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Summary
Introduction: Peripheral arterial disease (PAD) remains underdiagnosed and under-
treated, partly because of limitations in the Doppler ankle-brachial index (ABI), the 
non-invasive gold standard.
Objective: This systematic review and meta-analysis aims to compare the diagnostic 
accuracy of the oscillometric ABI and the Doppler ABI, and to examine the influence 
of two approaches to analysis: legs vs subjects and inclusion of oscillometric errors as 
PAD equivalents vs exclusion.
Methods: Systematic searches in EMBASE, MEDLINE, Web of Science and the 
Cochrane Library databases were performed, from inception to February 2017. 
Random-effects models were computed with the Moses-Littenberg constant. 
Hierarchical summary receiver operating characteristic curves (HSROC) were used to 
summarise the overall test performance.
Results: Twenty studies (1263 subjects and 3695 legs) were included in the meta-
analysis. The pooled diagnostic odds ratio (dOR) for the oscillometric ABI was 32.49 
(95% CI: 19.6-53.8), with 65% sensitivity (95% CI: 57-74) and 96% specificity (95%CI: 
93-99). In the subgroup analysis, the “per subjects” group showed a better perfor-
mance than the “per legs” group (dOR 36.44 vs 29.03). Similarly, an analysis consider-
ing oscillometric errors as PAD equivalents improved diagnostic performance (dOR 
31.48 vs 28.29). The time needed for the oscillometric ABI was significantly shorter 
than that required for the Doppler ABI (5.90 vs 10.06 minutes, respectively).
Conclusions and relevance: The oscillometric ABI showed an acceptable diagnostic 
accuracy and feasibility, potentially making it a useful tool for PAD diagnosis. We rec-
ommend considering oscillometric errors as PAD equivalents, and a “per subject” in-
stead of a “per leg” approach, in order to improve sensitivity. Borderline oscillometric 
ABI values in diabetic population should raise concern of PAD.

1  | INTRODUCTION

Peripheral arterial disease (PAD) is an age-dependent manifestation 
of atherosclerosis, which is highly prevalent in Western countries. 
Uncommon before the age of 50, its rates increase to about 20% by 

the age of 80.1 Moreover, PAD has proved to be an independent risk 
factor for coronary artery and cerebrovascular disease, and all-cause 
mortality.2

However, this condition remains both underdiagnosed and under-
treated, with no consensus regarding on whom and when screening 
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should be performed.3-5 Underdiagnosis can be attributed to the fact 
that only one out of three patients suffering from PAD are symptom-
atic,6 and because invasive catheter digital subtraction angiography, 
which is considered the gold standard for PAD diagnosis, is an inva-
sive test that requires both iodinated contrast and ionising radiation. 
Nevertheless, patients with PAD but without claudication are also at 
increased risk of cardiovascular disease and mortality.7

Thus, in an attempt to overcome angiography limitations, the 
Doppler ankle-brachial index (ABI), because of its simplicity and avail-
ability, is considered the non-invasive gold standard for PAD. However, 
there is a lack of standardisation in ABI measurements. While the 
American Heart Association suggests using the higher Doppler value 
between posterior tibial or dorsalis pedis arteries, others recommend 
the lower value in an attempt to improve sensitivity in PAD diagno-
sis8,9 and cardiovascular risk prediction.10 In addition, although PAD is 
classically defined as an ABI ≤0.9, the ideal cut-off may be influenced 
by clinical setting variables such as population characteristics or dis-
ease prevalence.11

ABI measured by oscillometry is a simple, reproducible and au-
tomatic method that is becoming popular, since it surpasses the lim-
itations of the Doppler with regards to equipment, training and time 
constraints. Both the oscillometric and the Doppler ABI techniques are 
not fully standardised, in such a way that several procedures have been 
suggested: simultaneous vs sequential and unique vs multiple mea-
surements. In addition, studies comparing the oscillometric ABI with 
the Doppler ABI differ in whether they consider calcified members and 
oscillometric errors as PAD equivalents or not. Moreover, two units of 
analysis are equally used yielding potentially different results: those 
analysing legs as independent measurements and those analysing sub-
jects (defining as PAD subjects those with one or two pathological legs).

A previous meta-analysis reported that the oscillometric ABI is a 
reliable and practical alternative to the conventional Doppler ABI, with 
69% sensitivity and 96% specificity.12 However, although it has been 
reported that some statistical methods for meta-analyses of diagnostic 
accuracy might result in misleading summary estimates of sensitivity 
and specificity, no previous study has comprehensively reviewed and 
compared the accuracy of both the oscillometric and the Doppler 
method using Hierarchical Summary Receiver Operating Characteristic 
(HSROC), which is currently considered the most rigorous multivariate 
meta-analysis approach.13

Thus, the present study aims to identify and evaluate evidence re-
garding the diagnostic performance of the oscillometric ABI to detect 
PAD as compared with the Doppler ABI using HSROC meta-analysis 
procedures, and to examine the influence of two strategies of analysis: 
(i) subjects vs legs, and (ii) oscillometric errors analysed as PAD equiv-
alents vs exclusion of oscillometric errors.

2  | METHODS

2.1 | Protocol and registration

The protocol of this study was included in PROSPERO as “The ac-
curacy of oscillometric ankle-brachial index in the diagnosis of lower 

limb peripheral arterial disease. The influence of two units of analysis 
and oscillometric errors: a systematic review and meta-analysis” with 
the registration number: CRD42016051120.

2.2 | Literature search

We systematically searched MEDLINE (via PubMed), EMBASE, the 
Cochrane Central Register of Controlled Trials, the Cochrane Database 
of Systematic Reviews and the Web of Science databases from their 
inception to February 2017. The search strategy comprises three com-
prehensive search terms combined with Boolean operators: (“ankle 
brachial index” OR “ankle brachial indices” OR “ankle-brachial” OR 
“ankle-arm”) AND (oscillomet* OR automat*) AND (usefulness OR 
accuracy OR sensitivity OR specificity OR comparison OR diagnosis 
OR diagnostic). The literature search was complemented by reviewing 
citations of the articles considered eligible for the systematic review. 
These steps were performed independently by two reviewers (AH and 
CA) and disagreements were solved by consensus or involving a third 
researcher (IC).

2.3 | Selection criteria

We aimed to identify original articles analysing the diagnostic per-
formance of the oscillometric ABI (index test) compared with the 
Doppler ABI (reference standard) used to diagnose PAD. The follow-
ing inclusion criteria were used: (i) study participants: individuals aged 
≥18 years; (ii) the oscillometric ABI as the index test; (iii) the hand-
held continuous wave Doppler ABI as the reference standard test; 
(iv) outcome: PAD diagnosis; and (v) study design: cross-sectional and 
comparative studies with either prospective or retrospective data 

Review criteria
•	 Systematic searches in EMBASE, MEDLINE, Web of 

Science and the Cochrane Library databases were per-
formed through predefined search criteria. Studies re-
porting a 2 × 2 contingency table comparing Doppler ABI 
(reference test) and oscillometric ABI (index test) were 
included.

Message for the clinic
•	 The oscillometric ankle-brachial index (ABI) has proven 

good diagnostic performance and excellent feasibility; 
thus, it might be a useful tool for diagnosing peripheral 
arterial disease (PAD).

•	 To detect individuals at high cardiovascular risk, we sug-
gest considering oscillometric errors as PAD equivalents 
and a “per subject” instead of a “per leg” approach as the 
unit of analysis.

•	 Borderline oscillometric ABI values in diabetic population 
should raise concern of PAD.
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collection. The exclusion criteria were: (i) insufficient data to calculate 
diagnostic odds ratio (dOR); (ii) studies conducted only on patients di-
agnosed with PAD; and (iii) studies written in a language other than 
English or Spanish. When the same study reported ABI measurements 
using two different oscillometers14 or observers,15 those maximising 
dOR were chosen for the meta-analysis. Studies in which a double 
analysis was possible,16,17 “per subjects” and “per legs” analysis, an 
analysis “per legs” was computed for the global meta-analysis because 
it yielded narrower confident intervals.

2.4 | Data extraction and quality assessment

After analysing original reports, the following data were extracted: 
(i) author identification, (ii) year of publication, (iii) Doppler ABI cal-
culation, (iv) oscillometric ABI calculation, (v) oscillometric device, (vi) 
Doppler probe, (vii) average time to perform the Doppler ABI and the 
oscillometric ABI techniques, (viii) setting, (ix) age, gender and number 
of participants, (x) prevalence of diabetes mellitus, (xi) prevalence of 
PAD, (xii) whether or not calcified limbs and oscillometric errors were 
excluded from analysis, (xiii) unit of analysis (subjects vs legs), (xiv) pa-
rameters summarising the accuracy of the test: cut-off, area under the 
curve (AUC), and a 2 × 2 contingency table (true positives, true nega-
tives, false positives and false negatives) to calculate dOR, sensitivity 
and specificity. When necessary, we directly contacted the authors for 
additional data. Studies from which it was not possible to collect a 
2 × 2 contingency table were excluded from the meta-analysis.

Quality assessment of studies was performed using the Quality 
Assessment of Diagnostic Accuracy Studies-2 tool (QUADAS-2) to 
evaluate four domains in each study: (i) patient selection, (ii) index test, 
(iii) reference standard and (iv) flow of patients and timing of the tests. 
All four domains were evaluated regarding the risk of bias and the first 
three domains were also evaluated in terms of concerns regarding the 
applicability of results.18

Two investigators (AH and CA) assessed each study’s methodolog-
ical quality independently and disagreements were resolved by con-
sensus or with a third investigator (IC).

2.5 | Statistical analysis and data synthesis

This study is reported according to the PRISMA statement19 and it 
fulfils the Cochrane Collaboration Handbook recommendations.20

The dOR, sensitivity, specificity, positive likelihood ratio (PLR) and 
negative likelihood ratio (NLR), as well as their corresponding 95% 
confidence intervals (CIs), were calculated globally and by subgroups. 
A continuity correction was made by adding 0.5 to all cell counts of 
the 2 × 2 tables to avoid indeterminate values of dOR, PLR and NLR.21 
PLR and NLR were directly meta-analysed after excluding a significant 
threshold effect, which was studied through correlation between sen-
sitivity and specificity, and a “shoulder-like” appearance of the HSROC 
curve.22

The dOR is a measure of the effectiveness of a diagnostic test that 
combines sensitivity and specificity into a single number, which could 

take values from 0 to infinity.23 A value of 1 indicates null diagnostic 
ability of the test, while higher values represent better discriminatory 
test performance. Moses’ constant of linear model was used to com-
pute the dOR. This approach is based on the regression line using the 
logit of the dOR of each study as a dependent variable and an ex-
pression of the positivity threshold of the study as an independent 
variable.24

HSROC curves were used to summarise the overall test perfor-
mance. They were also used to evaluate the magnitude of hetero-
geneity, in such a way that wider prediction regions suggest larger 
heterogeneity.25,26 Additionally, the I2 statistic was used to evaluate 
heterogeneity across studies, with values of <25%, 25%-50% and 
>50% corresponding to small, medium and large heterogeneity, re-
spectively.27 Because of large heterogeneity in most cases, dOR es-
timates were pooled using a random-effects model with the Der 
Simonian and Laird method.

Subgroup analyses were conducted according to factors po-
tentially causing heterogeneity, such as unit of analysis (“per sub-
jects” vs “per legs”), oscillometric error consideration (inclusion vs 
exclusion) and the nature of the populations (Primary care, inter-
mediate cardiovascular risk clinics and Vascular services). The “per 
legs” analysis considered each leg as an independent unit of analy-
sis for comparing the oscillometric and the Doppler measurements. 
Conversely, in the “per subjects” analysis, individuals rather than 
legs were the unit of analysis, considering as PAD subjects those 
with at least one leg with an ABI ≤0.9. In the subgroup analysis, 
oscillometric errors are defined as the incapacity of the oscillom-
eter to report a value of ankle blood pressure. When oscillometric 
errors were included into the analysis, they were considered as PAD 
equivalents.

Random-effects univariate and multivariate meta-regressions 
were used to separately evaluate the effects of potential covariates 
in dOR, sensitivity and specificity: (i) unit of analysis (subjects vs legs); 
(ii) oscillometric errors (inclusion vs exclusion); (iii) calcified legs (in-
clusion vs exclusion); (iv) timing of oscillometric measurements (si-
multaneous vs sequential); (v) validation of oscillometric devices (yes 
vs no); (vi) oscillometric devices specifically designed for ABI (yes vs 
no); (vii) standard oscillometric and Doppler calculation (yes vs no); 
(viii) Doppler test blinded to the oscillometric test results (yes vs 
no); (ix) population recruitment (consecutive vs not) and (x) patients’ 
characteristics: age, gender, sample size, prevalence of diabetes and 
prevalence of PAD.

Sensitivity analyses were conducted by removing studies one by 
one in order to assess the robustness of the summary estimates and to 
detect whether any particular study accounted for a large proportion 
of heterogeneity.

Finally, publication bias was assessed using both Deeks’ statistical 
test and a funnel plot.28 Publication bias is suspected when a non-
vertical line for the slope of the coefficient is present (P < .10), thus 
proving asymmetry.

Statistical analyses were performed using StataSE software, ver-
sion 14 (Stata Corp, College Station, TX, USA).



4 of 14  |     HERRÁIZ-ADILLO et al.

3  | RESULTS

3.1 | Baseline characteristics

The search retrieved a total of 472 articles, of which 209 were dupli-
cates. After screening the titles and abstracts of the remaining 263 
studies, 155 were excluded on the basis of the previously described 
criteria, leaving 108 full-text articles to be reviewed. Of those, 77 
were excluded, leaving 31 articles for qualitative synthesis and 20 for 
the final meta-analysis, shown in Figure 1.19

The 31 studies comprising this review included 5527 participants: 
11 studies (n = 1760) used “per subjects” analysis, 11 studies (n = 1947) 
used “per legs” analysis and 11 studies (n = 2125) did not clearly de-
scribe the strategy of analysis, shown in Table 1. After exclusions, 1538 
subjects (11 studies) and 3695 legs (11 studies) were analysed. Reasons 
for such exclusions were: (i) limb calcification,16,17,29-34 (ii) oscillometric 
errors14,31,33,35-39 and (iii) not all participants had their limbs measured 
using both the oscillometric and the Doppler.40 In two studies,16,17 a 
double analysis (“per subjects” and “per legs”) was performed.

The studies were conducted in 18 countries, with participants 
ranging in age from 46.9 to 79.6 years. The prevalence of PAD across 
studies considering subjects (one or two pathological legs) and legs 
varied from 8.9% to 41.8% and from 1.1% to 56.7%, respectively. 
Studies which used “per legs” analyses as compared with those 
using “per subjects” analyses involved younger participants (60.5 vs 
64.5 years old), more women (49.1% vs 38%), less prevalence of dia-
betes (29.8% vs 37.9%), less cardiovascular events (16.5% vs 24.4%), 

similar mean oscillometric ABI (1.063 vs 1.062) and higher mean 
Doppler ABI (1.101 vs 1.038).

3.2 | Study quality

Quality assessment of the included studies was performed using the 
QUADAS-2 tool. Most studies had bias in patient selection (domain 1) 
and in the reference test (domain 3), see Figure S1. Considering pa-
tient selection, six studies (30%) had exclusions that were a potential 
risk of bias (PAD subjects)15,29,33,35,40,41 and in two studies (10%),15,17 
there was concern about a case–control design. In eight studies 
(40%), the reference standard did not fulfil the standard ABI calcu-
lation16,32,35,38-40,42,43 and in four studies (20%),16,31,39,41 the Doppler 
test was not blinded from the oscillometric test results. One study 
(5%)40 had partial verification bias.

Table S1 provides detailed data on the QUADAS-2 assessment of 
the studies and the rules used to score each domain.

3.3 | Meta-analysis

Figure 2 depicts the dOR forest plot of the included studies. 
Heterogeneity across studies comparing oscillometric and Doppler 
ABI measurements was high in dOR (I2 = 75.6%), moderate in sen-
sitivity (I2 = 46.1%) and absent in specificity (I2 = 0.0%). The pooled 
estimates for the diagnosis of PAD were 32.49 for dOR, 65% for sen-
sitivity, 96% for specificity, 15.33 for PLR and 0.30 for NLR. Table 2 

F IGURE  1 Literature search PRISMA 
flow diagram
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depicts the global estimates of accuracy in the diagnosis of PAD. 
Figure 3 shows the global HSROC curve estimating the discriminating 
accuracy of the oscillometric ABI for identifying PAD.

Figures 4 and 5 depict the global forest plots of sensitivity and 
specificity in the meta-analysis.

3.4 | Time of measurements in Doppler ABI and 
oscillometric ABI

Six and seven studies reported time of measurements in the Doppler 
ABI and the oscillometric ABI, respectively. The Doppler ABI time 

F IGURE  2 Forest plot of the diagnostic odds ratio of the oscillometric ankle brachial index in comparison to the Doppler ankle brachial index 
to detect peripheral arterial disease

TABLE  2 Pooled estimations of accuracy parameters in the diagnosis of peripheral arterial disease: global, by unit of analysis (“per subjects” 
vs “per legs”) and regarding oscillometric errors (included vs excluded)

Type of analysis
No. of 
studies Sensitivity (%) Specificity (%) PLR NLR dOR

Global 20 65 (57-74) 96 (93-99) 15.33 (8.8-26.8) 0.30 (0.18-0.50) 32.49 (19.6-53.8)

“Per subjects” 11 67 (57-78) 95 (90-100) 21.79 (10.3-46.0) 0.27 (0.13-0.54) 36.44 (16.7-79.3)

“Per legs” 11 62 (51-76) 96 (92-99) 12.50 (5.8-26.8) 0.33 (0.16-0.67) 29.03 (14.6-57.9)

OSC errors included as 
PAD equivalents

11 63 (50-78) 94 (89-99) 15.25 (7.2-32.3) 0.26 (0.13-0.51) 31.48 (13.6-72.9)

OSC errors not included 11 58 (46-74) 95 (90-100) 15.57 (7.2-33.8) 0.31 (0.15-0.62) 28.29 (13.2-60.6)

dOR, diagnostic Odds Ratio; OSC, oscillometric; NLR, negative likelihood ratio; PAD, peripheral arterial disease; PLR, positive likelihood ratio. Values in 
parentheses are 95% confidence intervals.
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measurements ranged from 6.65 to 14.00 minutes, while those of the 
oscillometric ABI ranged from 2.0 to 8.1 minutes. The time needed for 
the Doppler ABI was significantly longer (10.06 minutes, 95% CI: 6.76-
13.35) than that required for the oscillometric ABI (5.90 minutes, 95% 
CI: 5.08-6.73), also showing higher intra and inter study variability, see 
Figure S2.

3.5 | Subgroup analysis

3.5.1 | Unit of analysis (“per subjects” vs “per legs”)

“Per subjects” analyses showed higher dOR than “per legs” analyses: 
36.4 (I2 = 73.5%) vs 29.0 (I2 = 80.7%), see Figure S3. Pooled estimates 
of accuracy parameters in this subgroup analysis (sensitivity, specific-
ity, PLR and NLR) are depicted in Table 2. Figures S4 and S5 show the 
HSROC curves by unit of analysis.

3.5.2 | Inclusion or not of oscillometric errors

When oscillometric errors were analysed as PAD equivalents, dOR and 
sensitivity increased from 28.29 to 31.48 and from 58% to 63%, respec-
tively. Specificity did not change substantially (95% vs 94%), see Table 2.

3.5.3 | Nature of the populations

Eight studies14,16,17,32,33,35,40,44 included populations from Primary 
care services (mostly patients without symptoms of PAD), eight 
studies29,31,37-39,41-43 included populations from intermediate 

cardiovascular risk services and five studies15,17,30,34,36 included  
populations from Vascular services (mostly patients with symptoms of 
PAD). Weighted prevalence of PAD was 6.0% for Primary care, 25.5% 
for intermediate cardiovascular risk and 35.0% for Vascular services. 
Regarding dOR, these estimates were 44.68, 24.91 and 31.84, respec-
tively. Estimates for sensitivity and specificity for each of the popula-
tions abovementioned, and in order of appearance, were as follow: 
50%, 65% and 77% for sensitivity and 97%, 92% and 91% for specific-
ity. See Figures S6-S8.

3.6 | Sensitivity analysis for the effect of 
individual studies

The influence of each study in the overall dOR was estimated by per-
forming meta-analyses after removing one study at a time. No study 
significantly affected the pooled dOR, which indicates that the overall 
dOR estimation can be considered robust.

3.7 | Meta-regression

We performed univariate and multivariate meta-regressions to esti-
mate the contribution of the abovementioned potential covarying fac-
tors that could explain heterogeneity, see “Statistical analysis and data 
synthesis”. In the univariate model, regarding dOR, only the Doppler 
ABI calculation based in standard formulas or not (β [SE] = 1.51 [0.43], 
P = .003, I2 = 56.3%) and diabetes (β [SE] = −0.02 (0.00), P = .025, 
I2 = 71.4%) achieved statistical significance, see Table S2. According 
to sensitivity, a Doppler ABI calculation based or not in standard 
formulas also achieved statistical significance (β [SE] = 0.40 [0.09], 
P = .001, I2 = 0.0%), while no difference across studies with regards 
to specificity was observed. Similarly, in multivariate analysis, both 
Doppler ABI calculations based in standard formulas or not and diabe-
tes achieved statistical significance regarding dOR. There was a trend 
towards higher dORs in studies with a standard Doppler ABI calcula-
tion and in studies with a low prevalence of diabetes. Such covariates 
accounted for 86.7% of the total variance, see Table S3.

3.8 | Publication bias

Using Deeks’ method, the asymmetry test did not suggest the ex-
istence of a large publication bias (intercept 1.68, 95% CI: −0.13 to 
3.49, P = .051), tending studies with less diagnostic accuracy towards 
higher values of dOR, see Figure S9.

4  | DISCUSSION

PAD is a common vascular disorder that is very often underdiagnosed 
and undertreated, in part because of limitations of the Doppler ABI. 
Although a previous meta-analysis dating back to 2012 reported an 
acceptable performance of the oscillometric method, no previous 
study has comprehensively reviewed and compared the accuracy of 
the oscillometric and the Doppler ABI using the HSROC model.

F IGURE  3 Hierarchical summary receiver operating characteristic 
curve summarising the ability of the oscillometric ankle brachial index 
to detect peripheral arterial disease in comparison to the Doppler 
ankle brachial index
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This meta-analysis includes 20 studies, which altogether involved 
1263 subjects (3695 legs). Samples were mostly from Vascular clinics 
(mainly patients with symptoms of PAD), intermediate cardiovascu-
lar risk clinics (Internal Medicine, Cardiology, Ictus and Hypertensive) 
and Primary care settings (mainly asymptomatic patients for PAD).

In our meta-analysis, the pooled dOR (a single indicator of test ac-
curacy that combines sensitivity and specificity) was 32.5. This means 
that for the oscillometric ABI, the odds for a positive test among sub-
jects with PAD would be 32 times higher than the odds for a positive 
test among subjects without PAD. Although a specific cut-off for dOR 
has not been established in diagnostic tests, as it depends on many 
additional considerations, the value exhibited by the oscillometric ABI 
is in line with other useful diagnostic tests (for example, dOR in faecal 
immunochemical test for colorectal cancer in symptomatic patients is 
around 2445).

Our estimates slightly modify those previously reported in a smaller 
sample12 and use a more theoretically based multivariate meta-analysis 
approach (HSROC). Specifically, our data revealed a high specificity 

value (96%). This along with a high PLR (15.33), which is considered 
the best parameter to diagnose a disease,46 indicates an excellent 
theoretical capacity of the test to ascertain PAD. However, a modest 
sensitivity (65%) and NLR (0.30) suggest only a moderate ability of the 
oscillometer ABI to rule out the disease, potentially leading to short-
comings in a screening program because of a high prevalence of false 
negatives. Despite the abovementioned flaws in diagnostic accuracy, 
feasibility has been proved to be a key advantage of the oscillometric 
ABI. With a mean of 5.9 minutes, the oscillometric ABI was performed 
almost two times faster than the Doppler ABI, and had less intra and 
inter study variability. In addition, the learning curve for the oscillome-
tric ABI is much shorter than that for the Doppler ABI, as it is mainly an 
automated technique. In fact, the oscillometric ABI can be even more 
accurate than the Doppler ABI, when both techniques are performed 
by physicians with little experience.47 This may be the case in screening.

Thus, a good diagnostic performance, along with its great feasi-
bility, low cost and inherent harmlessness show that the oscillometric 
ABI could prove useful in diagnosing PAD in clinical practice.

F IGURE  4 Forest plot of the sensitivity of the oscillometric ankle brachial index in comparison to the Doppler ankle brachial index to detect 
peripheral arterial disease
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Diagnostic meta-analyses usually show great variability across indi-
vidual studies. In ours, only the Doppler ABI calculation based in stan-
dard formulas or not and diabetes achieved statistical significance in 
dOR to explain heterogeneity, in such a way that those studies with a 
standard Doppler calculation and those with a low prevalence of diabe-
tes exhibited higher values of dOR. These findings emphasise the lack 
of accuracy of the oscillometric ABI in diabetic patients, as has been 
previously reported in studies using both ultrasound and angiographic 
confirmation.48,49 As meta-regression analyses suggested, this lack of 
accuracy especially occurs at the expense of sensitivity, which empha-
sises the use of cut-off values greater than 0.9 for diabetic patients 
(values between 1.0 and 1.1 have been suggested).48 The physiological 
explanation seems to be calcification, which turns the artery wall rigid 
and poorly compressible, making ABI less reliable, especially for the os-
cillometric method. Although it was not possible in this meta-analysis 
(only two studies focused specifically on diabetic population16,31), it 
would be interesting to perform a subgroup analysis of diabetic pa-
tients as part of an individual patient-based meta-analysis, to examine 
overall estimates of sensitivity and specificity in such population.

Although oscillometric errors (inclusion or not) and the unit of 
analysis (subjects vs legs) did not achieve statistical significance in the 
meta-regression, we observed a trend towards better performance 
when analysing oscillometric errors as PAD equivalents and subjects 
rather than legs, especially at the expense of sensitivity. The reason 
for better performance in the “per subjects” group is that only one 
pathological leg is necessary to diagnose a PAD subject, thus increas-
ing the likelihood of achieving perfect agreement. Since the presence 
of one pathological leg in a subject implies a high cardiovascular risk, 
and taking into account that one half of the studies used a “per legs” 
analysis, the sensitivity of the oscillometric ABI to detect individuals 
at high cardiovascular risk may have been undervalued. As a conse-
quence, to detect individuals at high cardiovascular risk, we suggest a 
“per subject” approach and an analysis of oscillometric errors as PAD 
equivalents. Both considerations, along with an increase in the oscillo-
metric cut-off, as Verberk et al suggested in a previous meta-analysis12 
(oscillometers did tend to report higher ABI values than the Doppler), 
could improve sensitivity, which is, as has been proved, the main lim-
itation of the oscillometric ABI.

F IGURE  5 Forest plot of the specificity of the oscillometric ankle brachial index in comparison to the Doppler ankle brachial index to detect 
peripheral arterial disease
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In our study, inclusion or not of calcified limbs does not seem to 
account for heterogeneity, probably because of a low prevalence of 
calcification. However, as calcification increases with age, diabetes 
and chronic kidney disease, a bias in overall performance can be ex-
pected in these cohorts. Therefore, standardisation in the analysis of 
calcified limbs seems desirable. In that sense, we proved in a previous 
work17 that when calcified limbs are considered as PAD equivalents, 
oscillometric ABI maintains its diagnostic accuracy to detect PAD.

Similarly, our meta-analysis did not find significant differences re-
garding the oscillometric technique (simultaneous vs sequential, val-
idated or not and devices specifically designed for ABI or not). This 
suggests that oscillometric devices, which are conventionally used for 
blood pressure readings on the arm, can be more useful and cheaper 
to diagnose PAD.

In our meta-analysis, we proved a spectrum effect across differ-
ent populations. This is defined as a variation in sensitivity, specificity 
or both across different subgroups because of pathologic, clinical or 
comorbid features or different care settings.50 In general, we found 
that populations receiving Vascular services showed higher rates in 
sensitivity while populations in Primary care rated higher in specific-
ity. Theoretically, higher sensitivities (but lower specificities) may be 
expected in those cohorts including patients with high cardiovascu-
lar risk or with PAD symptoms; however, the opposite is expected in 
Primary care settings. Thus, generalisations of estimates from specific 
subgroups to general population, and vice versa, should be cautiously 
taken, particularly when heterogeneity is present.

This meta-analysis has some inherent limitations related to system-
atic reviews and meta-analyses. First, heterogeneity was high in dOR 
and moderate in sensitivity, limiting the possibility of giving specific 
guidelines for the clinical use of the oscillometric ABI. Second, the anal-
ysis showed certain publication bias. In theory, studies with low test 
performance might be less (or more) likely to be published. Third, the 
reliability of pooled estimates is contingent upon the quality of the 
studies in the meta-analysis, the quality assessment of studies with 
QUADAS-2 showed some deficiencies across the studies, especially the 
patient selection and reference test domains, see Figure S1 and Table 
S1. Fourth, although Doppler ABI is considered the non-invasive gold 
standard, it has some flaws, especially when measurements are per-
formed by poorly skilled technicians.47 Four studies29,30,40,42 did not re-
port the staff performing the Doppler technique, therefore accuracy of 
the Doppler technique cannot be warranted in all the studies. Although 
it would be desirable to compare oscillometric ABI against the reference 
standard angiography, such comparison seems to be unjustified, espe-
cially in low cardiovascular risk populations where revascularisation is 
not planned. Finally, to avoid indeterminate values in dORs, PLRs and 
NLRs, a continuity correction was made by adding 0.5 to all cell counts 
in the 2 × 2 tables. This may be considered a manipulation of data.

5  | CONCLUSION

The resting oscillometric ABI showed good diagnostic perfor-
mance and high capacity to diagnose PAD in clinical practice. It also 

exhibited excellent feasibility, potentially making it a useful tool in mass  
screening programs for PAD, despite only moderate sensitivity. To 
detect individuals at high cardiovascular risk, we suggest considering 
oscillometric errors as PAD equivalents and a “per subject” approach 
as the unit of analysis. This could improve sensitivity, which is, along 
with the yield in diabetics, the main limitation of the test.
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