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Toe–brachial index is associated more strongly with
albuminuria or glomerular filtration rate than
ankle–brachial index in patients with type 2 diabetes

Michiaki Fukui1, Muhei Tanaka1, Masahide Hamaguchi2, Takafumi Senmaru1, Kazumi Sakabe1, Mai Asano1,
Masahiro Yamazaki1, Goji Hasegawa1, Saeko Imai3 and Naoto Nakamura1

The aim of this study was to investigate whether toe–brachial index (TBI) is more strongly associated with albuminuria or

estimated glomerular filtration rate (eGFR) than ankle–brachial index (ABI), and thus is a more suitable tool for evaluating the

association between peripheral artery disease (PAD) and diabetic nephropathy than ABI in patients with type 2 diabetes. We

evaluated the relationships between ABI or TBI and the degree of urinary albumin excretion or eGFR, as well as the major

cardiovascular risk factors, in 390 patients with type 2 diabetes. Furthermore, we compared the area under the receiver–

operator characteristic curve (AUC) of TBI or ABI for albuminuria or chronic kidney disease (CKD). Low-density lipoprotein

cholesterol was negatively associated with ABI. Age and duration of diabetes were negatively associated with TBI, and diastolic

blood pressure and high-density lipoprotein cholesterol were positively associated with TBI. Log (urinary albumin excretion) was

associated more strongly with TBI (r¼�0.265, Po0.0001) than with ABI (r¼�0.132, P¼0.0111), and eGFR was positively

associated with TBI (r¼0.195, P¼0.0002) but not with ABI (r¼0.023, P¼0.6571). The AUCs of TBI for albuminuria

(P¼0.0002) and CKD (P¼0.0322) were significantly greater than those of ABI. In conclusion, TBI is associated more strongly

with albuminuria and eGFR than ABI in patients with type 2 diabetes. Our study suggests that TBI may be a more suitable tool

for evaluating the association between PAD and diabetic nephropathy than ABI in patients with type 2 diabetes.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality and
morbidity in patients with type 2 diabetes.1,2 Recently, chronic kidney
disease (CKD) has been increasingly drawing attention as a high-risk
factor for death from CVD,3,4 and diabetic nephropathy is a major
cause of CKD.5 Moreover, an elevated albumin excretion rate, which is
a useful marker of diabetic nephropathy, has been reported to be
associated with increased risk of cardiovascular mortality.6 The ankle–
brachial index (ABI) is a simple and useful method to assess peripheral
artery disease (PAD). Furthermore, an ABI value o0.9 has been
reported to be a risk factor for CVD events.7 However, application
of this index to diabetic patients is considered questionable because of
medial arterial calcification, which falsely elevates the ABI value.8,9

Therefore, toe–brachial index (TBI) is advocated for diabetic patients
because medial arterial calcification is less frequent in the toe than in
the ankle.

There has been no study that has simultaneously investigated the
association between ABI or TBI and albuminuria or estimated
glomerular filtration rate (eGFR). The aim of this study was to

investigate whether TBI is more strongly associated with albuminuria
or eGFR, and thus is a more suitable tool for evaluating the association
between PAD and diabetic nephropathy than ABI in patients with
type 2 diabetes who do not have advanced diabetic nephropathy.

METHODS

Patients
ABI and TBI were measured in 390 patients (241 men and 149 women) with

type 2 diabetes recruited from the outpatient clinic at the Kyoto Prefectural

University of Medicine. Type 2 diabetes was diagnosed according to the report

of the Expert Committee on the Diagnosis and Classification of Diabetes

Mellitus.10 Retinopathy was assessed with a state of mydriasis by ophthalmol-

ogists who were unaware of the data, and was graded as follows: no diabetic

retinopathy, simple diabetic retinopathy and proliferative, including preproli-

ferative, diabetic retinopathy. If the finding in the left and right fundi were

discordant, the worse side was taken as a representative for the subject.

Nephropathy was graded as follows: normoalbuminuria, urinary albumin

excretion less than 30 mg per gram of creatinine (mg g�1 Cr); microalbumi-

nuria, 30–300 mg g�1 Cr; or macroalbuminuria, more than 300 mg g�1 Cr.

Sitting blood pressure was measured after a 5-min rest. CVD was defined as a
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previous myocardial or cerebral infarction based on the clinical history or

physical examination. Subjects were classified as nonsmokers, past smokers or

current smokers according to a self-administered questionnaire. Patients with

advanced renal dysfunction (serum Cr equal to or more than 2.0 mg dl�1) were

excluded from this study.

Experimental design
We evaluated relationships of ABI or TBI to degree of urinary albumin

excretion or eGFR, as well as to major cardiovascular risk factors, including

age, blood pressure, serum lipid concentration and Hb A1c (expressed as the

National GlycoHb Standardization Program values). We compared ABI or TBI

according to sex, diabetic complications, smoking status and the presence of

CVD, insulin, pioglitazone, angiotensin-converting enzyme inhibitors (ACEI)

and/or angiotensin II receptor blockers (ARB), calcium channel blockers,

statins or anti-platelet agents. Moreover, we compared the degree of urinary

albumin excretion or eGFR among groups determined by values of ABI (cutoff

level was 0.9) and TBI (cutoff level was 0.6), as previously reported by Sheen

et al.11 We performed multiple regression analysis to determine the contribu-

tion of the variables on TBI. Furthermore, we compared the area under the

receiver—operator characteristic curve (AUC) of TBI or ABI for albuminuria,

defined as urinary albumin excretion equal to or more than 30 mg g�1 Cr, or

CKD, defined as eGFR less than 60 ml min�1 per 1.73 m2. This study was

approved by the local Research Ethics Committee and was conducted in

accordance with Declaration of Helsinki, and informed consent was obtained

from all participants.

Biochemical analysis
Blood samples were obtained in the morning. Serum low-density lipoprotein

cholesterol, high-density lipoprotein cholesterol and triglyceride concentrations

were assessed using standard enzymatic methods. Hb A1c was assayed using

high-performance liquid chromatography. Urinary albumin and Cr concentra-

tion were determined in an early-morning spot urine. Albumin excretion rate

was measured with an immunoturbidimetric assay. A mean value for urinary

albumin excretion was determined from three urine collections. GFR was

estimated using the equation of Japanese Society of Nephrology:

eGFR¼194�Cr�1.094�age�0.287 (ml min�1 per 1.73 m2). For women, eGFR

was multiplied by a correction factor of 0.739.

Measurement of ABI and TBI
ABI and TBI were measured in 390 patients with type 2 diabetes using a Colin

Waveform Analyzer (form PWV/ABI/TBI; Colin Medical Technology, Komaki,

Japan), which simultaneously measures pulse volumes in the brachial and

posterior tibial using an oscillometric method together with bilateral arm and

ankle or toe blood pressure. ABI and TBI were measured after allowing the

patient to rest in the supine position for at least 5 min. Details of the method

have been described elsewhere.12 The ABI or TBI was calculated bilaterally as

the ratio of systolic pressure in the ankle or toe to systolic pressure in the arm,

with the lower value considered as a representative for each subject. Intra-

coefficient of variation of ABI and TBI were 0.045 and 0.013, respectively, and

inter-coefficient of variation of ABI and TBI were 0.015 and 0.017, respectively.

Statistical analysis
Means and frequencies of potential confounding variables were calculated.

Unpaired Student’s t-tests or analyses of variance followed by the Scheffe

post hoc test were conducted to assess statistical significance of differences

between groups. As urinary albumin excretion showed skewed distribution,

logarithmic (log) transformation was carried out before performing correlation

analysis. The relationships between ABI or TBI and log (urinary albumin

excretion), eGFR, age, glycemic control or other variables were examined by

Pearson’s correlation analyses. In multiple regression analysis to assess the

effects of variables on TBI, we included independent variables that were

significantly correlated with TBI in the univariate analyses using SPSS version

11.0J (SPSS Inc. Chicago, IL, USA). Receiver–operator characteristic analyses

were performed to calculate AUC of TBI or ABI for albuminuria or CKD using

the ROCKIT (http://xray.bsd.uchicago.edu/krl/roc_soft.htm). All continuous

variables are presented as the mean±s.d. A P-value o0.05 was considered

statistically significant.

RESULTS

The characteristics of the 390 patients (241 men and 149 women) with
type 2 diabetes enrolled in this study are shown in Table 1. Relation-
ships between ABI or TBI and the characteristics of patients with
type 2 diabetes are shown in Table 2. Low-density lipoprotein
cholesterol was negatively associated with ABI. Age and duration of
diabetes were negatively associated with TBI, and diastolic blood
pressure and high-density lipoprotein cholesterol were positively
associated with TBI. Log (urinary albumin excretion) was associated
more strongly with TBI (r¼�0.265, Po0.0001) than with ABI
(r¼�0.132, P¼0.0111), and eGFR was positively associated with
TBI (r¼0.195, P¼0.0002) but not with ABI (r¼0.023, P¼0.6571).
ABI differed significantly according to diabetic nephropathy and
differed between patients with and without CVD, statins or anti-
platelet agents. TBI differed significantly according to diabetic nephro-
pathy and smoking status, and differed between patients with and
without CVD, statins or anti-platelet agents (Table 3).

TBI correlated significantly with ABI (r¼0.355, Po0.0001;
Figure 1). Log (urinary albumin excretion) was significantly lower
in a subgroup with normal ABI and normal TBI (1.46±0.66) than
that in a subgroup with normal ABI and low (o0.6) TBI (1.70±0.74,
P¼0.0079) and than that in a subgroup with low (o0.9) ABI and low
TBI (2.02±0.91, P¼0.0117). Estimated GFR was significantly higher
in a subgroup with normal ABI and normal TBI (81.7±25.3) than
that in a subgroup with normal ABI and low TBI (74.0±22.1,
P¼0.0192) and than that in a subgroup with low ABI and low TBI
(65.3±28.0, P¼0.0245).

Table 1 Clinical characteristics of patients with diabetes

n 390

Sex (male/female) 241/149

Age (years) 64.8±10.7

Duration of diabetes (years) 14.5±11.0

Body mass index (kg m�2) 23.5±4.0

Hb A1c (%) 7.5±1.3

Systolic blood pressure (mm Hg) 129±17

Diastolic blood pressure (mm Hg) 71±12

LDL-cholesterol (mmol l�1) 2.74±0.72

Triglyceride (mmol l�1) 1.52±1.03

HDL-cholesterol (mmol l�1) 1.40±0.36

Smoking (none/past/current) 161/155/74

Retinopathy (NDR/SDR/PDR) 266/58/66

Nephropathy (normo-/micro-/macroalbuminuria) 212/127/51

Neuropathy (�/+) 224/166

Cardiovascular disease (�/+) 290/100

Current treatment (Diet/oral hypoglycemic agents/insulin) 51/209/130

Urinary albumin excretion (mg g�1 creatinine) 212±673

Estimated glomerular filtration rate (ml min�1 per 1.73 m2) 78.4±26.3

Ankle-brachial index 1.07±0.12

Toe-brachial index 0.68±0.17

Pioglitazone (�/+) 343/47

ACEI and /or ARB (�/+) 222/168

Calcium channel blockers (�/+) 267/123

Statins (�/+) 232/158

Anti-platelet agents (�/+) 310/80

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor
blockers; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NDR, no diabetic
retinopathy; PDR, proliferative diabetic retinopathy; SDR, simple diabetic retinopathy.
Data are mean±s.d. or number of subjects.
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In multiple regression analysis to examine the effects of variables on
TBI, we included the following independent variables, which were
significantly correlated with TBI in the univariate analyses: age,
duration of diabetes, diastolic blood pressure, high-density lipoprotein
cholesterol, smoking status, statins and anti-platelet agents. Multiple
regression analysis demonstrated that age (b¼�0.335, Po0.0001),
smoking status (b¼�0.173, P¼0.0256) and diastolic blood pressure
(b¼0.201, P¼0.0090) were independently associated with TBI. AUC
(95% confidence interval (CI)) of TBI and ABI for albuminuria were
0.652 (0.596–0.708, Po0.001) and 0.530 (0.470–0.590, P¼0.316),
respectively. AUC (95% CI) of TBI for albuminuria was significantly
greater than that of ABI (P¼0.0002, Figure 2a). AUC (95% CI) of TBI
and ABI for CKD were 0.623 (0.553–0.694, P¼0.001) and 0.523
(0.443–0.603, P¼0.545), respectively. AUC (95% CI) of TBI for
CKD was significantly greater than that of ABI (P¼0.0322, Figure 2b).

DISCUSSION

The present study demonstrated that log (urinary albumin excretion)
was associated more strongly with TBI than with ABI, and eGFR was
positively associated with TBI but not with ABI. The AUC (95% CI) of

TBI for albuminuria or CKD was significantly greater than that of
ABI. To our knowledge, this is the first report to investigate simulta-
neously the association between ABI or TBI and albuminuria or eGFR,
and whether TBI is more strongly associated with albuminuria or
eGFR, and thus is a more suitable tool for evaluating the association
between PAD and diabetic nephropathy than ABI in patients with
type 2 diabetes.

An ABI value o0.9 has been reported to be a risk factor for CVD
events.7 However, application of this index to diabetic patients is
considered questionable because of medial arterial calcification, which
falsely elevates the ABI value.8,9 Previous reports have demonstrated
that varying degrees of medial arterial calcification are common in
diabetic patients.9 Therefore, TBI is advocated for diabetic patients
because medial arterial calcification is less frequent in the toe than in
the ankle. Brooks et al.13 demonstrated that the assessment of TBI is
clearly the method of choice in the presence of overt calcification as
defined by an ABI value 41.3. By contrast, in the absence of such
overt calcification, the differences between ABI and TBI for diabetic
patients were in the same range as for control subjects, who were
assumed to have no calcification. Instead of ABI, the measurement of

Table 2 Correlation between ABI or TBI and characteristics of

patients with diabetes

ABI TBI

r P r P

Age �0.076 0.1322 �0.338 o0.0001

Duration of diabetes �0.021 0.6956 �0.244 o0.0001

Body mass index �0.057 0.2636 �0.002 0.9647

Hb A1c �0.007 0.8844 �0.042 0.4088

Systolic blood pressure �0.059 0.2461 �0.088 0.0840

Diastolic blood pressure 0.072 0.1560 0.253 o0.0001

LDL-cholesterol �0.159 0.0023 0.035 0.5062

triglycerides �0.078 0.1234 0.071 0.1640

HDL-cholesterol 0.094 0.0642 0.119 0.0188

Log (urinary albumin excretion) �0.132 0.0111 �0.265 o0.0001

Estimated glomerular filtration rate 0.023 0.6571 0.195 0.0002

Abbreviations: ABI, ankle-brachial index; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TBI, toe-brachial index.

Table 3 Comparisons of ABI or TBI in various groups

Group ABI TBI

Sex (male/female) 1.08±0.13/1.07±0.10 0.64±0.15/0.63±0.14

Retinopathy (NDR/SDR/PDR) 1.07±0.12/1.07±0.14/1.09±0.10 0.64±0.15/0.66±0.16/0.60±0.15

Nephropathy (I/II/III) 1.08±0.09a/1.07±0.11/1.04±0.16b 0.67±0.13ce/0.60±0.14d/0.56±0.14f

Neuropathy (�/+) 1.06±0.12/1.09±0.11 0.63±0.16/0.64±0.14

Smoking (none/past/current) 1.08±0.10/1.05±0.10/1.05±0.17 0.64±0.13/0.67±0.17g/0.58±0.14h

Cardiovascular disease (�/+) 1.09±0.10i/1.01±0.16j 0.65±0.13k/0.56±0.15l

Insulin (�/+) 1.07±0.13/1.07±0.12 0.63±0.15/0.63±0.14

Pioglitazone (�/+) 1.07±0.12/1.08±0.11 0.64±0.15/0.63±0.13

ACEI and/or ARB (�/+) 1.07±0.11/1.08±0.12 0.64±0.16/0.63±0.13

Calcium channel blockers (�/+) 1.08±0.10/1.06±0.15 0.64±0.15/0.62±0.15

Statins (�/+) 1.09±0.10m/1.05±0.14n 0.65±0.16o/0.61±0.13p

Anti-platelet agents (�/+) 1.08±0.10q/1.04±0.16r 0.65±0.15s/0.58±0.14t

Abbreviations: ABI, ankle-brachial index; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; NDR, no diabetic retinopathy; PDR, proliferative diabetic
retinopathy; SDR, simple diabetic retinopathy; TBI, toe-brachial index. Nephropathy (I/II/III) indicates Nephropathy (normo-/micro-/macroalbuminuria).
Data are mean±s.d.
abP¼0.0175, cdPo0.0001, efPo0.0001, ghP¼0.0059, ijPo0.0001, klPo0.0001, mnP¼0.0073, opP¼0.0047, qrP¼0.0017, stP¼0.0002.
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Figure 1 Correlation between toe–brachial index (TBI) and ankle–brachial

index (ABI), and classification of the study participants by TBI and ABI.

Abnormal ABI was defined as o0.9 and TBI o0.6. TBI correlated

significantly with ABI (r¼0.355, Po0.0001).
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TBI is recommended to diagnose PAD in diabetic patients, especially
those with an ABI value 41.3. Usually, ABI was classified into three
groups (o0.9, 0.9–1.3, 41.3), but not a continuous value. Contin-
uous value may not be reliable in patients with type 2 diabetes.
However, ABI was used as a continuous value in many previous
reports.11,13–16 Therefore, we analyzed ABI as a continuous value to
certify that ABI was less strongly associated with albuminuria or eGFR,
and thus is a less suitable tool in evaluating the association between
PAD and diabetic nephropathy, than TBI in patients with type 2
diabetes. Furthermore, TBI was associated more strongly with
albuminuria or eGFR than ABI after exclusion of patients with an
ABI value 41.3 (data not shown).

Risk factors for the development of microalbuminuria are the same
as those associated with vascular disease (endothelial dysfunction and
inflammation). Microalbuminuria may be an early sign of intra-renal
vascular dysfunction and a marker of vascular risk in the general
population, as well as in high-risk individuals such as diabetes
patients.17,18 The presence of PAD might imply atherosclerosis
involving not only vasculatures of the heart, the brain and the lower
limbs but also the vasculatures of the kidneys, which could cause
intra-glomerular hypertension, glomerular damage and leakage of
albumin. As the conditions associated with endothelial damage pre-
dispose individuals to microalbuminuria, PAD might be related to
albuminuria. Traditional risk factors associated with PAD include
smoking, hypertension, dyslipidemia, diabetes and CKD. Wu et al.19

demonstrated that the association between albuminuria and PAD (low
ABI) applied to nondiabetic but not to diabetic patients. TBI might be
associated with albuminuria in diabetic patients because TBI was more
strongly associated with albuminuria than ABI in our study.

Log (urinary albumin excretion) was associated more strongly with
TBI than with ABI, and eGFR was positively associated with TBI but
not with ABI. Sheen et al.11 reported that low eGFR was a major
determinant of low TBI, as well as low ABI; however, eGFR was
associated more strongly with TBI than with ABI in patients with
type 2 diabetes. Moreover, Aso et al.16 reported that serum inflam-
matory marker, including C-reactive protein, showed significant
negative correlation with TBI but not with ABI.

Interestingly, diastolic blood pressure was positively and strongly
associated with TBI in univariate and multivariate analyses. The
precise reason for this finding was uncertain. In general, diastolic
blood pressure decreases as atherosclerosis progresses in the elderly.

We speculate that it is important to maintain diastolic blood pressure
to preserve peripheral blood flow.

Blockade of the renin–angiotensin system by ACEI and/or ARB
reduces urinary albumin excretion rate and thus confers renal and
cardiovascular protective effects.20 Tseng et al.21 demonstrated that
albuminuria negatively correlated with ABI and was associated with
PAD in elderly diabetic patients not treated with ACEI and/or ARB;
however, this association was not significant in patients treated with
ACEI and/or ARB. In our study, TBI was associated more strongly
with log (urinary albumin excretion) or eGFR than ABI even after
exclusion of patients with type 2 diabetes treated with ACEI and/or
ARB (data not shown).

The limitations of our study include that it was a cross-sectional
study, that it assessed a relatively small number of patients and that the
correlations between TBI and albuminuria or eGFR were weak,
although they were statistically significant, to conclude that TBI is a
more suitable tool in evaluating the association between PAD and
diabetic nephropathy than ABI in patients with type 2 diabetes. In
addition, we performed the ABI/TBI measurement only once in the
daytime regardless of time of day, although ABI/TBI measurement
varies depending on the time of day. However, to our knowledge, this
is the first report to simultaneously investigate the association between
ABI or TBI and albuminuria or eGFR, and whether TBI is more
strongly associated with albuminuria or eGFR in patients with type 2
diabetes. We have analyzed a simple correlation between TBI or ABI
and albuminuria or eGFR. We have not included log (urinary albumin
excretion) and eGFR as independent variables in multiple regression
analysis on TBI, because those are risk markers but not factors of PAD.

Clinically, the identification of PAD, which can be easily diagnosed
in clinical practice at minimal cost, in diabetic patients is important
because these patients are more prone to develop symptoms of
claudication22 and are at a higher risk of CVD. The clinical relevance
relates to potential preventive and therapeutic approaches, whereas the
diagnostic relevance concerns the diagnostic utility of TBI as a marker
for PAD that can be measured easily and applied in clinical practice.

Clinical implication
TBI is advocated for diabetic patients because medial arterial calcifica-
tion is less frequent in the toe than in the ankle. TBI is more strongly
associated with albuminuria or eGFR than ABI, and thus is a more
suitable tool for evaluating the association between PAD and diabetic
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nephropathy than ABI, and TBI is recommended to be substituted for
ABI for evaluating PAD in patients with type 2 diabetes.

Conclusions
TBI is associated more strongly with albuminuria or eGFR than ABI in
patients with type 2 diabetes. Our study suggests that TBI may be a
more suitable tool than ABI for evaluating the association between
PAD and diabetic nephropathy in patients with type 2 diabetes.
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