MA, Criqui MH, Wright CM. Patterns and risk factors for systemic
calcified atherosclerosis. Arterioscler Thromb Vasc Biol. 2004;24(2):331-6.
lida M, Harada S, Takebayashi T. Application of metabolomics to
epidemiological studies of atherosclerosis and cardiovascular disease. J
Atheroscler Thromb. 2019;26(9):747-57.

Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M,
Benetos A, Biffi A, Boavida J-M, Capodanno D, et al. 2021 ESC Guidelines
on cardiovascular disease prevention in clinical practice. Eur Heart J.
2021,42(34):3227-337.

Kuo K, Roberts VHJ, Gaffney J, Takahashi DL, Morgan T, Lo JO, Stouffer

RL, Frias AE. Maternal high-fat diet consumption and chronic

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 11 of 11

hyperandrogenemia are associated with placental dysfunction in female
rhesus macaques. Endocrinology. 2019;160(8):1937-49.

LvYB, Gao X, Yin ZX, Chen HS, Luo JS, Brasher MS, Kraus VB, Li TT, Zeng

Y, Shi XM. Revisiting the association of blood pressure with mortality in
oldest old people in China: community based, longitudinal prospective
study. BMJ. 2018;361: k2158.

El-Mahdy MA, Abdelghany TM, Hemann C, Ewees MG, Mahgoup EM,

Eid MS, Shalaan MT, Alzarie YA, Zweier JL. Chronic cigarette smoke
exposure triggers a vicious cycle of leukocyte an endothelial-mediated
oxidant stress that results in vascular dysfunction. Am J Physiol-Heart C.
2020;319(1):H51-65.

Yang G, Li Y, Wu W, Liu B, Ni L, Wang Z, Miao S, Wang L, Liu C. Anti-oxidant
effect of heme oxygenase-1 on cigarette smoke-induced vascular injury.
Mol Med Rep. 2015;12(2):2481-6.

Hashimoto H, Maruhashi T, Yamaji T, Harada T, Han Y, Takaeko Y, Kihara Y,
Chayama K, Goto C, Aibara Y, et al. Smoking status and endothelial func-
tion in Japanese men. Sci Rep. 2021;11(1):95.

Cahill PA, Redmond EM. Alcohol and cardiovascular disease-modulation
of vascular cell function. Nutrients. 2012;4(4):297-318.

Kim MK, Shin J, Kweon SS, Shin DH, Lee YH, Chun BY, Choi BY. Harmful
and beneficial relationships between alcohol consumption and subclini-
cal atherosclerosis. Nutr Metab Cardiovas. 2014;24(7):767-76.

Kim H, Kim SH, Choi AR, Kim S, Choi HY, Kim HJ, Park HC. Asymptomatic
hyperuricemia is independently associated with coronary artery calcifica-
tion in the absence of overt coronary artery disease: a single-center
cross-sectional study. Medicine (Baltimore). 2017,96(14):e6565.

Andrés M, Quintanilla MA, Sivera F, Sénchez-Paya J, Pascual E, Vela P,
Ruiz-Nodar JM. Silent monosodium urate crystal deposits are associated
with severe coronary calcification in asymptomatic hyperuricemia: an
exploratory study. Arthritis Rheumatol. 2016;68(6):1531-9.

Li YW, Chen WL. Clinical relevance of serum uric acid and abdominal aor-
tic-calcification in a national survey. Clin Cardiol. 2020;43(10):1194-201.
Yan W, Sun G, Luo A, Lin S, Wang J, Zhang Q, Jiang J, Zhang M, Wang F,
Tan W. Serum uric acid is independently associated with aortic arch cal-
cification in a cross-sectional study of middle-aged and elderly women.
Nutr Metab Cardiovasc Dis. 2020;30(6):932-8.

Jun JE, Lee YB, Lee SE, Ahn JY, Kim G, Jin SM, Hur KY, Lee MK, Kang MR,
Kim JH. Elevated serum uric acid predicts the development of moderate
coronary artery calcification independent of conventional cardiovascular
risk factors. Atherosclerosis. 2018;272:233-9.

Estruch R, Ros E, Salas-Salvadd J, Covas M-I, Corella D, Arés F, Gomez-
Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, et al. Primary prevention

of cardiovascular disease with a Mediterranean diet. N Engl J Med.
2013;368(14):1279-90.

Hua S, Loehr LR, Tanaka H, Heiss G, Coresh J, Selvin E, Matsushita K. Ankle-
brachial index and incident diabetes mellitus: the atherosclerosis risk in
communities (ARIC) study. Cardiovasc Diabetol. 2016;15(1):163.

Nunley KA, Rosano C, Ryan CM, Jennings JR, Aizenstein HJ, Zgibor JC,
Costacou T, Boudreau RM, Miller R, Orchard TJ, et al. Clinically relevant
cognitive impairment in middle-aged adults with childhood-onset type
1 diabetes. Diabetes Care. 2015;38(9):1768-76.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Prevalence and risk factors for vascular calcification based on the ankle-brachial index in the general population: a cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Research subjects
	Data collection
	Statistical analysis

	Results
	Prevalence of vascular calcification based on the ABI in males and females
	Comparison of baseline characteristics between the ABI (−) and ABI (+) groups for males and females
	Multicollinearity analysis of the variables associated with vascular calcification
	Multivariate logistic regression analysis of vascular calcification in males and females
	Evaluation of the multivariate logistic regression model

	Discussion
	Conclusions
	Limitations
	Acknowledgements
	References


