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ABSTRACT
OBJECTIVES: In diabetic patients, there is a discrepancy in guidelines for ankle-brachial index (ABI) screening 
for peripheral arterial disease (PAD). While diabetes organizations suggest the value of upper limit of normal 
ABI to be 1.3, cardiologists recommend 1.4. Also, guidelines recommend using the higher value of ankle pres-
sure (HAP) but multiple recent studies propose the opposite (LAP). 
METHODS: In this prospective study, we performed ABI measurements in 62 diabetic patients. Results were 
calculated by comparing higher and lower values of ankle pressure to those of duplex ultrasound (stenosis ≥ 50 
% was considered PAD). Special attention was paid to patients with high and non-measurable ABI.
RESULTS: LAP ABI appears to be a preferable method for PAD screening in diabetics. The upper cut-off value 
of 1.4 yielded better results with sensitivity of 93 % and negative predictive value of 91 %. No limbs with ABI 
between 1.3 and 1.4 with signifi cant stenosis were found. However, using HAP for the upper cut-off captured 
additional PAD patients. PAD was abundant among patients with high or non-measurable ABI.
CONCLUSIONS: LAP should be used for assessing low ABI (cut-off 0.9) while HAP for detecting the abnormally 
high ABI. The preferable high ABI cut-off is 1.4. Condition with abnormally high or non-measurable ABI should 
be considered as PAD (Tab. 3, Ref. 22). Text in PDF www.elis.sk.
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Introduction

Peripheral arterial disease (PAD) is one of the most com-
mon complications of diabetes, carrying the risk of developing 
critical limb ischemia and need for amputation of the affl icted 
limb. Besides, it is also a known risk factor for the presence of 
other vascular diseases such as cardiovascular or cerebrovascular 
events (1, 2). One of the problems often associated with PAD is 
the asymptomatic character of the disease, particularly in diabetic 
patients who often develop diabetic neuropathy preventing them 
from feeling the claudication. This is probably the most typical 
symptom of PAD (3).

Ankle-brachial index (ABI) is the principal PAD screening 
tool in both diabetic and non-diabetic patients (3). According to 
guidelines, ABI is acquired by dividing the higher value of sys-
tolic blood pressure measured from two ankle arteries (dorsalis 
pedis and posterior tibial artery) by the value of arm blood pres-

sure. Values below 0.9 indicate a likely PAD while excessively 
high values suggest incompressible arteries (4). 

The method of choice for ABI measurement is the use of Dop-
pler handheld probe, although some studies reported a good agree-
ment between the Doppler measurement and a simpler and faster 
oscillometric measurement (5, 6). As the blood pressure in both 
ankle arteries should be measured, it is then necessary to decide 
which one to use. As mentioned above, the guidelines recommend 
using the higher value of arterial pressure. However, it has been 
suggested that the opposite could provide better results – using 
the lower arterial pressure at the ankle level, which could increase 
the sensitivity (7–10). 

While there are no controversies concerning the lower cut-off 
for normal ABI (1.0 with the interval from 0.9 to 1 as borderline), 
there is however a discrepancy between the recommendations by 
cardiology organizations and diabetes/endocrinology organizations 
with respect to the upper limit of normal ABI. While the Ameri-
can Diabetes Association and American Association of Clinical 
Endocrinologists suggest the upper cut-of for normal ABI values 
to be 1.3 (2, 11), the cardiology/vascular organizations such as 
European Society of Cardiology (1), American College of Cardi-
ology and American Heart Association (4, 12) consider the cut-
off value to be 1.4.

High ABI values are generally associated with non-compress-
ible arteries due to medial calcinosis, which is relatively com-
mon in diabetic patients (13) and can distort the effectiveness of 
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ABI as a PAD predictor. As diabetic patients form an especially 
vulnerable group with respect to PAD, the understanding of the 
reliability of ABI for PAD detection in diabetic patients and as-
sessing the best way of calculating ABI is crucial to preventing 
underdiagnosis.

Studies focused solely on this high-risk group of patients are 
still relatively rare. For this reason, we performed a prospective 

study, in which we compared results of ABI calculations using 
higher value of ankle pressure (HAP) and lower value of ankle 
pressure (LAP) in diabetic patients and compared the results with 
the results of duplex ultrasound (DUS). We investigated (a) the 
effect of the method of ABI calculation on the screening test per-
formance, (b) effect of different upper cut-offs recommended by 
different organizations, i.e. 1.3 or 1.4 and (c) relationship between 
high ABI (including cases where ABI could not have been mea-
sured due to incompressible arteries) and DUS fi ndings.

Methods

A total of 62 consecutive diabetic patients treated at our car-
diovascular outpatient clinic in Ostrava, Czech Republic, were 
recruited for the study. All patients were fully informed and signed 
an informed consent. 

Exclusion criteria included critical limb ischemia (Fontaine 
III, IV/Rutherford 4–6), age < 18, any limb amputation, renal 
failure of grade G5 according to CKD KDIGO classifi cation, and 
any active cancer.

All measurements for each individual patient were performed 
during one visit in identical sequence. Full medical history and 
basic measurements (height, weight) were taken prior to actual ex-
aminations. Doppler measurements were performed in accordance 
with AHA guidelines for ABI measurement (14) using a digital 
vascular doppler HUNTLEIGH Dopplex DMX (Huntleigh Health-
care, United Kingdom) with an 8-MHz probe. Where no systolic 
pressure could be measured, the fact was recorded. 

General characteristics Mean (min;max)
Age (years) 68 (42;83)
BMI 31(22;47)
Sex (male/female) 46/16
Diabetes + treatment
Years from DM diagnosis 8(0;23)
oral antidiabetics 27
insulin 9
Complications/risk factors
Smoking (current/former/non-smoker/not stated) 13/20/24/5
Hypertension 50
Dyslipidemia 55
History of vascular diseases (any coronary artery 
disease/angina pectoris/myocardial infarction/stroke
/cardiostimulator)

42/19/15/13/8

Polyneuropathy 20
Nephropathy 2
PAD symptoms
No PAD symptoms or Fontaine I 40
Fontaine II 22

Tab. 1. Group characteristics.

ABI affl iction cut-off
Only patients with ABI below upper limit All patients, any abnormality in ABI denotes disease

ABI HAP ABI LAP ABI HAP ABI LAP

1.3

Sensitivity 64.3 93.3 71.4 94.3
Specifi city 85.0 73.9 63.0 63.0
PPV 85.7 82.4 71.4 76.7
NPV 63.0 89.5 63.0 89.5
False pos rate 15.0 26.1 37.0 37.0
False neg rate 35.7 6.7 28.6 5.7

1.4

Sensitivity 64.3 93.3 71.4 94.3
Specifi city 87.5 76.9 77.8 74.1
PPV 85.7 82.4 80.6 82.5
NPV 67.7 90.9 67.7 90.9
False pos rate 12.5 23.1 22.2 25.9
False neg rate 35.7 6.7 28.6 5.7

Tab. 2. Test parameters for ABI performance using DUS as true data for different upper cut-offs (1.3 or 1.4) including and excluding the pa-
tients with ABI exceeding these cut-offs or in whom ABI could not have been measured.

 Stenosis ≥ 50% Stenosis < 50%
Only limbs with ABI measurement failure 11 (79%) 3 (21%)

ABI result (high ABI or measurement failure only)
HAP LAP

Stenosis ≥ 50% Stenosis < 50% Stenosis ≥ 50% Stenosis < 50%
1.3<ABI<1.4 0 (0%) 8 (100%) 0 (0%) 3 (100%)
ABI>1.4 6 (50%) 6 (50%) 2 (100%) 0 (0%)
Overall     
ABI>1.3 or measurement failure 17 (50%) 17 (50%) 13 (68%) 6 (32%)

ABI>1.4 or measurement failure 17 (65%) 9 (35%) 13 (81%) 3 (19%)

Tab. 3. Detailed analysis of limbs with high ABI and those in which systolic blood pressure could not have been measured.
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Duplex ultrasound scanning was performed using Vivid S6 
Ultrasound System (GE Healthcare, USA) with 8L-RS - a 5–13 
MHz linear transducer and 4C-RS 1.8–6 MHz curvilinear trans-
ducer. Each limb was examined with patient in a supine position 
in the direction from thigh to ankle. Any stenosis was recorded, 
while those ≥ 50 % were considered as proof of PAD and used 
for subsequent analyses.

The obtained results were processed in MS Excel (Micro-
soft, USA). For each limb, we calculated ABI using the lower 
ankle pressure (LAP) and the guideline-proposed higher ankle 
pressure (HAP). For each patient, the more abnormal value from 
both limbs (both for ABI and stenosis) was then used for further 
analyses. The value of 0.9 was used as the lower cut-off for nor-
mal ABI.

Subsequently, confusion matrices were prepared comparing 
results of individual ABI categories when compared to steno-
ses detected by DUS and test parameters (sensitivity, specifi city, 
positive predictive value (PPV), negative predictive value (NPV), 
false positive and false negative rates) were calculated. To further 
analyze the upper cut-off of normal ABI values, i.e. ABI in range 
from 1.3 to 1.4, the calculations were performed for both ABI cut-
offs, i.e. > 1.3 and > 1.4. To evaluate the situation with patients 
whose ABI was higher than the upper cut-off and those in whom 
any of the measurements failed, the same analysis was performed 
while both including and excluding thus affected limbs from the 
analysis. This analysis was assessed per limb. 

Results

The group characteristics including risk factors are summa-
rized in Table 1.

The results of test parameters for individual cut-offs and with 
inclusion and exclusion of patients in whom abnormally high ABI 
was detected or measurement failed are summarized in Table 2. 
Table 3 then shows numbers of individual limbs with abnormally 
high ABI (with different cut-offs) in relation to the presence or 
absence of a signifi cant (≥ 50 %) stenosis along with the percent-
age representation of the occurrences.

It is obvious from Table 2 that LAP performed consistently 
better than HAP in all calculations. The only parameters where 
the results of HAP were superior to those of LAP were specifi c-
ity and false positive rate, which was however at the expense of 
sensitivity and negative predictive value.

The change of cut-off value from 1.3 to 1.4 had no effect 
on sensitivity of either HAP or LAP and slightly improved the 
specifi city and false positive rate values. The overall sensitivity 
of ABI LAP to detect a signifi cant stenosis was excellent with 
93.3 % (if patients with abnormally high or non-measurable ABI 
were excluded) or 94.3 % (when these patients were included 
into the analysis). Other parameters such as positive and nega-
tive predictive values were also satisfactory for LAP, albeit with 
false positive rate of 23.1, being the only and relatively minor 
drawback.

Table 3 details the situation of individual limbs with abnor-
mally high ABI values or those where it was impossible to perform 

the measurement. Almost 80 % of limbs in which it was impossible 
to perform the measurement of the systolic blood pressure at the 
ankle had a stenosis of at least 50 %. HAP in general returned (as 
expected) more abnormally high ABI values, however the number 
of false positive results was high. When cut-off value of 1.3 was 
considered, only 6 out of 20 limbs (30 %) detected by HAP as ab-
normally high were affl icted, whereas when considering cut-off 
value of 1.4 the latter number climbed to still unconvincing 50 %. 
On the other hand, LAP detected signifi cantly fewer abnormally 
high values and a signifi cant stenosis was detected by DUS in 
both limbs with ABI over 1.4. Most notably, no signifi cant steno-
sis was found in any of the limbs with ABI between 1.3 and 1.4 
using either LAP or HAP. 

The cut-off value of 1.4, when considering all patients with 
abnormally high ABI as well as patients in whom measurement 
failed as affl icted, did not compromise the screening test perfor-
mance in any way. 

Discussion

In this study on a group of diabetic patients, we assessed the test 
performance per patient rather than per limb. The principal reason 
for this choice was the fact that ABI should not be perceived as a 
diagnostic test but rather as a screening test for selecting patients 
who should be referred for further examinations and treatment. 
As such, it is of our opinion that the identifi cation of such patients 
should crucially be based on understanding how ABI performs, 
not on individual limbs.

Using the lower value of pressure from arteries measured 
at the ankle level yielded signifi cantly better results than the 
guideline recommending the use of higher value of ankle pres-
sure in all instances, which is in good agreement with numbers 
reported by Schröder et al (9). Although it is true that the speci-
fi city and associated false positive rates are better for HAP, it is 
at the expense of the most important screening test parameters, 
i.e. sensitivity and negative predictive values. For a screening 
test, the crucial factor is to correctly identify as many patients 
with the disease as possible while at the same time keeping the 
false positives to minimum. In this respect, LAP performed ex-
ceedingly well, capturing over 93 % of patients with PAD with 
false positive rates in the region of 25 %. In other words, ABI 
calculated from lower values of ankle pressure and cut-off value 
of 1.4 can identify correctly almost all diabetic patients with PAD 
and relatively safely exclude approximately three-quarters of 
healthy patients from further examinations. In our opinion, it is 
an excellent result for such an inexpensive test, especially when 
compared with the results of HAP recommended by guidelines. 
We therefore believe that LAP method of calculating ABI should 
be used for diabetic patients. This is also the most likely reason 
why previous studies focused on diabetic patients (e.g. 15–19, 
22) reported poor results of ABI as they either adhered to HAP 
calculation, or, in the case of Premalatha et al., used the mean 
of both ankle pressures. 

It is obvious from Table 3 that when experienced personnel 
cannot successfully perform the measurement (the reason for 
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which is usually the impossibility to infl ate the cuffs suffi ciently 
to stop the blood fl ow due to medial calcinosis), it is also a sig-
nifi cant marker of a possible stenosis of the arteries as in almost 
80 % of such affected limbs, stenoses of at least 50 % were de-
tected. The results indicate that in diabetic patients, medial cal-
cinosis as the sole reason of fully incompressible arteries (i.e. 
where blood pressure could not have been measured) is present 
only in 20 % of cases, while the remaining 80 % of cases are af-
fl icted with PAD. 

Where ABI values were measurable but exceeding 1.4, we 
registered PAD presence in both cases of high LAP (i.e., where 
blood pressure in both ankle arteries was signifi cantly lower 
than brachial blood pressure) while only 50 % fi t when HAP 
was concerned. However, the HAP calculation indicated the 
presence of PAD in 12 patients, 6 of which indeed suffered from 
PAD, while LAP calculation captured only two cases. This in-
dicates that for the evaluation of the higher cut-off, the method 
of calculation with HAP in compliance with guidelines could be 
more suitable. 

When considering only results detailing ABI values within the 
range of 1.3 to 1.4, we can see that none of these were associated 
with PAD. Although the number of these patients was very small, 
it is still an indication that results acquired using the lower cut-off 
value of 1.3 are inferior to those acquired using the cut-off value of 
1.4. This is not as much apparent in the table with test parameters 
(the reason being that there were very few patients with both limbs 
falling within that range) but it can be clearly seen from the results 
in Table 3. In any case, the results confi rm the logical conclusion 
which is in accordance with that of Aboyans et al (20), namely 
that the patients with high ABI (and we should say also those in 
whom it was impossible to perform the measurement) should be 
referred for further examinations and considered highly suspect 
of suffering from PAD. This conclusion is also supported by the 
results of test parameters, which were not compromised in any 
way when including the high ABI patients into the calculations 
as PAD patients.

Our prospective study was performed on a group of 62 patients, 
which is in the same range as other prospective and even some 
retrospective studies dealing with the topic of ABI evaluation in 
diabetic patients (15–17, 20–22). We appreciate the fact that further 
confi rmation of our results would benefi t from a greater number 
of patients, especially in the high ABI region, however we still 
believe our results to be of suffi cient validity.

Conclusions

In conclusion, based on our results, we propose the following 
for ABI measurement in diabetic patients:
– for assessment of abnormally low ABI (< 0.9), the lower value 

of blood pressure measured from two ankle arteries should be 
used (LAP method), which provides excellent results,

– the high cut-off of ABI for assessment of abnormally high ABI 
should be as per cardiology guidelines, i.e. 1.4 (1, 4, 12), rather 
than 1.3 as suggested by endocrinologists/diabetologists (2, 11),

– for assessment of abnormally high ABI, the higher value of blood 
pressure measured from two ankle arteries is likely to provide 
better sensitivity. In effect, both HAP and LAP values should 
be calculated for each patient and the more abnormal value for 
both cut-offs used for diagnosis, 

– all patients with abnormally high ABI and patients in whom it 
is impossible to perform the measurement should be considered 
vulnerable to PAD and referred for further examination using 
imaging techniques such as DUS.
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