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Aims: The association between a low ankle brachial index (ABI) and mortality and vascular morbid-
ity in Japanese individuals with diabetes and the independence of this association from other risk fac-
tors have not yet been examined in the primary care setting among a large number of patients.
Methods: An observational prospective cohort study was performed among 3,004 Japanese individu-
als (2,598 patients with diabetes) to examine all-cause death and cardiovascular disease (CVD) in 
relation to low ABI (＜0.9) values and other risk factors. 
Results: Low ABI values were found in 127 subjects (4.2%) and was associated with smoking, diabe-
tes, hypertension, pulse pressure, glycosylated hemoglobin A1C, lipid profiles, glomerular filtration 
rate, uric acid and prevalent CVD at baseline. Over 13,242 person-years, 93 deaths and 117 cases of 
CVD occurred. In a multivariate Cox regression analysis, the hazard ratio for low-normal ABI values 
was 3.97 (95% CI, 2.29 to 6.88) for all-cause death and 2.86 (95% CI, 1.83-4.49) for fatal and non-
fatal CVD and all-cause death. Similar hazard ratios were found when the subjects were confined to 
those with diabetes. All risk analyses indicated that age, a low ABI, diabetes, a history of CVD and 
smoking remained significantly and independently predictive of CVD and all-cause death.
Conclusions: A low ABI exhibits significant cross-sectional associations with conventional risk factors 
and further more with the glomerular filtration rate, uric acid level and presence of prevalent CVD at 
baseline, and a low ABI independently predicts subsequent death and cardiovascular events. These 
findings support the concept that a low ABI is an integrated marker of an excess risk of death and 
cardiovascular events, independent of conventional risk factors.
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Introduction

The ankle brachial index (ABI) represents the 
ratio of the ankle to brachial systolic pressure. In 
patients with atherosclerotic stenosis in the lower 
extremities, the decreased pressure in the ankle arteries 
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results in a lower ABI. The detection of a low ABI is 
useful for confirming the diagnosis and severity of 
peripheral artery disease (PAD) in the legs and is 
reportedly associated with an increased risk of all-
cause death and cardiovascular disease (CVD) in the 
general population in Western countries1-5). The valid-
ity of a low ABI may be decreased in patients with 
diabetes, as the ankle pressure may be elevated due to 
medial arterial calcification and/or arterial stiffening, 
which occur more frequently in diabetes6). However, 
most prospective studies that have investigated the 
predictive value of a low ABI in patients with CVD 
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surement at their first visit as a baseline routine exami-
nation (N=3501). Subjects who discontinued the vis-
its within three months, primarily due to visiting 
other hospitals or moving to other cities, were excluded, 
leaving 3,004 subjects (non-diabetes: 406, type 2 dia-
betes: 2,572, type 1 diabetes: 26) eligible for this 
cohort. Those who discontinued visits were similar to 
the remaining patients with respect to clinical features. 
The study protocol was approved by the local ethics 
committee and carried out in accordance with the 
Helsinki Declaration Ⅱ.

Baseline Examinations
A short physical examination and medical his-

tory assessment were performed at baseline in each 
patient. The presence of prevalent CVD at baseline 
included a history of coronary heart disease (CHD), 
cerebrovascular disease and/or PAD. The definition of 
CVD was the same as that described below. The 
smoking status was defined as current or not. Type 2 
and type 1 diabetes was defined according to the Japan 
Diabetes Society criteria. Blood pressure (BP) was 
measured in the sitting position after a rest of more 
than five minutes. Hypertension was defined as a BP 
of ≥140/90 mmHg or the current use of antihyperten-
sive agents. Non-fasting blood samples were obtained 
for measurements of the glycosylated hemoglobin A1c 
level (HbA1c, normal range: 4.6-6.2%) and serum cre-
atinine (Cr), uric acid and lipid concentrations. Dys-
lipidemia was defined as a serum concentration of 
total cholesterol of ≥ 220 mg/dL, triglycerides of ≥ 150 
mg/dL or high-density lipoprotein (HDL) cholesterol 
of ＜40 mg/dL and/or the current use of lipid-lower-
ing agents. The non-HDL cholesterol level was calcu-
lated by subtracting the HDL cholesterol level from 
the total cholesterol level. The serum concentration of 
Cr was measured using an enzymatic method. The 
estimated glomerular filtration rate (eGFR) was calcu-
lated using the following equation proposed by the 
Japanese Society of Nephrology: eGFR (ml/min per 
1.73 m2)=194×(age [years])−0.287×(serum Cr [mg/
dL])−1.094×0.739 (if female). 

The ABI was measured at baseline under stan-
dardized conditions. Doppler-assisted systolic blood 
pressure measurements were obtained from the bra-
chial and posterior tibial arteries on both sides using 
12-cm cuffs (Colin Co., Ltd., Komaki, Japan). The 
ABI was calculated for each leg using the highest ankle 
pressure divided by the highest systolic brachial pres-
sure. An ABI of ＜0.9 in either leg was considered 
abnormal. Although an ABI of ＞1.4 has been indi-
cated to be abnormally high as a result of poor arterial 
compressibility due to arterial stiffening and calcifica-

included less than 500 subjects with diabetes3, 7-12), and 
some studies have indicated that the association 
between a low ABI and mortality in Caucasians is 
weak among subjects with diabetes compared to that 
observed in those without diabetes5, 8, 13). While ethnic 
differences profoundly affect the prevalence of PAD10), 
no such prospective studies have been performed in 
Japanese subjects, who are characterized by a lower 
prevalence of PAD than Caucasian individuals14-16). A 
large-scale study of Japanese individuals including 
subjects with diabetes is needed to elucidate the asso-
ciation and predictive value of a low ABI with respect 
to the incidence of CVD.

In the primary care setting, screening for low 
ABI values is strongly recommended in subjects with 
diabetes, as these patients are often asymptomatic due 
to diabetic neuropathy, even when complicated with 
PAD7, 17). However, this recommendation has not 
been universally embraced, and measurement of the 
ABI is rarely applied in routine clinical practice18). We 
have obtained measurements of the ABI at the first 
visit to the clinic in routine clinical practice for more 
than 10 years. The present study investigated the cross-
sectional associations between low ABI values and 
other cardiovascular risk factors at baseline and 
assessed the prognostic value of a low ABI for predict-
ing death and cardiovascular events. This study 
included a large number of Japanese subjects with and 
without diabetes and explored whether the impact of 
a low ABI on outcomes is independent of other car-
diovascular risk factors.

Subjects and Methods

Patient Recruitment
A prospective cohort study was performed to 

investigate the associations between low ABI values 
and cardiovascular risk factors at baseline and whether 
a low ABI is predictive of all-cause death and cardio-
vascular events independent of other risk factors. The 
health care system in Japan provides healthcare ser-
vices with the patient accepting responsibility for 30% 
of the cost and the government paying the remaining 
70%. Payment for personal medical services is offered 
through a universal health care insurance system that 
provides relative equality of access. Patients are free to 
select physicians or facilities of their choice. All con-
secutive patients 20 years of age or older who visited 
the outpatient clinic of Jiyugaoka Internal Medicine 
between 2001 and 2011 were enrolled in this study. 
The study was performed in a primary care setting. All 
of the subjects, most of whom had type 2 diabetes, 
hypertension or dyslipidemia, underwent ABI mea-
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tion according to the ABI group was summarized with 
Kaplan-Meier curves. Cox regression models examin-
ing the effects of a low ABI on each event rate were 
adjusted for potential confounders. As to potential 
confounders, the conventional risk factors of age sex, 
BMI and smoking status were entered in the model, 
and diabetes, hypertension, dyslipidemia, eGFR and a 
past history of CVD were additionally considered. 
P-values under 5% (two-tailed) were considered to be 
significant. All analyses were performed using the sta-
tistical software package SPSS (SPSS Japan Inc., 
Tokyo, Japan).

Results

Baseline Data
Among the 3,004 subjects, 127 (4.2%) had low 

ABI values, including four patients with symptoms of 
PAD. Table 1 shows the baseline characteristics 
according to the ABI group. The patients with a low 
ABI were significantly older and had higher rates of 
diabetes, hypertension and a history of CHD, stroke 
and PAD, higher pulse pressure values and non-HDL 
cholesterol, triglyceride and uric acid levels and lower 
DBP, HDL and eGFR values. Data were available for 
98.5% or more of the patients. The prevalence of a 
low ABI among the subjects with diabetes was 4.6% 
(120/2598), which was significantly higher than the 
1.7% (7/406) observed in those without diabetes 
(p =0.01). Smoking was significantly associated with a 
low ABI following adjustment for age, sex and body 
mass index (BMI) (OR 1.87, 95%CI 1.27-2.77, p＜
0.001). A logistic regression analysis performed fol-
lowing adjustment for age, sex, BMI and smoking 
revealed that a low ABI was significantly associated 
with diabetes, a history of CHD, stroke and PAD, 
higher pulse pressure values and HbA1c, non-HDL 
cholesterol, triglyceride and uric acid levels and lower 
diastolic pressure, HDL cholesterol and eGFR values.

Follow-Up
During a mean observation period of 4.4 years 

(range, 0.3-11.7), 93 deaths and 117 cardiovascular 
events (coronary heart disease: 39, stroke: 52, PAD: 5, 
sudden death: 21) occurred. A total of 866 subjects 
(28.8%) were lost to follow-up before reaching the 
end of study period in whom being free from events 
until the final visit was confirmed. The incidence of 
each outcome according to the ABI group is shown in 
Table 2. Compared with the subjects with an ABI of 
≥ 0.9, those with an ABI of ＜0.9 had a significantly 
increased risk of an outcome event. When the analysis 
was confined to subjects with diabetes, a low ABI was 

tion3), there were only 16 subjects in this cohort; 
therefore, this parameter was not defined separately.

Main Outcomes
The subjects attended the clinic monthly and 

were followed from the baseline visit until the end of 
observation (August, 2012) or an event. Fatal and 
non-fatal CVD events included onset of coronary 
heart disease (CHD), ischemic cerebrovascular stroke 
and PAD. Information regarding the onset of cardio-
vascular events and the cause of death was provided by 
the medical doctors (e.g., cardiologists, neurologists 
and vascular surgeons) who managed the event. Three 
outcomes were assessed: 1) all-cause death, 2) the 
occurrence of cardiovascular events and 3) composite 
endpoints, including death and the occurrence of car-
diovascular events. 

Diagnosis of CVD
Non-fatal CHD included acute myocardial 

infarction with survival of more than 24 hours after 
the onset of symptoms, percutaneous coronary inter-
vention, coronary artery bypass and new-onset unsta-
ble angina pectoris. A non-fatal ischemic stroke was 
defined as an acute focal neurological deficit lasting 
for longer than 24 hours. PAD was diagnosed in cases 
involving intermittent claudication with confirmation 
of an ABI of ＜0.9 or significant peripheral artery ste-
nosis on angiography and/or leg amputation above the 
ankle due to diabetes. We classified sudden death as a 
cardiovascular event, unless there was a clear non-vas-
cular cause. An independent panel, working with the 
endpoint adjudication committee, assessed all poten-
tial endpoints and classified them in accordance with 
the predefined criteria.

Statistical Analysis
The data are expressed as the mean±SD, unless 

otherwise stated. For comparisons between two 
groups, unpaired Student’s t-test, the Mann-Whitney 
U test for variables with a skewed distribution and the 
χ2 test for categorical variables were used. A logistic 
regression analysis was used to assess the associations 
between the baseline risk factors and the concomitant 
presence of a low ABI following adjustment for the 
traditional cardiovascular risk factors of age, sex, BMI 
and smoking status. The follow-up time was calcu-
lated as the time between the baseline examination 
and either the date of the main outcome or the end of 
observation (December 31, 2011). For subjects who 
discontinued clinic attendance, the date of the final 
visit in cases in which no occurrence of events was 
confirmed was employed. The time to event distribu-
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cular events and all-cause death according to the ABI 
group are illustrated with Kaplan-Meier curves (Fig.1).

The hazard ratios for the composite endpoint are 
shown in Table 3. The multivariate Cox regression 
analysis including all variables in Table 3 revealed age, 
a low ABI, diabetes, a history of CVD and smoking to 
be independently and significantly predictive of the 
outcome. In order to explore the effects of a low ABI 

found to exhibit independent associations with all 
three outcomes (adjusted HR [95% CI]; 4.15 (2.34-
7.34); 2.50 (1.41-4.42); 2.85 (1.80-4.51), respectively 
for each outcome), which remained significant, even 
after adjustment for diabetes, hypertension, dyslipid-
emia, eGFR and a past history of CVD, in addition to 
age, sex, BMI and smoking. The times to event for all-
cause death and the composite endpoint of cardiovas-

Table 2. Person-years (PY) at risk, number of cases and incidence (/1,000 person-years) of all-cause death, fatal and non-fatal car-
diovascular events and the composite endpoint of death and cardiovascular events, according to the ABI group

Endpoint N PY 
at risk

No. of 
cases

Incidence
(95% CI)

Adjusted HR 
(95% CI)

All-cause death

Fatal and non-fatal cardiovascular event

Cardiovascular event and all-cause death

ABI ≥ 0.9
ABI ＜0.9
ABI ≥ 0.9
ABI ＜0.9
ABI ≥ 0.9
ABI ＜0.9

2877
127

2877
127

2877
127

12814
427

12859
396

12859
396

74
19

101
16

156
25

5.8 (4.5-7.2)
44.5 (27.0-68.6)

7.9 (6.4-9.5)
40.4 (23.3-64.8)
12.1 (10.3-14.2)
63.1 (41.3-91.8)

3.97 (2.29-6.88)

2.79 (1.60-4.87)

2.86 (1.83-4.49)

The HR was computed using a multivariate Cox regression analysis adjusted for age, sex, BMI and smoking. 

Table 1. Clinical characteristics of the subjects according to the ABI group at baseline 

ABI ≥ 0.9
N =2877

ABI＜0.9
N =127

OR 
(adjusted, 95%CI)

Age, years
Male, %
BMI, kg/m2

Smoking
Diabetes, %
Hypertension, %
Antihypertensive agents, %
Dyslipidemia, %
Lipid lowering agents, %
Systolic BP, mmHg
Diastolic BP, mmHg
Pulse pressure, mmHg
HbA1c, %
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
Non-HDL cholesterol, mg/dL
Triglycerides, mg/dL§

eGFR, ml/min/1.73 m2

Uric acid, μmol/L
History of CHD, %
History of stroke, %
History of PAD, %

59±11
35

25.6±4.1
33.5
86

55.6
44.9
64.2
26.7

134±21
76±13
59±15

8.36±2.09
205±41

55±14
150±40

134 (91-204)
82.1±22.4
300±87

2
4
0.1

64±15‡

37
26.1±5.4

38.6
94＊

69.3†

63.8‡

70.9
32.2

136±20
70±13‡

66±21‡

8.44±2.07
207±39

50±15†

157±37＊

156 (103-237)†

71.6±29.4
316±87＊

7†

19‡

11‡

-
-
-
-

2.67 (1.23-5.86)＊

1.36 (0.91-2.03)
1.66 (1.12-2.45)＊

1.34 (0.90-1.99)
1.30 (0.88-1.91)
1.00 (0.99-1.01)
0.97 (0.95-0.98)‡

1.02 (1.01-1.03)†

1.09 (1.01-1.19)＊

1.00 (1.00-1.01)
0.97 (0.95-0.99)‡

1.01 (1.00-1.01)†

3.26 (1.57-6.76)†

0.98 (0.97-0.99)†

1.20 (1.05-1.37)†

2.65 (1.26-5.57)＊

4.03 (2.45-6.63)‡

142.6 (30.5-666.4)‡

The odds ratios (ORs) indicate the effects of the risk factors on the presence of a low ABI at baseline, as identified by a multiple 
logistic regression analysis following adjustment for age, sex, BMI and smoking. ＊p＜0.05, †p＜0.001, ‡p＜0.0001. §Due to the 
skewed distribution, the median (interquartile range) is shown, and the OR indicates per log10 (triglycerides).
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increasing11). The prevalence of diabetes and the num-
ber of elderly subjects with diabetes are also increasing 
in Japan, and 30-40% of people with diabetes 
smoke13). Only 3.1% (4/127) of such patients had 
symptoms of PAD among the subjects with a low ABI 
in this study, and underdiagnosis of PAD in primary 
care practice can be a barrier to effective secondary 
prevention of the high ischemic cardiovascular risks 
associated with PAD4, 19). Therefore, screening for low 
ABI values in routine clinical practice will become 
more important and possibly essential, particularly in 
individuals with diabetes and those receiving care for 
primary prevention of CVD.

The present study only incorporated the baseline 
measurements of ABI and other cardiovascular risk 
factors. Approximately 30-50% of the subjects had 
already received blood pressure- and/or lipid-lowering 
agents at baseline. This study did not investigate the 
effects of treatment, and further treatment was admin-
istered during the follow-up period (data not shown). 
It is presumed that a low ABI at baseline remains a 
risk factor for a poor outcome, even after the adminis-
tration of aggressive treatment, which further rein-
forces the importance of routinely measuring the ABI.

We found a low ABI to be a risk factor, indepen-
dent of other cardiovascular risk factors. Only a few 
studies have investigated the predictive value of a low 
ABI according to the presence or absence of CVD risk 
factors3, 12). In the present study, a low ABI was found 
to be an independent significant risk factor among 

on the presence or absence of each risk factor, the 
adjusted hazard ratios of a low ABI according to each 
risk group are shown in Table 3. The effects of a low 
ABI on the outcome were significant with respect to 
an age ≥ 70 years, diabetes, hypertension and no his-
tory of CVD or obesity. The effects of a low ABI 
remained significant irrespective of risk factors such as 
smoking, eGFR, gender and dyslipidemia.

Discussion

We found that the detection of a low ABI in rou-
tine clinical practice is highly predictive of all-cause 
death and cardiovascular events based on the results of 
our large-scale study of Japanese individuals, including 
subjects with and without diabetes. The predictive 
effect was significant and independent not only of 
conventional risk factors, but also a low eGFR and 
prevalent CVD, and remained significant in the sub-
jects without a history of CVD. This study suggests 
that, even in a population characterized by a lower 
prevalence of obesity and PAD13-15) and a lower inci-
dence of CHD and PAD13), the detection of a low 
ABI is useful for identifying diabetic subjects that 
should be targeted for multifactorial intensive treat-
ment in the primary care setting in terms of improv-
ing all-cause mortality and cardiovascular morbidity. 

The prevalence of PAD is higher in individuals 
with diabetes than in those without, as observed in 
this and other studies5, 7, 10, 18), and is reportedly 

3004 2926 2204 1874 1556 1261 1003

Numbers at risk
3004 2615 2181 1835 1513 1226 970

Numbers at risk

ABI≥0.9
ABI≥0.9

ABI<0.9 ABI<0.9

Fig.1. Event-free survival according to the ABI group for all-cause death (A) and the composite endpoint of car-
diovascular events and all-cause death (B). The Kaplan-Meier analysis shows significant differences 
between the two curves for the two outcomes (p＜0.0001 according to the log-rank test, respectively). 

A B



579ABI and Cardiovascular Disease in Diabetes and Non-Diabetes

Several limitations of the present study should be 
mentioned. First, we should acknowledge the small 
number of events in the non-diabetic subjects, who 
demonstrated a lower prevalence of a low ABI. Sec-
ond, the generalizability of the subjects should be dis-
cussed. The incidence of all-cause death and cardio-
vascular events observed in the subjects with and with-
out diabetes in this cohort was slightly lower and/or 
almost the same as that observed in Japanese popula-
tions reported in other studies23-26). These facts sup-
port the generalizability of the cohort. Third, approxi-
mately 29% of the participants were lost to follow-up 
because they moved to other cities/clinics or discon-
tinued clinic attendance. We were unable to evaluate 
their further outcomes because no regional or national 
registries for death and disease identification systems 
are available in Japan. In order to minimize this inher-
ent problem, a life-table analysis was used to cover the 

subjects with an age of ≥ 70, hypertension, a BMI of 
＜25 and no history of CVD, which is in agreement 
with the findings of some, but not all previous stud-
ies3, 12), whereas most other studies did not specifically 
examine this issue. While the present subjects with a 
low ABI more often exhibited a history of CVD, we 
found that a low ABI was predictive of CVD among 
the subjects without prevalent CVD. 

It was interesting to find an association between 
hyperuricemia and a low ABI in the baseline analysis. 
This is the first report of such an association to our 
knowledge, and the results are in line with the find-
ings of several studies showing a relationship between 
the serum uric acid level and the development of ath-
erosclerotic disease20, 21). A significant association 
between a reduced eGFR and a low ABI has previ-
ously been reported22), and this finding was confirmed 
in our study at baseline. 

Table 3. Association of a low ABI and cardiovascular risk factors with subsequent development of the composite endpoint (all-cause 
death and cardiovascular events)

Risk factor No. PY＊ at risk No. of cases Incidence
(95%CI)

HR of risk factor
(adjusted, 95%CI)

HR of low ABI 
(adjusted, 95%CI)

Age (≥ 70 yr) No
Yes

2473
531

10971
2013

108
73

9.8 (8.1-11.9)
36.3 (28.5-45.4)

3.11 (2.20-4.41) 1.14 (0.45-2.88)
3.75 (2.04-6.90)

ABI＜0.9 No
Yes

2877
127

12589
396

156
25

12.1 (10.3-14.2)
63.1 (41.3-91.8)

2.52 (1.54-4.12) -
-

Diabetes No
Yes

406
2598

1483
11501

8
173

5.4 (2.3-10.6)
15.0 (12.9-17.4)

2.41 (1.18-4.94) 2.29 (0.10-50.68)
2.22 (1.32-3.73)

History of CVD No
Yes

2822
181

12262
723

193
39

15.7 (13.6-18.1)
53.9 (38.6-73.0)

1.87 (1.24-2.82) 2.99 (1.55-5.79)
1.77 (0.83-3.77)

Smoking (current) No
Yes

1961
998

8448
4506

116
65

13.7 (11.4-16.4)
14.4 (11.1-18.3)

1.42 (1.02-1.97) 2.16 (1.16-4.01)
2.40 (1.03-5.59)

eGFR 
(＜60 ml/min/1.73 m2)

No
Yes

2555
425

11145
1799

128
53

11.5 (9.6-13.6)
29.5 (22.1-38.4)

1.43 (0.99-2.07) 2.51 (1.21-5.19)
2.53 (1.30-4.93)

Hypertension No
Yes

1314
1687

5074
7203

60
121

11.8 (9.0-15.2)
16.8 (14.0-20.0)

1.35 (0.97-1.88) 3.06 (0.99-9.51)
2.49 (1.44-4.32)

BMI (≥ 30 kg/m2) No
Yes

2596
408

11299
1685

158
23

14.0 (11.9-16.3)
13.6 (8.7-20.4)

1.06 (0.67-1.67) 3.21 (1.90-5.42)
0.94 (0.20-4.36)

Male sex No
Yes

1957
1047

8771
4214

132
49

15.1 (12.6-17.8)
11.6 (8.6-15.4)

0.83 (0.59-1.18) 2.53 (1.44-4.45)
2.92 (1.04-8.23)

Dyslipidemia No
Yes

1068
1936

4726
8258

80
101

16.9 (13.4-21.0)
12.2 (10.0-14.8)

0.72 (0.53-1.01) 4.14 (1.89-9.10)
1.98 (1.05-3.72)

The hazard ratio of each risk factor is indicated as the result of a Cox regression analysis adjusted for all variables in the Table. The hazard ratio of a 
low ABI according to the presence or absence of each risk factor is simultaneously indicated as the result of a Cox regression analysis adjusted for all 
variables in the Table.
＊PY: person-years
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