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ABSTRACT

Objective. The ankle and toe brachial
indices (ABI and TBI) are calculated
as the ankle and toe systolic blood
pressures divided by the highest bra-
chial systolic pressure, respectively. We
sought to evaluate the efficacy of ABI
and TBI as an objective, non-invasive
assessment of vascular involvement in
patients with systemic sclerosis (SSc)
and to investigate the clinical signifi-
cance of TBI in SSc.

Methods. ABI and TBI were measured
using an oscillometric method in 136
outpatients, including 77 with SSc, 29
with  systemic lupus erythematosus
(SLE), 16 with primary Sjogren’s syn-
drome (§jS), and 14 with dermatomyosi-
tis (DM). We also analyzed 21 healthy
controls.

Results. The mean ABI and frequency
of reduced ABI values (<1.0) did not
differ significantly between disease
groups. TBI values in patients with SSc
and ISSc were significantly lower than
in those with SjS and DM, respectively
(p<0.01). Patients with SSc and [SSc
had significantly lower TBI values than
healthy controls (p<0.05). Reduced TBI
values (<0.6) were significantly more
common in patients with SSc, including
both dSSc and [SSc, than in those with
SLE (p<0.05). Similarly, the frequency
of decreased TBI was higher in pa-
tients with SSc and dSSc than in those
with SjS or healthy controls (p<0.05).
Skin ulcers (p=0.041) or overlap with
rheumatoid arthritis (p=0.018) were
associated with reduced TBI values by
logistic regression analysis.
Conclusion. The TBI value is a useful,
non-invasive tool to evaluate vascular
involvement in SSc.

Introduction

Systemic sclerosis (SSc) is character-
ized by thickening of the skin, fibrotic
changes in the joints, muscles, and
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visceral organs, abnormalities in the
microcirculation, and autoimmunity
(1). Patients with SSc display diverse
clinical courses with a broad spectrum
of involved organs and severity. Vascu-
lar abnormalities, including Raynaud’s
phenomenon, digital pitting ulcers, and
digital gangrene, are frequently seen
in patients with SSc. Although these
involvements rarely predict mortality
in SSc patients (2), they are often as-
sessed as indicators of the SSc-specific
quality of life (3). As the evaluation of
vascular disorders in patients with SSc
currently relies on a physical examina-
tion, an objective and non-invasive as-
sessment of arterial supply is needed.
The ankle brachial index (ABI) meas-
ures the status of large and small ar-
teries in the lower extremity. The ABI
for each leg is calculated separately
by dividing ankle systolic pressure in
that leg by the higher brachial systo-
lic pressure (4). If arterial blood flow
is normal, pressure at the ankle should
be equal or slightly higher than that in
the arm, resulting in an ABI ratio of >
1.0 (5). ABI measurement has a 90%
sensitivity and 95% specificity for the
detection of peripheral vascular disease
(PVD) (6).

Toe pressure, which reflects arte-
rial obstruction proximal to the digits,
does not appear to be affected by arte-
rial incompressibility. The ankle-to-toe
pressure difference is increased in the
majority of patients with PVD (7). For
patients with rigid ankle blood vessels,
toe pressure measurements should be
taken as toe arteries are rarely rigid (8).
A toe brachial index (TBI) is calculated
from the systolic blood pressures of the
arm and toes. For example, a subset of
diabetics and patients on dialysis who
develop varying degrees of calcification
in lower limb arteries exhibit artifactu-
ally high ankle systolic pressures (9,
10). As arterial calcification is greater



at the ankles than at the toes, measure-
ment of TBI is advocated in diabetic or
dialyzed patients. Although the level
defining ischemia has not been stand-
ardized, several investigators have re-
ported that a TBI <0.64 is associated
with arterial insufficiency (7, 11).

This study is the first to evaluate the
efficacy of the ABI and TBI in assess-
ing vascular involvement mainly in pa-
tients with SSc versus other connective
tissue diseases. We also investigated
the clinical significance of TBI meas-
urement in an objective assessment of
vascular involvement in SSc patients.

Materials and methods

Patients and controls

All patients examined in the study were
followed by the Department of Derma-
tology at Nagoya University Hospital.
The patients enrolled in this study were
consecutive outpatients, and patients
under 18 years old were excluded from
the study. Of the 136 outpatients, com-
prised of 77 with SSc, 29 with systemic
lupus erythematosus (SLE), 16 with
primary Sjogren syndrome (SjS), and
14 with dermatomyositis (DM), 129
were female and 7 were male, with
ages ranging from 19 to 83 years and
a mean age of 60 years (Table I). All
SSc patients fulfilled a new Japanese
criterion, modified from the Ameri-
can College of Rheumatology (ACR)
criteria (12), proposing a diagnosis
of SSc with either the major criterion
of proximal scleroderma or the minor
criteria of sclerodactyly with one or
more of the following: 1) digital pit-
ting scars on the fingertips or loss of
substance of the distal finger pads, 2)
bilateral basilar pulmonary fibrosis, or
3) positive anti-Scl-70 or anti-centro-
mere antibodies. According to the clas-
sification system of Leroy et al. (13),
22 patients exhibited diffuse cutaneous
SSc (dSSc), while 55 had limited cu-
taneous SSc (I1SSc). Six patients with
SSc exhibited overlapping rheumatoid
arthritis (RA) according to the ACR
criteria (14). All SLE patients fulfilled
ACR criteria (15). SjS was diagnosed
according to Japanese criteria (16).
Patients were diagnosed with DM ac-
cording to the diagnostic criteria pro-
posed by Bohan and Peter (17, 18);
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Table I. Patient profiles.

Disease Number Sex Age
male : female yrs mean =+ standard deviation

SSc 77 5:72 19-283 62 + 11

dSSc 22 3:19 38-177 60 + 11

ISSc 55 2:53 19-83 62 + 11
SLE 29 0:29 37-280 5711
SjS 16 0:16 39-73 59 +£99
DM 14 2:12 33-70 57 + 8.8
Healthy controls 21 1:20 39-83 61 + 11

SSc: systemic sclerosis; dSSc: diffuse cutaneous SSc; ISSc: limited cutaneous SSc; SLE: systemic
lupus erythematosus; SjS: Sjogren syndrome; DM: dermatomyositis.

two definite, nine probable, and three
possible cases were included. Normal
control subjects (n=21) were identified
from the age/sex-matched register of
the general community or staff mem-
bers. These individuals had no history
of connective tissue disease.

Written informed consent was obtained
from each subject. This study was ap-
proved by the local Ethical Committee.

Clinical assessment

Clinical features were obtained at the
time when blood pressures were meas-
ured. As for organ involvement, patients
were evaluated for the presence of pul-
monary, esophageal, cardiac, renal, and
muscular involvement. A value greater
than one on the Japanese SSc severity
scale (19), modified from Medsger’s
severity scale (20), was defined as the
presence of organ involvement. Brief-
ly, pulmonary fibrosis was diagnosed
by radiographical findings of bibasilar
interstitial fibrosis. We considered pa-
tients to have pulmonary hypertension
based on increased pulmonary arterial
systolic pressure (>25mmHg) that was
estimated from an echocardiogram. Car-
diac involvement included a conduc-
tion defect on electrocardiogram or left
ventricular congestive heart failure (left
ventricular ejection fraction <50%). Re-
nal involvement was determined from a
history of scleroderma renal crisis with
increased serum creatinine level (>0.9
mg/dl). As the Japanese scale does not
include muscular manifestations, we
defined muscle involvement as mild
proximal muscle weakness with elevat-
ed serum creatine kinase level accord-
ing to Medsger’s severity scale (20).
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Patients with GERD-like symptoms,
such as heartburn and/or acid regurgi-
tation, were diagnosed with esophageal
involvement. Among the risk factors
for atherosclerosis, a history of smok-
ing, hypertension, hyperlipidemia, and
diabetes mellitus were assessed. Hyper-
tension was defined as systolic blood
pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg. Hyperlipi-
demia was diagnosed based on elevated
total cholesterol levels (=220 mg/dl) or
serum triglyceride levels (=150 mg/dl).
Patients with fasting plasma glucose
=126 mg/dl were diagnosed with diabe-
tes mellitus.

Measurement of arterial pressures

The brachial, ankle, and toe arterial
pressures were measured between Au-
gust 2006 and August 2007 by an os-
cillometric method using a waveform
analyzer, form PWV/ABI® (OMRON
HEALTHCARE Co. Ltd, Kyoto, Ja-
pan). The authors have no conflicts of
interest with the manufacturer of this
analyzer. Room temperature was main-
tained between 22 and 26°C. The ABI
and TBI were calculated as the high-
est ankle and toe systolic pressures
divided by the highest brachial systo-
lic pressure, respectively. These index
values were analyzed by the means of
right and left values. ABI values <1.0
and TBI values <0.6 denoted the pres-
ence of PVD. For cases whose toe ar-
terial pressure could not be measured
because of poor circulation, we ten-
tatively designated the unmeasurable
values as 0.5, which was higher than
the expected value since the minimum
value of unilateral TBI was 0.30. When
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Table II. Ankle brachial index and toe brachial index for various disease groups and healthy

controls.
Disease ABI TBI
mean reduction rate (%)" mean reduction rate (%)"
SSc 1.10 7177 (9.1) 0.68* 20/77 (26)**
dSSc 1.11 2/22 (9.1) 0.70 8/22 (36)**
1SSc 1.10 5/55 (9.1) 0.68* 12/55 (22)**
SLE 1.08 3/29 (10) 0.73 129 (3.4)
SjS 1.11 0/16 (0) 0.81 0/16 (0)
DM 1.09 1/14 (7.1) 0.80 1/14 (7.1)
Healthy controls 1.09 1721 (4.8) 0.75% 1721 (4.8)

SSc: systemic sclerosis; dSSc: diffuse cutaneous SSc; 1SSc: limited cutaneous SSc; SLE: systemic
lupus erythematosus; SjS: Sjogren syndrome; DM: dermatomyositis; ABI: ankle brachial index; TBI:
toe brachial index. “Reduction rate reveals the proportion of ABI values <1.0 and TBI values <0.6 in
individual patient groups. *p<0.01 in SSc vs. DM, SSc vs. SjS, 1SSc vs. DM, and 1SSc vs. SjS with
ANOVA (Bonferroni test). **p<0.05 in SSc vs. SLE, SSc vs. SjS, SSc vs. Control, dSSc vs. SLE, dSSc
vs. SjS, dSSc vs. Control, and 1SSc vs. SLE by chi-squared test. * p<0.05 in SSc vs. Control and 1SSc

vs. Control by the unpaired Student’s t-test.

ABI/TBI were measured more than
once within the duration of the study,
we analyzed the first value only.

Statistical analysis

The normality and homogeneity of
variance were confirmed in the data
analysis. The indices (ABI/TBI) of dis-
ease groups were compared by ANO-
VA (Bonferroni test). Student’s z-tests
(two-tailed, unpaired) were performed
to compare index values between SSc
patients and the control group and to
compare the means of reduced and
normal TBI groups. Chi-squared tests
were used to compare ABI/TBI reduc-
tion rates between groups and to assess
the association between TBI reduction
rates and each clinical parameter. A lo-
gistic regression analysis was used to
identify parameters independently as-
sociated with reductions in TBI by a
stepwise procedure that stopped when
all variables obtained a value of p<0.05.
Age, gender, and disease duration were
forced into the model for adjustments.
Statistical procedures were performed
using SPSS Ver.15 statistical software
from SPSS Japan, Inc. A p-value less
than 0.05 was considered to be statisti-
cally significant.

Results

Clinical features of

vascular manifestations

Among 77 patients with SSc, 54 pa-
tients had Raynaud’s phenomenon,

which was determined based on the
patient’s subjective complaints. Digital
ulcers, ulcers in other areas, and digital
gangrene were found in 15, 2 (1 at the
elbow, 1 at the sole), and 3 patients, re-
spectively. A total of 18 patients with
SSc had a skin ulcer and/or gangrene.
Twenty, 39, 13, 2, and 3 patients were
classified into grade 0 (no Raynaud’s
phenomenon), grade 1 (Raynaud’s
phenomenon), grade 2 (digital ulcers),
grade 3 (ulcers in other areas), or grade
4 (gangrene), respectively, based on
the severity of vascular involvement
according to the Japanese SSc severity
scale (19). None of the patients with
connective tissue diseases other than
SSc had skin ulcers or gangrene. Ray-
naud’s phenomenon was present in 9,
3, and 2 patients with SLE, SjS, and
DM, respectively.

As for the pharmacological treatment
of vascular disorders at the time of
evaluation, anti-platelet drugs were
used in 21, 13, 2, and 2 patients with
SSc, SLE, SjS, and DM, respectively.
Oral prostaglandines were adminis-
tered to 33, 3, 0, and 2 patients with
SSc, SLE, SjS, and DM, respectively
(p<0.001 for SSc vs. SLE, SjS). Cal-
cium antagonists were given to 4, 1,
2, and 2 patients with SSc, SLE, SjS,
and DM, respectively. Vitamin E was
also administered to 46, 10, 2, and 2
patients with SSc, SLE, SjS, and DM,
respectively (p<0.029 for SSc vs. SLE,
p<0.01 for SSc vs. DM, p<0.001 for
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SSc vs. SjS). No healthy controls were
administered these medications.

Some patients were examined for the
presence of anti-phospholipid antibod-
ies. None of 14 dSSc patients and three
of 28 ISSc patients had at least one of
the following antibodies: lupus antico-
agulants, anti-p2-glycoprotein I, and
anti-cardiolipin. Nine of 26 patients
with SLE had at least one of these anti-
bodies (p<0.01 for SLE vs. SSc). Seven
SjS patients and three DM patients did
not have any of these antibodies.

ABI and TBI values of

disease groups

We measured the mean values and re-
duction rates of ABI/TBI in all groups
(Table IT). Comparison of the mean val-
ues by ANOVA revealed that ABI val-
ues did not differ significantly between
disease groups. While there were no
significant differences in TBI values be-
tween the subset of patients with dSSc
and those with other diseases, TBI val-
ues seen in SSc and ISSc patients were
significantly lower than those seen in
patients with SjS and DM, (p<0.01).
Patients with SSc and 1SSc had signifi-
cantly lower TBI values than healthy
controls (p<0.05) by the unpaired
Student’s t-tests. Toe arterial pressure
could not be measured in seven cases,
including two patients wtih dSSc, four
with 1SSc, and one with SLE. Two pa-
tients with dSSc, two with 1SSc, and
one with SLE exhibited unmeasurable
unilateral pressures, while two patients
with 1SSc had unmeasurable pressures
bilaterally. Although TBI values for the
unmeasurable sites were defined as 0.5
in this analysis, the statistical results
were similar if these values were set at
0.3 or 0.4 (data not shown).

Using the chi-squared test, we explored
the proportion of patients with reduced
indices of ABI values <1.0 and TBI
values<0.6. There were no significant
differences in the frequency of reduced
ABI values between the disease groups.
The proportion of patients with reduced
TBI values was significantly greater in
SSc, including dSSc and 1SSc, than in
SLE (p<0.05). The frequency of de-
creased TBI was similarly greater in
SSc and dSSc patients than in those
with SjS or healthy control (p<0.05).



Fig. 1 represents ABI (A) and TBI (B)
values as evaluated in patients with
a variety of diseases using box-and-
whisker plots. One patient with dSSc
exhibited outlying TBI values (= 1.2).

Correlation of the TBI reduction

with clinical features and organ
involvements in SSc

We summarized the clinical features
and organ involvements seen for SSc
patients with reduced TBI values (less
than 0.6) and normal values (more than
0.6) (Table III). There were no signifi-
cant differences between the two groups
in age, gender, disease duration, smok-
ing history, the presence of hyperlipi-
demia or diabetes, and the daily dosage
of prednisolone. By univariate analysis,
patients with reduced TBI values had
an increased frequency of overlapping
RA than those with normal TBI values
(20% vs. 3.5%, p=0.04). Hypertension
was more frequently seen in the nor-
mal TBI group than in the reduced TBI
group (30% vs. 5%, p=0.03). Logistic
regression analysis demonstrated that
overlapping rheumatoid arthritis [Odds
ratio (OR): 13.5; 95% confidence in-
terval (CI): 1.56-118; p=0.018] and the
presence of a skin ulcer/gangrene (OR:
4.48;95% CI: 1.06-18.9; p=0.041) were
all independently associated with a re-
duction in TBI. Two patients with grade
0, 10 with grade 1, 7 with grade 2, 1 with
grade 3, and O with grade 4 had a low
TBI. By the Mann-Whitney U-test, the
severity of vascular involvement was
also associated with reduced TBI values
(p<0.026). We did not observe any sig-
nificant associations between reduced
TBI values and the presence of autoan-
tibodies, such as anti-topoisomerase I
or anti-centromere antibodies (data not
shown). Similar analyses we performed
for reductions in ABI values, however,
did not reveal any significant correla-
tion between ABI reduction and clinical
features or organ involvements in dis-
ease (data not shown).

Discussion

Patients with SSc frequently display
vascular involvement, which manifests
as Raynaud’s phenomenon, digital pit-
ting ulcers, and digital gangrene. Al-
though thermography has been used to
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Fig. 1. Box-and-whisker plots displaying ABI (A) and TBI (B) values for disease groups. The cen-
tral lines indicate medians of the data with the surrounding boxes extending to the lower and upper
quartiles. The whiskers extend to the range of the data with the outlier, indicated by open circles.
The horizontal dotted lines represent an ABI of 1.0 (A) and a TBI of 0.6 (B). Comparisons between
disease groups were made using ANOVA (Bonferroni test). P-values less than 0.05 were considered

to be significant.

SSc: systemic sclerosis; dSSc: diffuse cutaneous SSc; 1SSc, limited cutaneous SSc; SLE: systemic
lupus erythematosus; SjS: Sjogren syndrome; DM: dermatomyositis.

assess vascular involvement in patients
with SSc, this procedure is cumbersome
(21). To evaluate vascular involvement
in SSc, simple, objective, and nonin-
vasive methods are necessary, which
could facilitate early detection and
treatment of the disorder.

In this study, we evaluated the efficacy
of ABI and TBI measurements in the
management of vascular involvement
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in SSc patients. For this study, our defi-
nition of the ABI cut-off value as 1.0
was supported by the fact that no pa-
tient exhibited a value <0.90, which the
Trans-Atlantic Inter-Society Consensus
Document on Management of Peripher-
al Arterial Disease (TASC) II Working
Group defined as an abnormal ABI (22).
According to the manufacturer’s in-
structions, an ABI level <0.9 is defined
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Table III. Correlation of TBI reductions with clinical features and organ involvements in

patients with systemic sclerosis.

TBI Univariate™ Multivariate”
Reduced Normal P P Odds ratio
(<0.6) (%) (%) (95% CI)
n=20 n=57
Age (mean years) 61 62 0.78 0.81 1.01 (0.95-1.07)
Gender (M: F) 1:19 4:53 1.00 0.50 2.69 (0.15-47.3)
Disease duration 15 11 0.12 0.09 1.06 (0.99-1.12)
(mean years)
PSL (mg/day, 2.6 2.1 0.58
mean dosage)
Smoking 4 (20) 11 (19) 1.00
Hypertension 1 (5 17 (30) 0.03 0.028 0.07 (0.01-0.75)
Hyperlipidemia 3 (15) 14 (25) 0.44
Diabetes 2 (10) 6 (11) 1.00
Overlap of RA 4 (20) 2 (3.5) 0.04 0.018 13.5 1.56-118)
Clinical features
mRss (mean) 5.9 6 0.93
skin ulcer/gangrene 8 (40) 10 (18) 0.06 0.041 4.48 (1.06-18.9)
Nailfold bleeding 11 (55) 32 (56) 1.00
Raynaud’s Ph. 16 (80) 38 (67) 0.40
Telangiectasia 13 (65) 34 (60) 0.79
Calcinosis 4 (20) 7 (12) 0.46
Sicca symptoms 13 (65) 36 (63) 1.00
Arthralgia 12 (60) 25 (44) 0.30
Organ involvements
Pulmonary fibrosis 10 (50) 23 (40) 0.66
Pulmonary hypertension 2 (10) 4 (7.0) 0.69
Oesophagous 12 (60) 31 (54) 0.78
Heart 4 (20) 4 (7.0) 0.26
Kidney 1 (5 2 (3.5 1.00
Muscle 2 (10) 4 (7.0) 0.89

PSL: prednisolone; RA: rheumatoid arthritis; mRss: modified Rodnan skin score; 95% CI: 95% con-

fidence interval.

“The comparison of means between reduced and normal TBI groups was performed using the Student’s
t-test (two-tailed, unpaired). Chi-squared tests were used to assess the association between the propor-
tion of reduced TBI values and each clinical parameter.

#Logistic regression analysis was performed to identify parameters independently associated with re-
ductions in TBI using a stepwise procedure. Only variables with p<0.05 remained. Age, gender, and
disease duration were forced into the model for adjustments.

as abnormal and 0.9~1.0 as borderline
abnormal. Although the normal range
for TBI has not been strictly defined (7,
11), several investigators have reported
TBI cut-off values ranging from 0.5 to
0.7 (23, 24). In this study, we considered
TBI values <0.60 as abnormal based on
the manufacturer’s instructions. Our re-
sults demonstrated that TBI values were
significantly lower in patients with SSc
(mean value: 0.68). The proportion of
patients with reduced TBI values was
also significantly higher (the reduction
rate: 26%) in SSc than in other connec-
tive tissue diseases or healthy controls.
Using a logistic regression analysis, we
determined that a skin ulcer was inde-
pendently associated with reduced TBI

values. The analysis in SSc patients,
even those lacking overlapping RA, re-
vealed similar results (data not shown).
Our results demonstrated that TBI
measurement is a useful technique for
evaluating vascular disorders in SSc.

Although the proportion of patients
with dSSc exhibiting reduced TBI val-
ues was significantly greater (the re-
duction rate: 36%) than those with oth-
er connective tissue diseases, we did
not observe a significant difference in
the average TBI value between patients
with dSSc and other diseases. This re-
sult was attributable to the outlying TBI
value seen in one patient with dSSc.
Indeed, ANOVA performed when ex-
cluding this patient revealed that TBI
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values seen in dSSc patients were sig-
nificantly lower than those seen in pa-
tients with SjS and DM (p<0.05, data
not shown). Although toe pressures are
rarely affected by arterial calcification
(10), TBI may occasionally provide
falsely elevated values in patients with
processed arteriosclerosis reflecting
arterial calcification. The dSSc patient
with the outlying TBI value also car-
ried a ten-year diagnosis of diabetes
mellitus, which may have been associ-
ated with processed arteriosclerosis.
Logistic regression analysis revealed
that the presence of overlapping RA
was independently associated with re-
duced TBI values. A subset of SSc cas-
es exhibit clinical characteristics of RA,
dubbed overlap syndrome (SSc-RA)
(25, 26); these patients exhibit more
severe arthralgias and functional im-
pairment than patients with SSc alone
(27). Previous investigations utilizing
the Health Assessment Questionnaire
(HAQ) clarified that patients suffer-
ing from SSc-RA exhibit greater func-
tional impairments than patients with
SSc alone, as evidenced by a higher
HAQ-disability index (HAQ-DI) (28,
our unpublished observations). Poor
blood flow, which could be assessed
as consequent reductions in TBI, may
underlie this functional impairment
in SSc-RA. Future investigations are
needed to clarify the association be-
tween reductions in TBI and HAQ-DI
or scleroderma HAQ (29).

In a recent study, Kido, et al. reported
the efficacy of a microwireless laser
doppler flowmeter for assessing abnor-
mal blood flow in eight patients with
SSc (30). Although this tool is useful, it
requires a provocation method, such as
cold provocation and the arm-raising
test. In this regard, TBI measurements
do not require a provocative test and
the values are automatically calculated.
Since our method is easily applied for
clinical use, many patients can be eval-
uated in a short time. Furthermore, the
waveform analyzer used in this study
can coincidentally measure pulse wave
velocity (PWYV), which is an indicator
of the presence and degree of arterial
stiffening. Very recently, Timdr et al.
revealed that PWV in SSc patients was
significantly higher than in age- and



sex-matched healthy controls (31). Al-
though increased vascular stiffness in
SSc patients may be associated with
vascular function, we did not see an as-
sociation between PWV and SSc (data
not shown).

In conclusion, the assessment of TBI is
preferable to ABI in evaluating vascu-
lar involvement in patients with SSc. It
may be possible to use TBI, which is
an objective and non-invasive marker,
for both the determination of therapeu-
tic efficacy and drug discovery in the
future. Additional studies are needed to
further confirm the usefulness of TBI,
including longitudinal studies that fol-
low SSc patients with vascular involve-
ment for long periods.
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