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Abstract 

Background Non-invasive clinic-based tools for assessing PAD are not without limitations. Therefore, costly tests 
like Doppler study, CT angiography and MR angiography are often required to make a diagnosis. Ankle brachial index 
(ABI), commonly used for assessment of PAD, has high false positivity rates in sclerosed, calcified arteries which render 
them non-compressible. Toe brachial index (TBI) can be an alternative, as digital arteries are relatively unaffected 
by these changes.

Aim To compare the reliability of ABI and TBI in diagnosing PAD in type 2 diabetes using CT angiography (CTA) 
as the reference.

Methods 175 adults with T2D were selected. ABI &TBI were measured with an automated vascular Doppler XT 6 
ports bilaterally for all subjects. For any subject, the limb with lower ABI and TBI was included for analysis. ABI < 0.9 & 
TBI < 0.6 were taken as evidence of PAD. CTA showing > 50% narrowing was taken as evidence of PAD.

Results 24% of our study subjects had CTA confirmed PAD. ABI has low sensitivity of 35.29% (95% CI 0.21–0.52) 
compared to TBI being 82.35% (95% CI 0.66–0.92). The specificity however was similar. ABI < 0.9 was able to detect 
CTA confirmed PAD, but ABI > 0.9, including the so-called normal ABI (0.9–1.3) was unable to detect PAD. ROC showed 
ABI at 1.005 has sensitivity 64.71% (95% CI 0.48- 0.79) and specificity 61.7% (95% CI 0.53–0.69) and TBI at 0.6 has sen-
sitivity 82.35% (95% CI 0.66–0.92) & specificity 92% (95% CI 0.87–0.96). Utilizing Cohen’s Kappa, the reliability of ABI 
with respect to CTA showed fair agreement (K = 0.225, p = 0.001), whereas the reliability of TBI with respect to CTA 
showed substantial agreement (K = 0.759, p < 0.0001).

Conclusion ABI < 0.9 detects PAD reliably, but presence of PAD in patients with ABI > 9.0 including the normal of ABI 
(0.9–1.3) can be confirmed with TBI, which correlated strongly with CTA. TBI is also non-inferior for PAD detection, 
when ABI < 0.9. TBI and not ABI can be utilized for initial assessment of PAD in subjects with T2D.
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Background
Peripheral arterial disease (PAD) is characterized by 
atherosclerotic occlusive disease of the lower extremi-
ties and is a marker of atherothrombotic disease in other 
vascular beds. Therefore, patients with PAD are at an 
increased risk of stroke, myocardial infarction, and death. 
PAD is also a major risk factor for lower extremity ulcera-
tion, non-healing of ulcers and amputation in people 
with diabetes [1]. Diabetes and smoking are the strong-
est risk factors for PAD. Other established risk factors are 
advanced age, hypertension, and dyslipidemia. [2].

Ankle brachial index (ABI) is a time tested and reliable 
tool, often the first test used for PAD screening in sub-
jects with type 2 diabetes [3, 4]. However, recent research 
suggests that the diagnostic accuracy of ABI is compro-
mised in certain subsets of population. Decreased sensi-
tivity and specificity of ABI for the presence of PAD have 
been seen in various studies in the elderly and in those 
with chronic kidney disease or diabetes [5, 6]. There is 
now enough evidence to prove that higher rates of medial 
arterial calcification (MAC) in these specific populations 
leads to arterial wall stiffening, thus preventing full com-
pression of the lower extremity arteries  during vascu-
lar testing. This results in falsely elevated ABI, reducing 
the usefulness of the test [7]. While ABI > 1.3 has been 

recognized as a marker of vascular calcification, the per-
formance of ABI < 1.3 needs to be explored, particularly 
in high-risk population like diabetes where arterial cal-
cification is widespread, subclinical and may affect ABI 
measurement [8].

An alternative method of non-invasive vascular assess-
ment using small vessel–testing is the toe-brachial index 
(TBI). Toe arteries are unaffected by vascular calcifica-
tion due to their narrow caliber. Therefore, toe pressure 
or TBI, can be a useful alternative to ABI [9–14]. How-
ever, the utility of TBI as a vascular assessment tool is 
largely underrecognized due to unavailability and lack of 
data regarding the accuracy of TBI and ABI in diagnos-
ing PAD using diagnostic imaging modalities as reference 
standard.

The aim of our study was to determine the diagnostic 
accuracy of ABI and TBI for PAD in subjects with T2D.

Material and methods
Study design and population
This study was undertaken at the department of Endocri-
nology and metabolism, Diabetes outpatient department 
(OPD), Institute of Post Graduate Medical Education & 
Research, Kolkata, India. Ethical approval was obtained 
from the institutional ethics committee. Informed 
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written consent were taken before participation. For this 
cross-sectional study, we recruited 175 subjects with type 
2 diabetes (T2D) attending our diabetes OPD from April 
2021–June 2022. Participants were selected based on 
lower extremity vascular screening criteria [15].

The inclusion criteria were any subject with T2D 
more than 50-year-old. Current or ex-smokers, subjects 
with contraindications to ankle or toe pressure meas-
urement, like those with active great toe infection or 
ulceration, absent great toe, vasospastic disorders, car-
diac arrhythmias, and history of deep vein thrombosis or 
lymphedema were excluded from the study. Subjects with 
CKD as determined eGFR < 60 ml/min/1.73m2 were also 
excluded.

Sample size calculation
Sample size for our study was calculated based on Fish-
er’s formula:

where N = minimum sample size, Z = the standard nor-
mal deviate corresponding to a 95% confidence level 
(1.96). P = prevalence of peripheral artery disease in sub-
jects with T2DM that is 6.3% [23], Q = complementary 
probability i.e., 1 − P = 1 − 0.063 = 0.937, and d = abso-
lute precision limit desired (5%) = 0.05. Thus N = (1.96)2 
(0.063) (0.937)/ (0.05)2 ≈ 91. Subjects were recruited on 
each diabetes out-patient clinic day until a sample size 
of 91 was attained. Beyond that we continued to recruit 
subjects and at the time of manuscript writing, we had 
recruited 175 subjects.

Clinical examination and baseline data collection
Anthropometry for all subjects were recorded. Height 
was measured with a wall mounted stadiometer; weight 
was recorded with a Essae DS 415 weighing scale. Both 
height and weight were rounded off to the first decibel. 
Body mass Index (BMI) was calculated using the for-
mula weight (kg)/Height (m) 2. Blood pressure (systolic, 
SBP and diastolic, DBP) were recorded in the left arm 
in sitting posture after 15  min rest for all subjects with 
a manual aneroid instrument. Average of three readings 
were taken to arrive at the final value. Blood samples 
for serum creatinine, lipid profile, fasting glucose and 
glycated hemoglobin were collected after 10–12 h over-
night fasting. Serum creatinine was estimated by modi-
fied Jaffe’s method. Serum triglyceride was estimated by 
glycerol peroxidase method. Serum LDL and HDL were 
measured by assay based on polyvinyl sulfonic acid (PVS) 
polyethylene glycol methyl ether (PEGME) coupled clas-
sic precipitation method. Fasting plasma glucose was 

N =

Z2Pq

d2

measured by glucose oxidase peroxidase method. These 
blood tests were measured on a fully automatic Erba 
diagnostics equipment, Mannheim, Germany. High per-
formance liquid chromatography (HPLC) was used to 
estimate glycated hemoglobin (HbA1c) on Biorad 10.

ABI and TBI estimation
All participants were subjected to non-invasive vascular 
testing for recording ABI and TBI bilaterally. The record-
ings were performed by one of two investigators. Dur-
ing the testing session, participants were allowed to rest 
for 10  min in supine position before the recording was 
done. Temperature of the testing room was maintained 
between 23 and 25  °C by air-conditioning. We used the 
fully automatic Hadeco XT -6 ports (Hadeco Inc Japan) 
for recording ABI and TBI. Six cuffs each designated for 
the arm, ankle and toe of each side were applied simul-
taneously. Brachial and ankle pressure were recorded by 
oscillometry and toe pressure by photoplethysmogra-
phy (PPG) with the help of a sensor applied to the distal 
pulp of each great toe fixed with Velcro. While taking toe 
pressure with PPG probe, the unit senses the refection of 
light from the hemoglobin of the red blood cells in the 
surface vessels by utilizing infrared light with the probe. 
The Doppler instrument gave the calculated ABI and TBI 
bilaterally on a computer software-based interface. For 
uniformity the posterior tibial artery was used for ankle 
pressure bilaterally in all subjects. Lower of the two read-
ings (left and right leg) was taken as the final ABI and 
TBI for that subject. ABI less than 0.9 was taken as evi-
dence of PAD. This has been the standard cut-off for ABI 
across previous studies [16]. Similarly, TBI less than 0.6 
was taken as evidence of PAD [17]. The different cut-offs 
for ABI and TBI originate from the fact that normal toe 
pressure is lower compared to ankle pressure because 
of the narrow caliber of toe arteries. 10 random subjects 
were asked to come after 1 week and vascular assessment 
(ABI, TBI) was repeated by second investigator who was 
blinded to the initial findings, to determine inter-rater 
reliability.

CT angiography
CTA of both lower limb arterial system was performed 
with a SIEMENS 128 slice, Somatom definition, single 
source CT scanner. Both lower limbs vessels were stud-
ied form the abdominal aorta down to the distal ankle. 
The lowest possible radiation and contrast exposure was 
used. Presence of stenosis of one or more artery of > 50% 
on any side was taken as evidence of PAD. CTA was used 
as the non-invasive gold standard for our study. The sen-
sitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV) and likelihood ratio of ABI 
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and TBI were calculated against CTA taking an ABI cut-
off of < 0.9 and a TBI cut-off of < 0.6 for PAD detection.

Statistical analysis
D’Agostino & Pearson test was performed to check the 
normality of the distribution of variables. Descriptive 
continuous variables were represented by Mean and SD 
(normally distributed variables) or median and inter-
quartile range (non-normally distributed variables). 
Unpaired t test and Mann Whitney test was performed 
between two groups. Chi-squared test was performed 
for categorical data. Fisher’s exact test was used where 
a specific group contains < 7 subjects. P value less than 
0.05 was considered as statistically significant. For ROC 
analysis, Wilson/Brown test was performed and CI was 
taken at 95%. ROC was plotted for ABI and TBI. Pear-
son’s correlation test and Spearman’s correlation test 
was used to test correlation statistics in the normally 
and non-normally distributed parameters. Correlation 
was determined between ABI and TBI across all ranges 
of ABI. ABI readings were converted to dichotomous 
variable using 0.9 as PAD cut-off. Similarly, TBI was 
also converted to dichotomous variable using 0.6 as 
PAD cut-off. Thereafter, the reliability of both ABI and 
TBI were determined with respect to CTA according 
to presence or absence of PAD as a dichotomous vari-
able using unweighted Cohens K statistics. Intraclass 

correlation coefficients (ICCs) with 95% confidence 
interval (CI) were calculated to determine the level 
of agreement between test and retest for the ABI and 
TBI. Cut-offs suggested by Fleiss were used to interpret 
the ICC values for intertester reliability [18] Cohen’s 
kappa statistic was interpreted by the method proposed 
by Landis and Koch [19]. Statistical analysis was per-
formed by using GraphPad Prism Software version 9.0 
and SPSS version 26. All values were rounded off to one 
decimal.

Results
Baseline characteristics
Based on CTA, the study population was divided into 
two arms: PAD positive and PAD negative. 42/175 
(24%) of the study subjects were found to have CTA 
confirmed PAD. 71.4% subjects were male Table  1 
shows the chief features including demographic fea-
tures of the study population. Other features were not 
significantly different in the two groups.

On careful examination, Table  1 we can draw some 
conclusions. The average age of subjects with periph-
eral arterial disease is higher than those without PAD 
and the difference is also statistically significant. Males 
have more PAD compared to females. History of clau-
dication was reported more among those with CTA 
detected PAD (Fig. 1).

Table 1 Demographic and baseline characteristics of the study subjects

Data are in n (%) or mean ± SD

PAD positive and PAD negative: CTA based diagnosis; ABI: ankle brachial index, TBI: Toe brachial index, LDL: low density lipoprotein, HDL: high density lipoprotein

Variables PAD positive (n = 42) PAD negative (n = 133) p value

Age (years) 59.1 ± 7.3 55.1 ± 7.0 0.0010
Gender Male 37 (88.1) 88 (66.3) 0.0226

Female 5 (11.9) 45 (33.8)

Past stroke Yes 3 (7.1) 9 (6.8) 0.790

No 39 (92.9) 124 (93.2)

Past CAD Yes 6 (14.3) 6 (4.5) 0.0665

No 36 (85.7) 127 (95.5)

H/o Claudication Yes 27 (62) 13 (9.7) 0.0016
No 15(38) 120 (91.3)

Duration of Diabetes (years) 13.0 ± 5.4 13.45 ± 5.2 0.3702

Body mass index (BMI) Kg/m2 24.2 ± 3.7 24.9 ± 3.4 0.1455

Hypertension
(> 140/90 mm Hg)

Yes 19 (45.2) 59 (44.4) 0.3050

No 23 (54.8) 74 (55.6)

Serum triglyceride(mg/dl) 134.0 ± 56.6 169.5 ± 85.9 0.0061

Serum LDL (mg/dl) 90.5 ± 26.7 101.3 ± 34.1 0.0784

Serum HDL mg/dl) 40.39 ± 8.8 41.20 ± 8.7 0.5764

Fasting plasma glucose (mg/dl) 142.5 ± 56.8 141.1 ± 59.4 0.8659

Glycated hemoglobin (HbA1c) g% 8.9 ± 2.3 8.4 ± 1.9 0.3655
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Diagnostic performance
Table 2 is the heart of our study. A careful look at the 
data shows the diagnostic performance of ABI and 
TBI when compared to CTA. While ABI and TBI have 
high and almost equal specificity at diagnosing PAD in 
T2D, the sensitivity of ABI is quite low compared to 
TBI. This essentially means that a normal ABI is likely 
to miss a diagnosis of confirmed PAD. TBI on the 
other hand does not miss confirmed PAD cases. Both 
ABI and TBI are equally able to exclude those without 
PAD. The Likelihood ratio for the two testing modali-
ties also reflects similar trend.

Correlation
Additional file  1: Table  S1 and Fig.  2A–D give detailed 
values of the correlation between ABI and TBI. It is evi-
dent from the table that there is good positive correla-
tion between ABI and TBI when the ABI is less than 0.9. 
Whereas for an ABI more than 1.3 the correlation with 
TBI is very poor. Interestingly the correlation of a so-
called normal. ABI (0.9–1.3) with TBI is even poor, or 
rather negative.

ROC
Receiver operating curves (ROC) for ABI and TBI are 
depicted in Fig. 3A and B respectively. Area under the 
curve (AUC) for ABI is 0.67 (95% CI 0.54–0.79) and the 
analysis was statistically significant (p = 0.002). AUC for 

Fig. 1 Figure 1 shows the major findings of the study. The flow chart shows the study pathway in details with major findings. Starting with 175 
subjects the chart shows the findings based on CTA, ABI and TBI for all subjects. The most striking areas of interest are the segment showing 
the normal ABI (0.9–1.3), where we see a large chunk of subjects have CTA proven PAD and a low TBI.TBI is non-inferior in people with ABI < 0.9 
and is superior in people with ABI > 0.9

Table 2 Sensitivity, specificity, positive predictive value, negative predictive value and likelihood ratio of the ankle brachial index and 
toe brachial index compared with CT angiography

Sensitivity (95% CI) % Specificity (95%CI) % NPV (95% CI) % PPV (95% CI) % Likelihood 
ratio (LR)

ABI 35.29
(0.21 to 0.52)

93.62
(0.88 to 0.97)

57.14
(0.37 to 0.76)

85.71
(0.79 to 0.90)

5.53

TBI 82.35
(0.66 to 0.92)

92.20
(0.87 to 0.96)

71.79
(0.56 to 0.83)

95.59
(0.91 to 0.98)

10.56
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TBI was 0.92 (95% CI 0.86–0.98) with a p value < 0.0001. 
The area under curve (AUC) is higher for TBI com-
pared to ABI. Using the ROC analysis, we also decided 
to find out the best tradeoff value for ABI and TBI. 
ROC showed, ABI of < 1.005 has a 64.71% sensitivity 
and 61.7% specificity for PAD detection whereas, TBI 

< 0.595 has an 82.35% sensitivity and 92.2% specificity 
for PAD detection.

Utilizing Cohen’s Kappa, the reliability of ABI with 
respect to CTA showed fair agreement (K = 0.225, 
p = 0.001), whereas the reliability of TBI with respect 
to CTA showed substantial agreement (K = 0.759, 

Fig. 2 A Correlation plot between ABI and TBI showing positive correlation with statistical significance, though the correlation is weakly positive. 
B Correlation plot between ABI < 1.3 and TBI showing positive correlation with statistical significance. C Correlation plot between ABI < 0.9 
and TBI showing strong positive correlation with statistical significance. D Correlation plot between ABI 0.9–1.3 and TBI showing no correlation 
between the two variables

Fig. 3 Receiver operating curve of ABI (A) and TBI (B)
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p < 0.0001) [17]. The ICCs showed excellent test–retest 
reliability for both ABI (ICC, 0.990; 95% CI, 0.960–0.998) 
and TBI (ICC, 0.983; 95% CI, 0.931–0.996) [18].

Discussion
Ankle brachial Index is commonly used as an office tool 
to detect PAD in subjects with T2D, but has low sensi-
tivity. This limitation can be overcome with toe brachial 
index and it should be the initial tool to assess PAD in 
these subjects. This will help detect PAD early and pre-
vent long term complications.

Peripheral arterial disease is a common yet under-
rated long term complication of type 2 diabetes. PAD is a 
major cause of lower limb ulceration, non-healing of foot 
ulcers, amputation, and mortality in people with diabetes 
[20]. Although much emphasis has been on peripheral 
neuropathy as a foot complication in diabetes, PAD is an 
equal contributor [21].

The prevalence of PAD is a matter of constant debate 
and there are various estimates worldwide. It has largely 
been believed that PAD is less common in India com-
pared to the Caucasian population [22]. The data from 
India is also highly heterogeneous. A study from Eastern 
India based on ABI, gave a very high PAD prevalence of 
36% in subjects with T2D [23]. Another study from north 
India showed a very low prevalence of PAD in T2D at 
1.49% [24]. A study from Kerala, India estimated a prev-
alence of 26% and that from Chennai, India 6.3% [25]. 
Using this prevalence (6.3%), based on CTA, we arrived 
at a PAD prevalence of 24% in people with T2D. It is thus 
evident that prevalence of PAD in T2D varies from one 
part of the country to another and largely depends on the 
diagnostic tool used and cut-offs decided upon. Nonethe-
less, PAD in T2D is not as rare in India as was previously 
thought and we have ample evidence including the pre-
sent study to substantiate this.

While diabetes is associated with PAD, there are 
some established risk factors which increase PAD. The 
basic pathophysiology of PAD is atherosclerosis and 
this increases with age. Therefore, increasing age is an 
accepted risk factor for PAD [26]. We also found in our 
study that subjects with PAD were older compared to 
those without PAD. To further elucidate the effect of 
age as a confounder, correlation between age and ABI / 
TBI was determined. There was no correlation between 
age and either ABI or TBI. PAD has traditionally been 
considered to be more common in men. Though recent 
studies have shown that women are equally affected 
especially after menopause [27]. In our population we 
found males had more CTA confirmed PAD compared to 
women. Claudication is the development of pain deep in 
the muscles of the leg, relieved quickly with rest. Claudi-
cation is suggestive of PAD but is a non-specific sign and 

may be absent in PAD due to concomitant neuropathy. 
Moreover, diabetics without PAD may complain of calf 
pain [28, 29]. Claudication was reported in a substantial 
number of our subjects with PAD, but we do not attrib-
ute much importance to this and rely on diagnostic tools 
for PAD. Other traditional risk factors like dyslipidemia 
and hypertension were not found to be different in those 
with PAD compared to those without PAD. The presence 
of these risk factors would not affect our findings as these 
are traditional risk factors. These will act as contributors 
rather than confounders.

Catheter based angiography remains the gold stand-
ard for diagnosing PAD, but it is invasive and cannot be 
offered as an OPD screening tool [30]. Therefore, non-
invasive OPD based tools have been used for the screen-
ing high risk subjects for PAD including those with 
diabetes. The available non-invasive tests can be simple 
OPD tools like ABI, TBI and TcPO2 or laboratory-based 
modalities like USG color Doppler, CTA, and MR angi-
ography (MRA). ABI has been the most used technique 
to screen for PAD. ABI is simple, cheap, readily avail-
able, easy to obtain and has good sensitivity in healthy 
individuals [31–34]. However it is plagued with a poor 
sensitivity to diagnose PAD in high-risk subjects like peo-
ple with diabetes and renal disease [35]. We also found 
in this study that ABI has a poor sensitivity of about 35% 
for diagnosing PAD in subjects with diabetes. This means 
ABI will miss subjects with confirmed PAD. The specific-
ity on the other hand is an impressive 93% meaning that 
ABI will not diagnose PAD falsely in those without the 
disease. The poor performance of ABI as a screening tool 
is largely due to medial arterial calcification in high-risk 
subjects especially those with diabetes. MAC renders 
peripheral arteries non-compressible and falsely elevates 
ankle pressure and ABI [36].

It has been reported that ABI > 1.3 is associated with 
non-compressible arteries and ABI > 1.3 is considered 
falsely elevated and can miss a diagnosis of PAD. Since 
diabetes is associated with early and widespread arterial 
calcification, the so-called normal ABI (ABI 0.9–1.3) can 
also be affected by MAC and may miss PAD [37]. In our 
study we found that among those with CTA confirmed 
PAD, about 65% subjects had normal or raised ABI. The 
number of subjects with normal ABI (0.9–1.3) was very 
high and had we relied upon ABI as the only tool for 
PAD screening many subjects would have been wrongly 
declared as not having PAD.

Here comes the need for an alternative tool for PAD 
screening. Toe arteries are small caliber arteries and not 
affected by wall calcification. This would mean that the 
problem of non-compressible arteries would not apply 
to toe arteries and that toe pressure would not be falsely 
elevated. TBI calculated using toe pressure and brachial 
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pressure can come to our rescue when ABI is not useful 
[38]. We found that TBI has a sensitivity of more than 
82% in diagnosing PAD in subjects with diabetes. The 
specificity of TBI was also impressive and like ABI. Thus, 
TBI was less likely to either miss CTA confirmed PAD 
or falsely diagnose PAD in those without the disease. 
Reliability testing also demonstrated substantial agree-
ment with CTA diagnosed PAD of TBI compared to ABI. 
Therefore, TBI was a better tool for PAD detection and 
may substitute and not just complement ABI. The corre-
lation between ABI and TBI was also determined as part 
of the present study. We found that ABI < 0.9 had a good 
positive correlation with TBI, so TBI is non-inferior in 
people with ABI < 0.9. On the contrary, ABI > 1.3 as well 
as so-called normal ABI (0.9–1.3) had very poor correla-
tion with TBI. The only drawback with TBI is cost and 
lack of widespread availability of the equipment. Cur-
rent recommendations regarding use of TBI are largely 
restricted to ABI > 1.3, but this does not consider the fact 
that medial arterial calcification in PAD may affect ABI 
even within the normal range [39–41]. We conclusively 
prove from our data that the ABI 0.9–1.3 may not be nor-
mal and thus miss the diagnosis of PAD. All subjects with 
ABI > 0.9 (normal and elevated) should be subjected to 
TBI recordings to diagnose PAD. For those with ABI < 0.9 
there was good agreement with TBI values and CTA 
findings. Therefore, in this category (ABI < 0.9) the find-
ings can be taken as evidence of PAD and need no further 
screening. Receiver operating curve (ROC) analysis for 
ABI and TBI were also obtained in the present study. The 
area under the curve (AUC) for TBI was higher than ABI. 
The ROC analysis was also used to obtain a best trade -off 
value for ABI and TBI. We found that an ABI of < 1.005 
has a 64.71% sensitivity and 61.7% specificity for PAD 
detection whereas, a TBI < 0.6 has 82.35% sensitivity and 
92.2% specificity for PAD detection. Best tradeoff for 
TBI is approximately 0.6 which is the cut-off currently 
accepted as diagnostic of PAD. TBI > 0.6 is believed to 
exclude PAD. ROC showed ABI < 1.0 to be a better cut-
off for diagnosis of PAD. Compared to CTA and TBI, 
ABI < 1.0 (instead to 0.9) had better sensitivity and supe-
rior NPV for detection of PAD, however the specificity 
and PPV was lower. Therefore, altering the ABI cut-off 
may offer some advantage in terms of detecting those 
with PAD, the overall performance can be improved only 
if it is complemented with TBI.

CTA is an excellent modality for PAD diagnosis. The 
sensitivity and specificity of multidetector CTA com-
pared with catheter based invasive angiography is ≈90% 
for detecting PAD [42]. We performed CTA in our study 
subjects with the lowest possible radiation and con-
trast dose. Subjects with CKD were also excluded from 
the study. USG color Doppler was also conducted on all 

our study subjects. Though USG color Doppler is highly 
operator dependent and believed to be less sensitive, we 
found good correlation between CTA and USG color 
Doppler in our study subjects with T2D. Therefore, CTA 
can be avoided in subjects with suspicion of PAD unless 
revascularization is contemplated. This will avoid cost 
and radiation as well. The sensitivity and specificity of 
MRA in detecting PAD with stenosis > 50% is the same as 
CTA, 90% to 100% [43]. However, the procedure is time 
consuming, availability is limited, cost is high and there is 
a potential risk of gadolinium induced nephrogenic fibro-
sis in those with deranged kidney function.

Strengths
Use of CT angiography as a non-invasive gold standard 
comparator is the greatest strength of our study and the 
first ever attempt to do so. CT angiography is highly diag-
nostic for PAD and is not operator dependent. Moreover, 
ABI and TBI recordings with a fully automated Doppler 
made the recording sessions convenient, and there was 
no need for interobserver comparison.

Limitations
Subjects included in the study were selected from the 
largest tertiary care referral diabetes OPD of Eastern 
India. There might me some selection bias in terms of 
duration of diabetes. Most subjects in our study have 
duration of diabetes more than 13  years. A large scale 
multicentric study using similar modalities in a heterog-
enous population will be more informative and substanti-
ated. Longer duration of diabetes is an independent risk 
factor for PAD. Secondly, the study included more male 
than female participants, though we selected subjects 
randomly who walked into our diabetes OPD.

Conclusion
Ankle brachial index commonly used to screen for PAD 
fails to detect all cases particularly in presence of arte-
rial wall calcification. Both a raised ABI (> 1.3) and a 
so-called normal ABI (0.9–1.3) may miss confirmed 
PAD cases. Toe brachial index or TBI can be a useful 
alternative in such circumstances because toe arter-
ies are too small caliber to be affected by wall calcifi-
cation. TBI has good sensitivity as a screening tool for 
PAD in T2D. ABI and TBI also have good correlation 
for a low ABI, but this correlation is low or absent for 
raised or so-called normal ABI. Our study is the first to 
compare ABI and TBI with CT angiography and prove 
TBI scores way ahead of ABI. The currently used cut-off 
of TBI (0.6) provides the best sensitivity and specific-
ity for PAD detection but we propose 1.0 as the upper 
limit cut-off of ABI for best sensitivity and specificity 
as derived from ROC. We therefore recommend that 
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TBI may replace ABI, however due to logistic reasons, 
ABI may continue to be used as an initial screening tool 
given its widespread availability and low cost. However, 
TBI should be the bedside tool of choice in detecting 
PAD in T2D with ABI > 0.9
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