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Aims: This study elucidates the association of macroangiopathy development in type 2 diabetes patients with
various arteriosclerosis risk factors (ARFs) and results of cardio-ankle vascular index (CAVI) and ankle-brachial
pressure index (ABI).

Methods: The correlation between current and past macroangiopathy development, with ARFs or CAVI/ABI
data, was retrospectively analyzed using multivariate logistic regression in 816 patients with type 2 diabetes at a
single center. C-statistics combining some independent variables selected using the stepwise method were evalu-
ated.

Results: CAVI was significantly correlated with macroangiopathies, including coronary artery disease (CAD),
arteriosclerosis obliterans (ASO), and stroke with odds ratios (OR) of 1.20, 1.22, and 1.19, respectively. ABI sig-
nificantly correlated with ASO and stroke with respective OR of 13.6 and 2.47, but not with CAD. Areas under
the receiver operating characteristic curves (ROCs) revealed the accuracy of detecting ASO and stroke was
increased by the combination of CAVI+ABI (0.94 and 0.74, respectively). However, areas under the ROC for
the presence of CAD can be increased by the combination of CAVI and ARFs especially including dyslipidemia.

Conclusion: CAVI/ABI and some ARFs are useful tools in daily clinical care units to identify the current and
past existence of macroangiopathy in patients with type 2 diabetes, but the prediction weights using these factors
were different among CAD, ASO, and stroke.
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Other important complications are coronary artery

Introduction disease (CAD), stroke, and arteriosclerosis obliterans

The number of diabetic patients is increasing each
year. It is important for these patients to prevent con-
comitant development of complications by maintain-
ing a healthy lifestyle and a good quality of life. Dia-
betic retinal disease, nephropathy, and neuropathy are
the three major complications and are caused by micro-

angiopathy".

(ASO), which are categorized to macroangiopathy?.
Because arteriosclerosis gradually and silently worsens
over time, and the incidence of related complications
is markedly higher in diabetic patients, early and strict
control of related arteriosclerosis risk factors (ARFs) is
important to prevent macroangiopathy, particularly in
diabetic patients®*®. Predicting the development of mac-
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roangiopathy with high probability is, however, diffi-
cult during daily medical treatment of patients in clin-
ics.

The cardio-ankle vascular index (CAVI)® and
ankle-brachial pressure index (ABI)® have been widely
used to evaluate arterial stiffening and arterial steno-
sis/obstruction, and both indices are considered useful
for preventing macroangiopathies. Although many re-
ports have suggested that CAVI and ABI are useful di-
agnostic tools for macrovascular complications’”, there
are few reports on the correlation between these indi-
ces and the development of each macroangiopathy while
taking ARFs into account. Many clinicians need pre-
diction methods for macroangiopathy based on a com-
bination of ABI, CAVI, and ARFs, especially those in
small clinics without large diagnostic instruments such
as tomographic (CT) and magnetic resonance imaging
(MRI). That is, simple, non-invasive, reproducible, low-
cost vascular function tests may better predict mac-
roangiopathies in small clinics.

In this study, we have focused on how to predict
the concomitant development of macroangiopathy in
diabetic patients in a single clinical unit without using
CT, MR, or other diagnostic special equipment. Thus,
we investigated the relationship between current and
past development of macroangiopathies and ARFs,

CAVI, or ABI.

Methods

Study Design and Patients

This was a single-center, retrospective, observa-
tional study approved by the Ethical Committee of
Sapporo Medical Association (Hokkaido, Japan) and
the institutional review board of Niwa Diabetic Care
Clinic (Hokkaido, Japan). The contents of the present
study were posted in the clinic. A total of 816 patients
(females, 293, males, 523) with type 2 diabetes, who
visited the clinic from March to May in 2016 and
underwent CAVI and ABI examinations, were enrolled
in this study. The data at the most recent visit before
the end of study were collected for each patient. The
patients’ backgrounds, including the current and past
development of cardiovascular events, and ARFs such
as dyslipidemia (DL, LDL cholesterol: 140 mg/dL<,
HDL cholesterol: 40 mg/dL>, triglyceride: 150 mg/
dL<), hypertension (HT, systolic blood pressure: > 140
mmHg, diastolic blood pressure: >90 mmHg), hyper-
uricemia (HU, 7.0 mg/dL <), or smoking habit at the
time of diagnosis, were determined from their clinical
records. CAVI with a normal range of <8.0 was deter-
mined by using a small sized vascular screening system
(VS1500AE, Fukuda Denshi Co., Ltd., Tokyo Japan),

which is available in almost clinics in Japan” ¥. ABI

Table 1. Patient background characteristics

Factor Mean =SD
Age (year) 59.3%11.6
Body weight (kg) 67.7%+13.9
BMI (kg/m?) 25.5+4.0
HbA1lc (%) 7.87%1.82
SBP (mmHg) 143.3%£19.4
DBP (mmHg) 89.3+10.7
Heart rate 68.1+14.3
ABI 1.12£0.10
CAVI 9.2+1.8
Complication %?*
ASO 3.3
CAD 16.8
Stroke 10.3
Any of macroangiopathy 26.7
ARF %"
Dyslipidemia 81.1
Hypertension 66.9
Hyperuricemia 7.0
Smoking§ 32.8

n==816; ¥, ratio of the number of patients with complications and
ARF; ¥, smoking history or status is unclear in one patient

ABI, ankle brachial pressure index; ARF, arteriosclerotic risk factor;
ASO, arteriosclerosis obliterans; BMI, body mass index; CAD, angina/
myocardial infarction; CAVI, cardio ankle vascular index; DBP, dia-
stolic blood pressure; SBP, systolic blood pressure

was used to screen for ASO and subjects were divided
into four groups according to ABI (high ankle pres-
sure group, >1.40; normal group, 1.00< but <1.40;
normal but borderline group, 0.90< but <1.00; sus-
pected ASO group, <0.90)'?. ABI was simultaneously
measured using the same equipment (VS1500AE).

Macroangiopathy including ASO, CAD, and
stroke was diagnosed by specialists and recorded in the
medical history. ASO is defined by the absence of
pulse of dorsalis pedis, posterior tibial artery, and/or
popliteal artery, and the presence of intermittent clau-
dication. CAD includes myocardial infarction, coro-
nary artery stenosis (more than 75%), or history of cor-
onary intervention, and stable angina. Stroke includes
brain hemorrhage, cerebral infarction, and transient
ischemic attack.

The correlation between each macroangiopathy
and the patients’ backgrounds (ARFs, CAVI, and ABI)

was investigated.
Statistical Analysis

The correlation between the ARFs or the mea-
surement results of CAVI and ABI and the develop-
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Table 2. Correlation of each factor with the presence of any of macroangiopathy

Current and past onset of macroangiopathy§

Factor P value
None Exist

Age 57.4%11.6 64.4+9.7 <0.001
ABI 1.13+0.08 1.08+0.13 <0.001
CAVI 89%1.6 10.1£2.1 <0.001
SBP 140.9+18.4 149.9+20.5 <0.001
DBP 88.9%+10.8 90.4=10.6 0.068
Heart rate 67.4+14.7 70.1+12.9 0.019
HbAlc 7.93+1.90 7.69%1.55 0.091
Body weight 68.2+14.8 66.5+10.9 0.123
BMI 25.6*x4.1 25.4%3.6 0.520

Each value represents the mean * standard deviation (SD).

ABI, ankle brachial pressure index; BMI, body mass index; CAVI, cardio ankle vascular index; DBP,
diastolic blood pressure; HbAlc, hemoglobin Alc; SBP, systolic blood pressure;

§, Macroangiopathy includes arteriosclerosis obliterans, angina/myocardial infarction, or stroke. The
number of macroangiopathies was 0 for “None” and 1 to 3 for “Exist”.

(No. of patients, 7=816)

Table 3. Correlation of the presence of each macroangiopathy and CAVI

CAVI

Complicziion e)i:i;:z:; Zlfl(cili[s):ie Mean + SD Paluc*
o ozseazy <001

ASO, arteriosclerosis obliterans; CAD, angina/myocardial infarction, CAVI, cardio ankle vascular
index, §; Welch two sample #-test, Number of patients: 816

ment of macroangiopathy was analyzed using the Welch
two sample #-test and multivariate logistic regression.
The stepwise procedure was used as the variable selec-
tion method. Additionally, evaluation was performed
for C-statistics in which some independent variables
were combined. The statistical analysis software used
was R, and pROC was used as a statistical analysis
package'". P values less than 0.05 were considered a
significant difference.

Results

Overall, 816 patients were enrolled with an aver-
age age of 59.3 years, body mass index (BMI) 25.5 kg/
m?, and the HbAlc level 7.87% (Table 1). Twenty-
four percent (196 of 816) of the patients suffered from
macroangiopathy, and the incidence of CAD was the
highest (16.8%) on the patients. In most of the pres-
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ent cases, there was no incompatibility between the
medical history of macroangiopathy and the clinical
presentation/auscultation results. Among ARFs, con-
comitant DL was the highest (662 of 816 patients,
81.1%), and the rates of HT and smoking were 66.9%
and 32.8%, respectively. The values of ABI and CAVI
were 1.12+0.10 and 9.2 % 1.8, respectively. The CAVI
values obtained in this study corresponded to those at
the age of 64.2+15.3 years, which was 4.9 years higher
than the actual age. These results indicate that the
arteries in patients with macroangiopathy were stiffer
than those in patients without the disease. The ABI
value for the most of the patients (88.6%) was nor-
mal, while 9.1% (»=74) of patients were in the bor-
derline group and 2.2% (7 =18) were in the suspected
ASO group. CAVI, ABI, and most of ARFs except
HbAlc, body weight, and BMI were significantly cor-
related with macroangiopathy (Table 2). We next
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Fig. 1. Relationship between the number of the complications per patient and
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%k P<0.001; 7=number of patients; ANOVA test

investigated the correlation between the existence of
each macroangiopathy and the CAVI values (Table 3).
The CAVI value of patients with ASO, CAD, or
stroke were significantly higher than those of the
patients without macroangiopathy (2<0.001). Addi-
tionally, patients with a greater number of macroangi-
opathies resulted in a significantly higher CAVI com-
pared to patients with fewer macroangiopathies (Fig. 1).

Finally, we analyzed the data using multivariate
logistic regression analysis to elucidate how important
the CAVI and ABI measurements are for each type of
macroangiopathy (Table 4). ABI <0.9 was the highest
risk factor associated with ASO and stroke with respec-
tive odds ratios (OR) of 426 and 4.26 (<0.001),
and the ABI threshold (>0.9 but <1.0) was also sig-
nificantly associated with those macroangiopathies.
However, ABI was not an independent variable for
CAD. DL, SBP, DBP, male sex, and CAVI were the
independent variables, and DL was the largest risk fac-
tor for CAD with an OR of 1.91. HT was a signifi-
cant risk factor for stroke with an OR of 2.00, and
male sex was a significant risk factor for ASO and
CAD with respective ORs of 6.05 and 1.77. A higher
CAVI value was a significant risk factor for all mac-
roangiopathies (ASO, CAD, and stroke; Tables 3 and 4).

ROC:s of various independent variables for mac-
roangiopathy were examined (Fig.2). Areas under the

ROC:s of ABI, CAVI, and CAVI+ABI for the exis-

tence of ASO were 0.92, 0.70, and 0.94, respectively.
Similarly, stroke could be predicted from ABI and CAVI
results. Areas under the ROCs of CAVI, ABI, and
CAVI+ABI were 0.68, 0.60, and 0.74, respectively.
Accuracy for area under the ROCs was increased by
combining variables. Areas under the ROCs of CAVI,
CAVI+HT +age + male sex, and CAVI+HT +age+
male sex+ DL were 0.68, 0.70, and 0.71, respectively,
for the existence of CAD.

Discussion

We investigated the association of diabetic mac-
roangiopathies with CAVI/ABI levels or various ARFs.
Reports have described the association of CAVI/ABI,
and ARFs with macroangiopathies in patients with or
without diabetes'*". In those studies, the investiga-
tors mainly evaluated the usefulness of ABI/CAVI and
some ARFs to diagnose macroangiopathies and to deter-
mine disease conditions. In the present study, we inves-
tigated the ‘quantitative’ importance of the CAVI/ABI
or ARFs to predict future macroangiopathy develop-
ment in patients with type 2 diabetes. Previous reports
and the present study showed that the macroangiopa-
thy development could be detected by CAVI, ABI, and
most ARFs (except for the risk factor of increased body
mass). The reason for no relationship with increased
body mass is equivocal, but it could be related to post-
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Table 4. Association of the ARFs and the macroangiopathy measurement results

Partial regression

95% confidence

Complication Risk factor coefficient < SE Odds ratio interval P value
ASO
ABI classification [T. <0.9] 6.05+0.76 426 91.9 to 1970 <0.001
ABI classification [T. <1.0 but >0.9] 2.61£0.61 13.6 4.16 to 44.70 <0.001
Male (female) 1.80+0.86 6.05 1.11 to 32.9 <0.05
CAVI 0.20+0.10 1.22 1.00 to 1.49 <0.05
Height -0.11+0.05 0.89 0.81 to 0.98 <0.05
CAD
Hyperlipidemia 0.64%0.28 1.91 1.10 to 3.31 <0.05
Male 0.57%0.23 1.77 1.14 to 2.76 <0.05
CAVI 0.18%0.06 1.20 1.07 to 1.35 <0.01
Age 0.03+0.01 1.03 1.01 to 1.05 <0.01
SBP 0.01%0.01 1.01 1.00 to 1.02 <0.05
Stroke
ABI classification [T. <0.9] 1.45+0.54 4.26 1.47 to 12.30 <0.001
ABI dlassification [T. < 1.0 but >0.9] 0.90+0.33 2.47 1.30 to 4.69 <0.001
Hypertension 0.69+0.32 2.00 1.06 to 3.77 <0.01
CAVI 0.19+0.06 1.19 1.05 to 1.35 <0.001
Age 0.03+0.01 1.03 1.01 to 1.06 <0.001
Any of macroangiopathy
ABI dlassification [T.<0.9] 3.03+0.84 20.7 3.98 to 10.8 <0.001
ABI classification [T. <1.0 but >0.9] 1.11+0.28 3.02 1.75 to 5.23 <0.001
Hypertension 0.75%0.21 2.13 1.40 to 3.23 <0.001
Male 0.64+0.20 1.91 1.29 to 2.81 <0.01
CAVI 0.26%0.06 1.29 1.14 to 1.47 <0.001
Age 0.04+0.01 1.04 1.02 to 1.06 <0.001

ABI, ankle brachial pressure index; ASO, arteriosclerosis obliterans; CAVI, cardio ankle vascular index; SBE, systolic blood pressure; SE, standard error

prandial hyperglycemia resulting from reduced insulin
secretion levels or relatively easier ectopic visceral fat
depositing because of a reduced ability to store fat
subcutaneously in the Asian population?2?.

The present study demonstrated that CAVI re-
sulted in a significantly high value in patients with
macroangiopathy complications (Table 3); the increase
depended on the number of macroangiopathies (Fig. 1).
Although ABI values were likely to be more reliable
than CAVI to predict the existence of ASO and stroke,
the combination values of CAVI and ABI provided
better diagnostic efficiency and gave most accurate
prediction for ASO and stroke but not CAD (Table 4,
Fig.2).

The degree of involvement of HT in stroke and
ASO found in this study was compatible with previ-
ous epidemiological studies performed in Japan and
throughout the world 2. Large-scale prospective stud-
ies, including Japan Diabetes Complications Study and
United Kingdom Prospective Diabetes Study, have
shown that a lipid abnormality is most likely involved
in the development of CAD?"?®, and treatment of

620

DL is useful as a primary and secondary prevention for
cardiovascular events®”3?. In this study, 662 of 816
patients (81.1%) had DL, and the highest OR was
obtained for the complication of DL in the multivari-
ate analysis in CAD.

In clinical practice, clinicians frequently measure
CAVI and ABI at the same time in Japan, but rarely
combine them because both methods have indepen-
dent evaluation criteria. In this study, we measured
CAVI and ABI simultaneously and examined whether
future macroangiopathy development can be predicted
by combining with appropriate ARFs. As a result, we
can show the evaluation’s effectiveness by combining
multiple inspection data. Thus, this study demon-
strated that the ABI and CAVI values, accompanied
by classical risk factors, may help clinicians in a gen-
eral internal medicine clinic to refer patients to the
appropriate hospital or division to prevent developing
or aggravating complications. Appropriately predict-
ing complications using a non-invasive and low-cost
examination will reduce patients’ mental and economic
burdens.
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Fig.2. ROC:s of various independent variables for ASO, CAD, stroke, and the presence of any macroan-

giopathy

Figures in parentheses represent area under the curve. ABI, ankle-brachial pressure index; ASO, arteriosclerosis
obliterans; CAVI, cardio-ankle vascular index; HbAlc, hemoglobin Alc; DL, dyslipidemia; HT, hypertension;
MI, myocardial infarction; ', CAVI+ABI +age + HT + HbAlc, ¥ CAVI+ ABI+ male + age+HT

The major limitation of this study is the authors
may have missed a macroangiopathy diagnosis. Although
macroangiopathy often progresses asymptomatically,
its existence in the present study was based on review
of the patients’ medical records. Some invasive exami-
nations, such as coronary angiography, computed tomo-
graphy, or magnetic resonance angiography, are re-
quired to diagnose the macroangiopathy more accu-
rately. Another limitation was this cross-sectional study

at a single clinic, and the ARFs were already treated
using medication, and thus, they were almost con-
trolled. Although it is difficult to perform this trial pro-
spectively in practice, a multicenter prospective study
for a long duration would confirm these results. There
is a possibility that Monckeberg type arteriosclerosis
exists especially in the lower limb arteries in DM pa-
tients whose ABI is apparently normal or high. Since
this is an important point and limitation of this study,
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we should take care in the interpretation of ABI data.
The results of ROCs for each independent vari-
able and their combination provide further support
for the usefulness of CAVI, ABI, and other risk factors
as predictors of future development of macroangiopa-
thy complications in patients with diabetes. In conclu-
sion, we can predict macroangiopathy development
with a high probability in routine medical care in clin-
ics, based on data from ABI and CAVI, and other risk
factors including male sex, age, SBP, HT, and DL.
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