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ABSTRACT
We examined whether brachial-ankle pulse wave velocity (baPWV) and ankle-brachial pres-
sure index (ABI) are predictors for mortality in diabetic patients after lower extremity
amputation. This was an observational historical cohort study of 102 Japanese diabetic
patients after first non-traumatic lower extremity amputation, with a mean age of 63 years
(standard deviation 12 years). The end-point was all-cause mortality. During the mean
follow-up period of 3.3 years, 44 patients reached the end-point. In both univariate and
multivariate analyses, baPWV (m/s) (hazard ratio [HR] 1.05 and 1.04, both P < 0.01, respec-
tively), but not ABI (HR 0.38 and 0.89, P = 0.08 and 0.86, respectively), was a significant
predictor for the end-point. When baPWV (above or below the median [21.8 m/s]) and
ABI (normal [0.9–1.4] or not) were analyzed as categorical variables, the results were similar.
In conclusion, baPWV, but not ABI, might be a predictor for all-cause mortality in diabetic
patients after lower extremity amputation.

INTRODUCTION
Mortality among patients with diabetes after lower-extremity
amputation (LEA) remains extremely high1,2; therefore, the
identification of the prognostic factors is urgently required. Sev-
eral studies have shown that brachial-ankle pulse wave velocity
(baPWV), a non-invasive marker of arterial stiffness, as well as
ankle-brachial pressure index (ABI), a marker of stenosis or
obstruction of peripheral arteries, predict mortality in patients
with diabetes3,4. However, there is no report of patients with
diabetes after LEA regarding the association of the two afore-
mentioned markers with the prognosis. Here, we aimed to
examine whether baPWV and ABI are predictors of mortality
in patients with diabetes after LEA.

MATERIALS AND METHODS
Study design and participants
This was a single-center, observational, historical cohort study
of Japanese ambulatory patients with diabetes after first non-
traumatic LEA. The present study adhered to the Declaration

of Helsinki, and was approved by the ethics committee of
Tokyo Women’s Medical University Hospital. This study used
data from a clinical information system (electronic medical
records). Amputation was defined as a complete loss in the
transverse plane of any part of the lower limb. We identified
117 consecutive patients with diabetes after first LEA as a result
of foot ulcers at the foot care unit in the Diabetes Center of
Tokyo Women’s Medical University Hospital in Tokyo, Japan,
between January 2004 and June 2014. Patients with missing
values for baseline profiles (n = 15) were excluded. Therefore,
102 patients were enrolled in this study. When each patient
underwent lower limb amputation, baPWV, ABI and blood
sample data were determined as the baseline data. Follow-up
data were collected until September 2014.

Measurements and study end-point
baPWV and ABI were simultaneously measured using an auto-
mated device (form PWV/ABI; Omron Colin Co. Ltd, Komaki,
Japan). These measurements were carried out with the patient
in the supine position after at least 5 min rest. baPWV on each
side was automatically calculated as the transmission distance
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between the brachium and ankle divided by the transit time of
the pulse wave. ABI on each side was automatically calculated
as the ratio of systolic blood pressure in the leg to that in the
higher arm. The higher values of baPWV and the lower values
of ABI for each individual were used for the analysis in the
present study. Hemoglobin A1c values obtained as the Japan
Diabetes Society values were converted to the National Glyco-
hemoglobin Standardization Program values5. Glomerular filtra-
tion rate was estimated using the modified three-variable
equation, as proposed by the Japanese Society for Nephrology6.
The end-point in the present study was all-cause mortality.

Statistical analysis
Hazard ratios were estimated using Cox proportional hazard
model analysis. In the multivariate Cox proportional hazard
model analysis, a stepwise variable-selecting procedure was car-
ried out, specifying the significant levels for entering another
explanatory variable into the model as 0.05, and that for
removing an explanatory variable from the model as 0.05,
respectively. baPWV and ABI were incorporated into the model
irrespective of P-values. The covariates were the following: age,
sex, systolic blood pressure, diastolic blood pressure, hemoglo-
bin A1c, logarithmically transformed triglycerides, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, pres-
ence of kidney dysfunction defined as estimated glomerular fil-
tration rate <60 mL/min/1.73 m2 or dialysis, history of
cardiovascular disease, history of leg revascularization, use of 3-
hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (sta-
tins), use of angiotensin-converting enzyme inhibitors or angio-
tensin II receptor blockers and amputation levels (above the
ankle or not). P-values <0.05 were considered significant. All
statistical analyses were carried out using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS
Baseline demographic and clinical characteristics
Among the 102 patients, 53 had amputations below the ankle
and 49 had amputations above the ankle. Baseline demographic
and laboratory data of 102 participants are presented in
Table 1. The median (range) values of baPWV (m/s) and ABI
were 21.8 (6.3–57.5) and 0.88 (0.31–1.55), respectively. A total
of 55 patients had an ABI of <0.9, and only one patient had
ABI of >1.4.

Association of BaPWV and ABI with the incidence of all-cause
mortality
During a mean follow-up period of 3.3 years (standard devia-
tion 2.8 years), 44 patients reached the end-point. The cause of
44 deaths were as follows: myocardial infarction (n = 9),
ischemic stroke (n = 3), sudden death (n = 9), infection
(n = 15), cancer (n = 1), gastrointestinal bleeding (n = 1) and
unknown etiology (n = 6). The survival rate for 1, 2 and
5 years was 84.9, 73.5 and 51.0%, respectively. A total of 11
patients were lost to follow up.

In both the uni- and multivariate analyses, baPWV values
were a significant predictor for the end-point; meanwhile, ABI
was not associated with the end-point (Table 2). Next, we car-
ried out an analysis where baPWV (above or below the median
[21.8 m/s]) and ABI (normal [0.9–1.4] or not) were treated as
categorical variables, and similar results were obtained (Table 2).
When baPWV and ABI, which were measured on the ampu-
tated or non-amputated side for each individual, were used for
analysis, the results did not change. Finally, we compared the
incidence of the end-point among four groups classified into
baPWV (above or below the median) and ABI (normal or not).
The analysis also showed that high baPWV, regardless of ABI,
was a significant risk factor for the end-point (Figure 1).

DISCUSSION
In the present study of patients with diabetes after first non-
traumatic LEA, we found that baPWV, but not ABI, was inde-
pendently associated with the incidence of all-cause mortality.
To our knowledge, this is the first report to examine the associ-
ation of baPWV and ABI with mortality in patients with
diabetes after LEA.

Table 1 | Baseline demographic and laboratory data of 102 participants

Age 63 – 12 years
Males 80 (78.4)
Type 2 diabetes 96 (94.1)
Duration of diabetes 21 – 11 years
BMI 23.5 – 4.2 kg/m2

Systolic blood pressure 138 – 25 mmHg
Diastolic blood pressure 74 – 13 mmHg
Smoking (current or ever) 62 (60.8)
History of cardiovascular disease 60 (58.8)
History of leg revascularization 37 (36.3)
Dialysis 50 (49.0)
Use of HMG-CoA reductase
inhibitors (statins)

34 (33.3)

Use of ACEIs or ARBs 63 (61.8)
Laboratory data

HbA1c 7.8 – 2.2 (%)
HbA1c 61.3 – 23.5 mmol/mol
Triglycerides 1.1 mmol/L (1.0–1.2 mmol/L)
HDL cholesterol 0.9 – 0.3 mmol/L
LDL cholesterol 2.2 – 0.8 mmol/L
Creatinine
(non-dialysis patients)

121.2 – 104.2 lmol/L

eGFR
(non-dialysis patients)

60.0 – 37.2 mL/min/1.73 m2

Data are expressed as number (%), mean – standard deviation, or geo-
metric mean (95% confidence interval). ACEIs, angiotensin-converting
enzyme inhibitors; ARBs, angiotensin II receptor blockers; BMI, body
mass index; eGFR, estimated glomerular filtration rate; HbA1c, hemoglo-
bin A1c; HDL, high-density lipoprotein; HMG-CoA, 3-hydroxy-3-methyl-
glutaryl coenzyme A; LDL, low-density lipoprotein; SD, standard
deviation.
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ABI is known to be a powerful prognostic predictor in vari-
ous clinical settings7–9. However, in patients with diabetes, espe-
cially in those who had longer durations of diabetes and kidney
complications, ABI values are likely to be unreliable because of
false elevations or falsely normal values, caused by medial arte-
rial calcification10–12. Participants in this cohort had long dura-
tions of diabetes (mean 21 years), and many cases had kidney
dysfunction (Table 1); therefore, the unreliability of ABI values
might explain these present results. Meanwhile, because of
interference with circulation through lower extremities, baPWV,

unlike aortic PWV such as carotid-femoral PWV, tends to be
underestimated in patients with peripheral artery disease13. A
previous study of hemodialysis patients showed that baPWV
was not associated with all-cause mortality in the entire cohort;
however, baPWV was the significant predictor in those with
ABI of 0.9 or more14. In the present study, higher baPWV val-
ues were a significant risk factor for mortality, irrespective of
ABI values (Figure 1, Table 2). As aforementioned, ABI values
in the present cohort were considered to be highly questionable;
therefore, the limitation of baPWV might be weakened. In any

Table 2 | Univariate and multivariate Cox proportional hazard model to determine the association of brachial-ankle pulse wave velocity and ankle-
brachial pressure index with all-cause mortality

Model 1 Model 2 Model 3

HR (95% CI) P-values HR (95% CI) P-values HR (95% CI) P-values

(baPWV and ABI treated as continuous variables)
baPWV (m/s) 1.05 (1.03–1.08) <0.001 1.04 (1.01–1.07) 0.005 1.04 (1.01–1.07) 0.004
ABI 0.38 (0.13–1.13) 0.081 0.67 (0.19–2.36) 0.529 0.89 (0.25–3.15) 0.855

(baPWV and ABI treated as categorical variables)
High baPWV (vs low baPWV) 5.88 (2.81–12.30) <0.001 4.54 (2.13–9.67) <0.001 4.55 (2.13–9.70) <0.001
Abnormal ABI (vs normal ABI) 1.51 (0.82–2.79) 0.184 0.92 (0.49–1.73) 0.789 0.94 (0.50–1.77) 0.847

The definition of brachial-ankle pulse wave velocity (baPWV) and ankle-brachial pressure index (ABI) as categorical variables were the following:
baPWV: above or below the median (21.8 m/s), and ABI: normal (0.9–1.4) or not, respectively. Model 1: univariate model. Model 2: multivariate
model. Model 3: multivariate model in which baPWV and ABI were simultaneously incorporated. In the multivariate model, a stepwise variable-
selecting procedure was carried out. baPWV and ABI were incorporated into the model irrespective of P-values. The following variables were used
as covariates: age, sex, systolic blood pressure, diastolic blood pressure, hemoglobin A1c, logarithmically transformed triglycerides levels, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, presence of kidney dysfunction defined as estimated glomerular filtration rate <60 mL/
min/1.73 m2 or dialysis, history of cardiovascular disease, history of leg revascularization, use of 3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors (statins), use of angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, and amputation levels (above the ankle
or not).
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Figure 1 | Comparison of all-cause mortality among four groups classified into brachial-ankle pulse wave velocity (baPWV; above or below the
median [21.8 m/s]) and ankle-brachial pressure index (ABI; normal [0.9-1.4] or not). †P < 0.01 versus patients with low baPWV and normal ABI, ‡P <
0.01 versus patients with low baPWV and abnormal ABI. In the multivariate model, a stepwise variable-selecting procedure was performed. baPWV
and ABI were incorporated into the model irrespective of P-values. The following variables were used as covariates: age, sex, systolic blood
pressure, diastolic blood pressure, hemoglobin A1c, logarithmically transformed triglycerides levels, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, presence of kidney dysfunction defined as estimated glomerular filtration rate <60 mL/min/1.73 m2 or dialysis, history of
cardiovascular disease, history of leg revascularization, use of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins), use of
angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, and amputation levels (above the ankle or not).
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case, the present study suggests that baPWV is a better predic-
tor for mortality than ABI in patients with diabetes after LEA.
The present study had several limitations. First, this study

had a small sample size. Second, 11 patients were lost to follow
up, which might add some bias to the analyses15. Finally, the
present study was carried out in a single urban university hos-
pital, which might not be representative of the entire Japanese
population with diabetes.
In conclusion, the present study might provide evidence that

baPWV is a useful clinical predictor for all-cause mortality in
patients with diabetes after first non-traumatic LEA. This find-
ing should be confirmed in prospective studies with a larger
sample size and a multicenter design.
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