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Objective: To investigate the correlation between limb artery indices (brachial-ankle pulse 
wave velocity and ankle-brachial index), endothelial function index (FMD value), and the 
degree of coronary artery stenosis in diabetic patients and analyze their values in predicting 
the degree of coronary artery stenosis.
Methods: The study included 151 patients with type 2 diabetes mellitus and suspected coronary 
atherosclerotic heart disease. The patients were divided into “coronary atherosclerotic heart 
disease” (N=94) and “non-coronary atherosclerotic heart disease” (N=57) groups based on the 
coronary angiographic findings. Within the coronary atherosclerotic heart disease group, the 
patients were further divided into “low stenosis” (N=47) and “high stenosis” (N=47) subgroups 
according to their Gensini score. Indicators such as brachial-ankle pulse wave velocity, ankle- 
brachial index, and FMD value were measured and correlated with the degree of coronary artery 
stenosis. Logistic regression models were constructed and receiver operating characteristic 
curves plotted to assess the predictive ability of limb artery and endothelial functional indices 
for the degree of coronary artery stenosis.
Results: In a diabetic population, FMD value (P=0.003), ankle-brachial index (P=0.004), 
and brachial-ankle pulse wave velocity (P=0.003) were different in patients with and without 
coronary atherosclerotic heart disease. In the population with both diabetes mellitus and 
coronary atherosclerotic heart disease, the ankle-brachial index and FMD value were both 
independently associated with the degree of coronary artery stenosis (P=0.003). The area 
under the receiver operating characteristic curve plotted from the combined coefficients of 
ankle-brachial index and FMD value was 0.773, which is predictive of coronary artery 
stenosis in diabetic patients.
Conclusion: Ankle-brachial index and FMD value are indicative of the degree of coronary 
artery stenosis in diabetic patients, and predictive efficacy can be improved by combining the 
two tests.
Keywords: type 2 diabetes mellitus, coronary artery stenosis, limb artery testing, vascular 
endothelial function, clinical predictive model

Introduction
Diabetes is one of the major risk factors for cardiovascular events.1 Vascular health 
in diabetes patients with coronary atherosclerotic heart disease (CHD) is worse than 
in patients with CHD alone. They have more complications and more severe target 
organ damage, and require earlier evaluation and initiation of treatment. Coronary 
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angiography is currently the most effective and reliable 
method for determining the condition of coronary arteries, 
and the Gensini score is widely used to quantitatively 
evaluate the degree of coronary artery stenosis. 
Meanwhile, relevant vascular functional tests performed 
outside the body, such as those that assign limb artery 
index and vascular endothelial function index, have the 
advantage of being easy to perform, convenient and non-
invasive, and studies have confirmed that their index levels 
correlate with cardiovascular events.2 However, whether 
they can be used to predict coronary artery stenosis is 
uncertain. In this report, we analyze the ability of limb 
artery indices, including brachial-ankle pulse wave velo-
city (baPWV), ankle-brachial index (ABI) and endothelial 
function index (brachial artery flow-mediated vasodilata-
tion-FMD value) to predict the degree of coronary artery 
stenosis, and explore their utility in evaluating the degree 
of coronary artery stenosis in a diabetic population.

Patients and Methods
Selection Method
A type 2 diabetes population attending the Department of 
Integrative Cardiology at China-Japan Friendship Hospital 
from 2019-01 to 2020-01 was retrospectively selected, in 
which patients with suspected CHD were included in the 
study. Patients with acute complications of diabetes melli-
tus, contraindications to coronary angiography, inability to 
cooperate with arterial vascular examination, combined 
acute infection, severe cardiac arrhythmia, severe abnor-
mal liver and kidney function, severe diseases of the 
hematopoietic and endocrine systems, pregnant status, 
lactating, and those whose data collection was hindered 
by mental or verbal factors were excluded. After coronary 
angiography, the patients were diagnosed as “CHD” or 
“non-CHD”, and the patients with CHD were divided 
into “low stenosis” and “high stenosis” subgroups accord-
ing to the calculated Gensini score, with the cutoff point 
being the median Gensini score of the population in the 
“CHD” group.

Diagnostic Criteria
Diagnostic Criteria of Diabetes Mellitus
Referring to the “Classification and Diagnosis of Diabetes: 
Standards of Medical Care in Diabetes-2020” published by 
the American Diabetes Association,3 patients were diag-
nosed with type 2 diabetes mellitus after glucose 
monitoring.

Diagnostic Criteria of CHD
According to the

Nomenclature and criteria for diagnosis of ischemic heart 
disease. Report of the Joint International Society and 
Federation of Cardiology/World Health Organization task 
force on standardization of clinical nomenclature, 4 

CHD was diagnosed when coronary angiography showed 
≥50% stenosis in at least one coronary artery.

Research Methods
Basic Information
Clinical information was recorded based on the patients’ 
general condition and included demographic information 
(sex, age, height, weight, smoking history); comorbidities 
(hypertension, heart failure, atrial fibrillation); and coron-
ary artery lesions as well as the patients’ main symptoms.

Index Testing
Venous blood was collected from patients who had fasted 
on the morning of the second day after admission, and 
glycosylated hemoglobin (HbA1c), hypersensitive 
C-reactive protein (Hs-CRP), total cholesterol (TC), and 
low-density lipoprotein cholesterol (LDL-C) were mea-
sured in the Department of Laboratory Medicine of China- 
Japan Friendship Hospital. Echocardiography was then 
carried out by two independent echocardiographers who 
measured common parameters, including 2D ultrasound, 
left ventricular end-diastolic diameter (LVIDd), left ven-
tricular posterior wall thickness (PWTd), and septal thick-
ness (SWTd), according to the DEVEREUX-corrected 
ventricular mass formula:5 LVM (g)=0.8 × {1.04 
[(LVIDd+ PWTd+ SWTd)3- LVIDd 3]}+0.6g, and the 
body surface area formula: BSA (m2)=0.0061× height 
(cm) + 0.0128× weight (kg) - 0.1529, calculating the left 
ventricular mass index (LVMI)=LVM/BSA.

Coronary Angiography
Coronary angiography was performed by a team of skilled 
cardiologists. When coronary angiography showed at least 
one coronary artery stenosis ≥50%, the patient was diag-
nosed as the “CHD” group, and those who did not meet 
the criteria were designated the “non-CHD” group.

Gensini Score
Using the results of coronary angiography, lesions in dif-
ferent vessels were recorded, and the final Gensini score 
was calculated according to the “Guide for Gensini Score 
calculation”.6 For patients diagnosed with CHD, the 
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median Gensini score within the group was counted and 
used to classify the degree of coronary artery stenosis into 
“low stenosis” and “high stenosis” subgroups.

Examination of Limb Arteries
An atherosclerosis detector made by OMRON, Japan was 
used, and basic parameters such as age, sex, height, and 
weight were entered. The limb arteries of patients were 
examined before coronary angiography between 0800 and 
1000 h after 8–12 h fasting. All vasodilator drugs were 
stopped on the day of examination. The instrument auto-
matically analyzed and recorded the pulse waveforms of 
the brachial and anterior tibial arteries, and the blood 
pressure of the upper and lower extremities bilaterally, 
and finally reported baPWV and ABI.

Examination of Vascular Endothelial Function
An instrument manufactured by UNEX, Japan, was used for 
testing vascular endothelial function. Patients were examined 
before coronary angiography between 0800 and 1000 h after 
8–12 h fasting, and all vasodilator drugs were stopped on the 
same day. The procedure was started with patients in a supine 
position in a quiet individual room, and were rested for 5 
min. Using limb lead electrocardiographic monitoring, the 
brachial artery was located in the right upper arm, a pressure 
cuff was placed 5-cm above the transverse elbow stripe, and 
blood flow was monitored by ultrasound after determining 
the position of the brachial artery and attaching a probe. 
Doppler images of flow in the brachial artery were recorded 
during deflation of the cuff to obtain the FMD value.

Statistical Processing
SPSS 21.0 and MedCalc 19.6.1 software were used for analy-
sis. Normally distributed data were expressed as mean ± stan-
dard deviation, non-normal distributions were expressed as 
median and quartiles, and count data were expressed as per-
centages. When comparing the sample means of two groups, 
the independent samples t-test was used for normally distrib-
uted data, the rank sum (Kruskal–Wallis H) test was used for 
non-normally distributed data, and the chi-square test was used 
for count data. The linear regression equation associated with 
the main findings of the examinations was firstly constructed 
with the Gensini score as the dependent variable, and further 
multifactorial logistic regression analysis was used to deter-
mine the correlation between baPWV, ABI, FMD and the 
degree of coronary artery stenosis. A combined equation was 
constructed to plot the receiver operating characteristic curve 
(ROC) of the indices for single and combined indices, calculate 

the area under the curve (AUC), and compare differences in the 
sizes of the AUC of each index by the DeLong method. This 
combined equation was used to evaluate the predictive ability 
of the tests of limb artery and endothelial function for the 
degree of coronary artery stenosis in diabetic patients. The 
maximum value of the coordinates of each point on the ROC 
curves was taken to obtain the best cutoff point, while the 
corresponding sensitivity, specificity, positive and negative 
likelihood ratios were obtained and the Youden index was 
calculated to indicate the veracity of the model. Finally, each 
index and joint coefficient was compared with the Gensini 
score, and Cohen’s kappa coefficient was used to judge con-
sistency. Differences were considered statistically significant 
when P<0.05. Based on preliminary data collection, sample 
size was calculated using Power Analysis and Site Size 
Calculation V.11.0 software. The research was approved by 
the Ethics Committee for Clinical Research of China-Japan 
Friendship Hospital (No.2018-59-K43). Our study was con-
ducted in accordance with the Declaration of Helsinki. Patient 
consents were waived as the study did not collect information 
regarding patient privacy or identifiable features.

Results
Basic Clinical Information of the 
Population
As shown in Table 1, there were no differences in overall age, 
gender, and body mass index between patients with CHD 
compared with those without CHD, and the proportion of 
comorbidities with atrial fibrillation and heart failure was 
similar, and no significant differences were seen in Hs-CRP 
and HbA1c. Patients with CHD had a greater history of 
hypertension (P=0.003) and smoking (P=0.018), a higher 
Gensini score (P<0.01), and a greater LVMI (P=0.019). 
Notably, TC and LDL-C levels were higher in the non-CHD 
group (P<0.01), reflecting the fact that patients often lack 
strict lipid management in the absence of a diagnosis of CHD.

Statistical Analysis of the Main Study 
Factors
As shown in Table 2, the ABI and FMD values were signifi-
cantly lower in patients with CHD (P=0.004, P=0.003, respec-
tively), while baPWV was higher in comparison with non- 
CHD patients (P=0.003). In multifactorial logistic regression 
with “CHD” as the dependent variable (Table 3), the results 
indicated that ABI (P=0.019), FMD value (P=0.014), and 
baPWV (P=0.010) were independently associated with 
CHD. We further expressed the degree of coronary artery 
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stenosis by the Gensini score and entered the main observed 
indices as independent variables in a multifactorial linear 
regression model (Table 4). The model showed that only 
ABI (P<0.001) and FMD value (P=0.001) were significantly 
associated with the Gensini score, while baPWV was excluded 
from the model because of its insignificant association 
(P=0.275). These results demonstrate that ABI, FMD value, 
and baPWV are all correlated with CHD, and the first two can 
more accurately predict the degree of coronary artery stenosis.

Statistical Analysis of the Main Study 
Indicators Between Subgroups
In patients with CHD, the Gensini score was used to determine 
the degree of coronary artery stenosis, and a median score of 24 

was used as a cutoff point to classify a “high stenosis” sub-
group with a Gensini score ≥24 and a “low stenosis” subgroup 
with a Gensini score <24. As shown in Table 5, analysis of 
variance revealed significant differences in ABI and FMD 
value between patients with different degrees of stenosis 
(P<0.001, P=0.001), while there was no significant variation 
in baPWV (P=0.188). To exclude interactions between factors, 
we included ABI, FMD value, and baPWV in a multifactorial 
logistic regression model with “high stenosis” status as the 
dependent variable (Table 6), and the results showed that the 
degree of coronary artery stenosis was independently asso-
ciated only with ABI and FMD value (P=0.003). Based on 
this result, a new combined equation was developed: combined 
coefficient=9.2−16.42×ABI−0.36×FMD value.

Predictive Ability of in-vitro Arterial 
Testing Methods for the Degree of 
Coronary Artery Stenosis
We further analyzed the predictive ability of the study 
indices for coronary artery stenosis. Based on the logistic 

Table 1 Basic Clinical Information of the Included Diabetic 
Patients

CHD 
(N=94)

Non-CHD 
(N=57)

P values

Sex [male, N (%)] 54 (57.4) 29 (50.9) 0.501

Age (years) 63.2±11.3 59.9±11.4 0.091

BMI (Kg/m2) 26.2±3.3 26.5±4.2 0.596

Smoking [N (%)] 47 (50.0) 17 (29.8) 0.018

Hypertension [N (%)] 82 (87.2) 38 (66.7) 0.003

Heart failure [N (%)] 12 (12.8) 2 (3.5) 0.081

Atrial fibrillation [N (%)] 5 (5.3) 1 (1.8) 0.410

Hs-CRP (mg/L) 1.98 (0.70, 

4.82)

1.80 (0.99, 

3.03)

0.688

TC (mmol/L) 3.70±0.99 4.37±1.02 <0.01

LDL-C (mmol/L) 2.20±0.77 2.69±0.74 <0.01

LVMI (g/m2) 100.67±30.73 86.66±23.66 0.019

HbA1c (%) 7.11±1.27 7.08±1.28 0.896

Gensini score 24 (9, 50) 0 (0, 2) <0.01

Abbreviations: CHD, coronary atherosclerotic heart disease; BMI, body mass 
index; Hs-CRP, hypersensitive C-reactive protein; TC, total cholesterol; LDL-C, 
low-density lipoprotein cholesterol; LVMI, left ventricular mass index; HbA1c, 
glycosylated hemoglobin.

Table 2 Comparison of the Main Study Indicators

CHD (N=94) Non-CHD (N=57) P values

ABI 1.01±0.14 1.07±0.10 0.004

baPWV (m/s) 19.67±4.37 17.65±3.43 0.003

FMD value (%) 7.42±2.20 8.49±1.91 0.003

Abbreviations: ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velo-
city; FMD value, brachial artery flow-mediated vasodilatation.

Table 3 Multifactorial Logistic Regression with “CHD” as the 
Dependent Variable

Beta OR 95% CI P values

Constant 3.99

ABI −4.04 0.67 0.48–0.93 0.019

baPWV (m/s) 0.13 1.14 1.03–1.26 0.010

FMD (%) −0.21 0.81 0.68–0.96 0.014

Table 4 Multifactorial Linear Regression with “Gensini Score” as 
the Dependent Variable

Beta 95% CI t P values

Constant 170.27

ABI −112.31 −150.62 (−73.99) −5.79 <0.001

FMD (%) −3.89 −6.14 (−1.64) −3.41 0.001

Table 5 Comparison of the Main Study Indicators in Patients 
Within the CHD Group

High Stenosis 
(N=47)

Low Stenosis 
(N=47)

P values

ABI 0.96±0.14 1.06±0.11 <0.001

baPWV (m/s) 19.08±4.76 20.27±3.90 0.188
FMD (%) 6.65±1.68 8.19±2.40 0.001
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regression equation shown in the previous section, ROC 
curves were plotted using the ABI, FMD value, and com-
bined coefficient to diagnose coronary artery “high steno-
sis” based on the AUC for each of the curves as shown in 
Figure 1. The combined coefficient had the largest area 
under the curve (AUC=0.773, 95% confidence interval 
(CI) 0.679–0.867), followed by ABI (AUC=0.715, 95% 
CI 0.612–0.819), and FMD value (AUC=0.685, 95% CI 
0.577–0.793). The AUC of the combined coefficient was 
significantly greater than that of the FMD value (P=0.03), 
but when compared with the ABI, the difference was not 
statistically significant (P=0.20).

The best cutoff value was obtained from the ROC 
curves; the model most accurately predicted “high coron-
ary artery stenosis” in diabetic patients when the FMD 
value was ≤6.4%, ABI was ≤1.05, or the combined coeffi-
cient was ≥1.98. The accuracy of each prediction is shown 
in Table 7. We previously found that the AUC did not 

show a significant advantage over the ABI when using the 
combined coefficient for target status prediction, but the 
Youden index was calculated to be higher, indicating 
superior diagnostic effectiveness and veracity using this 
approach. In addition, the patients’ coronary artery steno-
sis status as determined by the Gensini score was used to 
test the consistency of each of the three prediction meth-
ods (FMD value, ABI, and combined coefficient). Cohen’s 
kappa coefficient was found to be highest when the com-
bined coefficient was used to predict the degree of coron-
ary artery stenosis, 0.43 (P<0.001), showing moderate to 
strong agreement with the Gensini score.

Discussion
Patients with diabetes often suffer from vascular damage, 
and CHD increases the risk of cardiovascular events. 
Timely identification of coronary artery disease is 
a clinical priority, and observation of arteries from outside 
the body, such as by carotid ultrasonography,7 can provide 
some information on the condition of the coronary arteries. 
Previous studies have reported a correlation between FMD 
value, ABI, and coronary artery lesions,8,9 with lower 
values often predicting poor coronary vascular outcomes. 
In this report, we built on these earlier results to explore 
the relationship between these arterial tests and the degree 
of coronary artery stenosis.

Consistent with previous studies, we showed that ABI, 
FMD value, and baPWV were correlated with the devel-
opment of CHD: higher baPWV and lower ABI and FMD 
values are risk factors for CHD. In contrast, baPWV was 
excluded from further analysis of the correlation between 
the impact factors and the degree of coronary artery ste-
nosis. Peripheral arterial lesions occur earlier than coron-
ary arterial lesions, and changes in stiffness of these 
vessels affect the hemodynamics of the cardiovascular 
system. In the early stages of coronary artery stenosis, 
elasticity of peripheral arteries is more variable, and in- 
vitro tests are accurate. However, in the later stages of the 
disease when severe stenosis of coronary arteries occurs 
and peripheral arteries have long been severely sclerotic, 
the accuracy of some in-vitro tests is reduced. The baPWV 
method measures elasticity of peripheral arteries using 
a pulse wave signal, which appears to rise early in the 
course of the disease before the onset of coronary artery 
stenosis.10 However, as peripheral atherosclerosis pro-
gresses, there are smaller changes in the pulse wave, and 
as a result the accuracy of baPWV detection decreases in 
the later stages of coronary artery stenosis. These effects 

Table 6 Multifactorial Logistic Regression with “High Stenosis” 
as the Dependent Variable

Beta OR 95% CI P values

Constant 9.21

ABI −6.42 0.53 0.35–0.80 0.003

FMD (%) −0.36 0.70 0.55–0.88 0.003

Figure 1 ROC curves for the “high stenosis” status of coronary arteries. Green 
line: FMD, AUC=0.685; Blue line: ABI, AUC=0.715; Red line: Combined coefficient, 
AUC=0.773; Dotted line: Reference line.
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suggest that baPWV can predict the presence of CHD only 
in early stages of the disease. In contrast, FMD value and 
ABI are measurements of diastolic function and blood 
pressure ratio of blood vessels,11 and the degree of athero-
sclerosis has less effect on the accuracy of those indices, 
resulting in a more accurate assessment of coronary artery 
stenosis. On the other hand, according to the recommenda-
tions of the American Heart Association, ABI is usually 
judged as abnormal when ≤0.9,12 although our result was 
higher due to the poor vascular condition of the diabetic 
patients. This suggests that we need stricter control inter-
vals for ABI in specific populations, and that some dia-
betic patients with seemingly normal test results should be 
screened early to facilitate timely treatment of 
vasculopathy.

Our study investigated the association of FMD and ABI 
with CHD and coronary artery stenosis in a diabetic popu-
lation; additionally, we plotted the ROC curves of FMD 
value combined with ABI as a means of evaluating the 
value of both tests in predicting coronary artery stenosis 
in the diabetic population. Compared with previous studies, 
this study had more targeted data, a larger sample size, and 
included diabetic non-CHD patients as a control group. We 
selected the best predictor based on ROC curves, showing 
that FMD value and ABI can be used alone or in combina-
tion as predictors of the degree of coronary artery stenosis. 
The combination was superior, yielding sensitivity and spe-
cificity of 70.2% and 74.5%, respectively, with good pre-
dictive fidelity and high agreement with the traditional gold 
standard indicator, the Gensini score. If other biomarkers 
indicative of vascular function, such as the level of nitric 
oxide, are introduced on this basis, the predictive value of 
the model might be further improved.

Of course, our study has some limitations, including 
enrollment of patients from only one hospital and mostly 
from the same city, which may have introduced bias into 

the clinical data. The study involved more than 150 dia-
betic patients, and although the sample size was large, 
sampling error could not be eliminated, and a series of 
prospective multicenter studies would be needed to further 
support the potential clinical use of FMD value and ABI 
for predicting the degree of coronary artery stenosis.

Conclusion
We conducted a retrospective study to explore the use of 
indices of limb artery and endothelial function to predict the 
degree of coronary artery stenosis in diabetic patients. In the 
diabetic population, ABI, FMD value, and baPWV showed 
good predictive power for the diagnosis of CHD. A more 
detailed analysis revealed significant differences in FMD 
value and ABI in patients with highly stenotic coronary 
arteries when compared with those exhibiting either little 
stenosis or no CHD, with lower levels of FMD value and 
ABI being predictive of greater coronary artery stenosis. We 
believe that the results of this study increase our understand-
ing of limb artery and endothelial functional indices, and the 
in vitro tests described herein are predictive of coronary 
artery stenosis in diabetic patients in the clinical setting.
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