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Abstract

Background: The Ankle-Brachial Index (ABI) is a simple, noninvasive measure used to assess lower-extremity and systemic
atherosclerosis. However, ABI is rarely used in patients with acute coronary syndrome (ACS), and current guidelines provide no
specific recommendations for its use in this setting.

Objectives: This study evaluated changes in ABI among patients with diabetes and ACS and compared the diagnostic
performance of ABI between the acute and late phases of ACS.

Methods: In this descriptive study, 100 patients with diabetes who were hospitalized for ACS were evaluated. Patient
characteristics, including age, sex, vascular disease history, and smoking status, were extracted from medical records. The ABI
was measured within the first 48 hours of hospitalization (acute phase) and reassessed 4 - 6 weeks later (late phase). Acute- and
late-phase ABI values were compared to evaluate changes associated with peripheral arterial disease (PAD).

Results: Among 100 patients with diabetes and ACS, 37% had an ABI < 0.9 during the acute phase, indicating PAD, compared
with 34% during the late phase. Nine patients with severe PAD during the acute phase remained in the severe category during
the late phase. One of the 18 patients with moderate PAD during the acute phase improved to mild PAD, and 3 patients with mild
PAD during the acute phase had normal ABI values during the late phase. The sensitivity of acute-phase ABI for diagnosing PAD
in patients with diabetes and ACS was 100%, and the specificity was 94%. Acute- and late-phase ABI values differed significantly,
with higher values during the late phase.

Conclusions: Acute-phase ABI lacks sufficient accuracy for diagnosing PAD in patients with diabetes and ACS, particularly in
mild-to-moderate cases. These findings highlight the limitations of ABI assessment during the acute phase of ACS and indicate
the need for further evaluation in this population.
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1. Background

Diabetes mellitus is a systemic condition that
substantially affects both the microvascular and
macrovascular systems and is a major risk factor for
peripheral arterial disease (PAD) (1-3). In patients with
diabetes, PAD is an important prognostic indicator and
is often associated with severe outcomes, including
limb ischemia, ulceration, and amputation (4). The
clinical presentation of PAD typically includes
intermittent claudication that worsens with physical

activity and, in advanced stages, rest pain or critical
limb ischemia. However, only approximately one-third
of patients with diabetes and PAD are symptomatic,
contributing to underdiagnosis and uncertainty
regarding its true prevalence (5). Older age, peripheral
neuropathy, and a longer duration of diabetes further
increase the risk of PAD in this population (4).

According to American College of Cardiology
Foundation/American Heart Association guidelines, the
risk of PAD is increased among patients with diabetes
and additional risk factors, such as smoking,
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dyslipidemia, or hypertension, who are younger than 50
years; individuals aged 50 - 69 years with a history of
diabetes or smoking; individuals older than 70 years;
and those with abnormal lower-extremity pulses,
exertional leg pain, or known carotid, coronary, or renal
atherosclerosis (6). Despite these risk profiles, PAD in
patients with diabetes frequently remains undiagnosed
until advanced stages, largely because diabetic
neuropathy may mask claudication-related pain (5).

The Ankle-Brachial Index (ABI) is a simple,
noninvasive, and cost-effective diagnostic measure for
PAD, calculated by dividing the highest ankle systolic
blood pressure by the highest brachial systolic blood
pressure (7, 8). In patients with diabetes, ABI values < 0.9
or > 13 are associated with an increased risk of PAD and
cardiovascular disease because of medial arterial
calcification (9, 10). However, ABI reliability is influenced
by recent caffeine consumption, physical activity,
smoking, clinician expertise, and patient positioning
(11). Arterial calcification in patients with diabetes
frequently results in falsely normal or elevated ABI
values, thereby reducing diagnostic sensitivity
compared with that in the general population (12, 13).

Data on PAD prevalence and ABI performance in
patients with diabetes and acute coronary syndrome
(ACS) are limited (13-16). Acute coronary syndrome may
affect ABI measurements during the acute phase (17).
Current guidelines recommend ABI screening in
patients with diabetes who are older than 50 years or
who have atherosclerotic cardiovascular disease;
however, the effect of acute ACS on ABI accuracy remains
insufficiently studied (6). Arterial stiffness, which is
distinct from atherosclerosis, may contribute to
elevated ABI values and an increased risk of
cardiovascular events in patients with diabetes (17).
Moreover, many patients with diabetes and PAD remain
asymptomatic until late stages, underscoring the need
for reliable screening methods (12).

2. Objectives

Given the conflicting evidence regarding ABI
accuracy in patients with diabetes and the limited data
on its use during ACS, this study evaluated changes in
ABI among patients with diabetes and ACS during the
acute phase (within 48 hours) and the late phase (4 - 6
weeks after ACS).

3. Methods

3.1. Study Population

This descriptive-analytical study was conducted at
Masih Daneshvari and Shohada-e-Tajrish hospitals in
Tehran, Iran, during 2023 - 2024. The study population
comprised patients with diabetes who were
hospitalized for ACS and had coronary stenosis > 50%.
Consecutive sampling was performed according to the
inclusion and exclusion criteria.

The inclusion criteria were diabetes, referral with
ACS, ABI assessment, angiography, and coronary stenosis
> 50%. The ABI was reassessed 4 - 6 weeks later. The study
had no specific exclusion criteria, and patients with
different clinical conditions were included.

After patient selection, the research process was
explained to each participant, and the feasibility of
returning for follow-up was assessed. Patients were not
included if their return for follow-up within the
specified period could not be ensured.

3.2. Clinical Assessment

Patient characteristics, including age, sex, smoking
status, hypertension, chronic kidney disease, and
cerebrovascular accident (CVA), were extracted from
medical records. The initial ABI was measured within
the first 48 hours of hospitalization after ACS. The ABI
was reassessed and recorded after 4 - 6 weeks. Acute- and
late-phase ABI values were then compared.

For accurate measurement, patients were placed in
the supine position, with their arms and legs at heart
level. The 2 cuffs of the ABI device were placed on the
upper and lower limbs, and ABI values were recorded to
2 decimal places.

Peripheral arterial disease severity was classified
according to ABI values as mild (0.70 - 0.89), moderate
(0.40-0.69), or severe (< 0.40).

3.3. Statistical Analysis

Data were analyzed wusing SPSS version 22.
Quantitative variables are presented as the mean and
standard deviation, and qualitative variables are

presented as number and percentage. The ? test was
used to compare qualitative variables between groups,
and the paired t test was used for quantitative variables.
Agreement between the initial and late measurements
was evaluated. True-positive, true-negative, false-
positive, and false-negative results were calculated.
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Table 1. Distribution of Demographic and Clinical Characteristics of Patients

Parameters Total P:(t)lg;lts (n No lmpansrg;l ABI(n Impaired ABI (31;:):ute Phase,n Impaired ABl;‘L)ate Phase, n
Male gender 54 (54) 42(63.6) 13(35.1) 12(35.3)
;I)noking history (> 2 cigarettes/d for > 1 48(48) 27(40.9) 23(622) 21(618)
Hypertension history (>140/90 mm Hg) 47(47) 21(31.8) 33(89.2) 26(76.5)
Renal failure history (GFR <50) 14 (14) 5(7) 12(32.4) 9(26.5)
CVA history 3(3) 1(1.5) 2(5.4) 2(5.9)
ABIO0.7-0.9P 58(87.8) 10 (27.02) 8(23.52)
ABI0.4-0.7 49 (74.2) 18 (48.64) 17(50)
ABI<0.4 57(86.3) 9(24.32) 9(26.47)
Age (y) 68.7+6.07 67.1£2.4 71.43+5.35 71.91£53
Diabetes duration (y) 13.77+£43 1n.22+23 17.24 £4.58 18.05 + 4.14
HbA1c (%) 7.82+0.78 7.5+0.72 8.33+0.74 8.29+0.69
ABI (acute phase) 0.83+0.25 0.96+0.32 0.54+0.18

ABI (late phase) 0.85+0.22 0.97+0.08 0.62£0.24

@Values are expressed as No. (%) or mean + SD.

b Peripheral arterial disease severity was classified according to ABI values as mild (0.70 - 0.89), moderate (0.40 - 0.69), or severe (< 0.40).

3.4. Ethical Considerations

The study was approved by the Ethics Committee of
Shahid Beheshti University of Medical Sciences
(IR.SBMU.MSP.REC.1404.044), and written informed
consent was obtained from all participants.

4.Results

4.1. Clinical and Demographic Characteristics

As shown in Table 1, the demographic and clinical
characteristics of the participants were assessed. These
variables were also described for patients with PAD
according to impaired ABI during the acute and late
phases after ACS.

Among the 100 patients with diabetes, 54% were
male, and the mean age was 68.7 = 6.07 years. The mean
duration of diabetes was 13.77 + 4.3 years, and the mean
HbAic was 7.82 £ 0.78%. During the acute phase, 37
patients had impaired ABI (< 0.9), including 10 (27.02%)
with mild PAD (ABI, 0.7 - 0.9), 18 (48.64%) with moderate
PAD (ABI, 0.4 - 0.7), and 9 (24.32%) with severe PAD (ABI <
0.4). During the late phase, 34 patients had impaired
ABJ, including 8 (23.52%) with mild PAD, 17 (50%) with
moderate PAD, and 9 (26.47%) with severe PAD. In
addition, 47% of patients had a history of hypertension,
and 48% had a history of smoking. The mean ABI was
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0.83 = 0.25 during the acute phase and 0.85 + 0.22
during the late phase.

4.2. Comparison of ABI Accuracy During the Acute and Late
Phases of ACS

As shown in Table 2, ABI values measured during the
acute and late phases of ACS were compared among
patients with diabetes. A significant difference was
observed between the two phases, with ABI values
during the late phase being significantly higher than
those during the acute phase (P = 0.02). ABI values were
also compared between patients with impaired ABI (<
0.9) and those with normal ABI during both phases.
Among patients with impaired ABI, no significant
difference was observed between the acute and late
phases (P = 0.08). However, among patients with normal
ABJ, a significant difference was observed, with higher
values during the acute phase than during the late
phase (P=0.01).

4.3. Diagnostic Performance of ABI for PAD

The diagnostic performance of ABI for identifying
PAD was assessed using the parameters presented in
Table 3. All patients diagnosed with severe PAD during
the acute phase remained classified as having severe
PAD during the late phase. One patient initially
diagnosed with moderate PAD during the acute phase
was reclassified as having mild PAD during the late
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Table 2. Comparison of ABI Measurements Between the Acute and Late Phases of ACS in the Overall Study Population and According to Baseline ABI Status

a

Comparison Acute phase (<48h) Late phase (4 - 6 wk) P-Value
All patients 0.83+0.25 0.85+0.22 0.02
Patients with abnormal ABI 0.96+0.32 0.97+0.08 0.08
Patients with normal ABI 0.54+0.18 0.62+0.24 0.01

2 Values are expressed as mean + SD.

phase. In addition, 3 patients identified as having mild
PAD during the acute phase had normal ABI values
during the late-phase evaluation. Table 3 showed 33 true-
positive results (89.18%), 4 false-positive results (10.81%),
63 true-negative results (100%), and 0 false-negative
results (0%). The corresponding diagnostic measures
were sensitivity, 100%; specificity, 94.03%; positive
predictive value, 69.55%; negative predictive value, 100%;
and overall accuracy, 94.75%.

Table 3. Diagnostic Performance of ABI for PAD in Patients with Diabetes and ACS *

Parameters Values
True positive 33(89.18)
False positive 4(10.81)
True negative 63(100)
False negative 0(0)
Metrics (%)
Sensitivity 100
Specificity 94.03
Positive predictive value 69.55
Negative predictive value 100
Accuracy 94.75

Values are expressed as No. (%) or percentage.

These findings suggest that ACS negatively affects ABI
in patients with diabetes and may produce falsely low
values. ABI demonstrated robust performance in
identifying severe PAD, with consistent classification
across phases. However, in patients with mild or
moderate PAD, ACS appeared to induce changes in ABI
values, requiring cautious interpretation. This
variability underscores the limitations of ABI as a
diagnostic method during the acute phase of ACS,
particularly for less severe PAD categories, and indicates
the need for further investigation of its reliability in this
context.

5. Discussion

The ABI is a simple, inexpensive, and noninvasive
measurement that can estimate the extent of lower-
extremity and systemic atherosclerotic involvement
with high sensitivity and specificity (18, 19). However, its
clinical implications in patients with ACS have not been
adequately evaluated. Therefore, this study was
designed to improve understanding of the effect of ACS
on low ABI values in patients with diabetes.

Our analysis showed that 37% of patients with
diabetes and ACS had an ABI < 0.9 during the early
phase, decreasing slightly to 34% during the late phase.
Nine patients diagnosed with severe PAD during the
acute phase remained in the severe category during the
late phase, indicating stability in advanced disease. In
contrast, 1 patient with moderate PAD transitioned to
mild PAD, and 3 patients with mild PAD had normal
values during the late phase, suggesting potential
reversibility or measurement variability in less severe
disease. Acute-phase ABI had a sensitivity of 100% and a
specificity of 94%. Mean ABI increased significantly from
0.83 £ 0.25 during the acute phase to 0.85 £ 0.22 during
the late phase (P < 0.05). This increase suggests that ACS
may cause a falsely low ABI during the acute period,
possibly  because of increased inflammation,
catecholamine release, or vascular stiffness. The ABI
performed reliably in severe PAD but varied in mild and
moderate cases, requiring cautious interpretation in
these subgroups. Although the difference was
statistically significant using a paired t-test, the overall
mean ABI values during the acute and late phases were
very similar, and their standard deviations overlapped
substantially. Therefore, the difference may have limited
clinical relevance.

According to current European Society of Cardiology
and American College of Cardiology/American Heart
Association guidelines, PAD is diagnosed when the ABI is
< 090 and is associated with calcification and
consequent vascular stiffness (20, 21).

Int ] Cardiovasc Pract. 2026; 11(1): €173273


https://brieflands.com/journals/ijcp/articles/173273

Pishgahi M et al.

Brieflands

Sartore et al. (22) reported a PAD prevalence of 17%
among patients with type 2 diabetes, consistent with
international studies and approximately 3 times the
prevalence in the general population with similar
demographic characteristics (23-25). Diabetes is also
more prevalent among patients with ACS, and patients
with diabetes and PAD have substantially higher ACS-
related mortality than those without PAD (26, 27).
Current guidelines have therefore emphasized
aggressive management strategies for this high-risk
population with unstable ischemic heart disease (28,
29).

An ABI < 0.9 is also common among patients with
ACS, with a reported prevalence of 30% - 40%, and is
significantly associated with a worse prognosis (27). In
this study, the prevalence of ABI < 0.9 was higher than
that reported in some previous studies (30-32) and was
closer to this range because of the coexistence of clinical
conditions associated with atherosclerosis in ACS.

Previous studies have described symptomatic or
asymptomatic PAD as a strong and consistent
independent predictor of cerebrovascular events and
mortality in patients with coronary artery disease (28).
Behar et al. reported that among patients experiencing
myocardial infarction (MI), clinically diagnosed PAD was
associated with an increased risk of in-hospital death
but did not affect long-term mortality among
discharged patients (33). Agnelli et al. reported that an
abnormal ABI predicted adverse 1-year outcomes among
patients with ACS (28).

Consistent with our study, Nafez et al. (34) reported
a high prevalence of PAD, nearly 40%, among patients
with ACS, although the disease was largely subclinical
and mild. Other investigators reported much lower
prevalence estimates. Froehlich et al. reported a
prevalence of only 9.7% in a subanalysis of the Global
Registry of Acute Coronary Events study, which included
41,108 hospitalized patients with ACS (31). The present
findings similarly indicate that ABI measurement
during the acute phase of ACS is not a completely
reliable marker for evaluating PAD.

Although the populations of previous studies were
not completely comparable with our study population,
the findings of Chuter et al. regarding ABI diagnostic
accuracy also suggest potential limitations in
identifying PAD among patients with diabetes (35).

Other studies, including a meta-analysis, have
suggested that ABI is a suitable diagnostic method,
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contrary to our findings (36). Using color Doppler
ultrasonography as the reference standard, that study
showed low sensitivity and high specificity for ABI in
diagnosing PAD among patients with diabetes,
indicating a high probability of false-negative results. A
diagnostic method with a high probability of false-
negative results has limited utility as a screening
method. Thus, when ABI is used alone for screening, it
may fail to identify a substantial proportion of patients
with diabetes and PAD.

Chang et al. demonstrated the usefulness of ABI for
predicting complex and diffuse coronary lesions,
reporting a higher proportion of lesions at the bony
level and in proximal segments among patients with ABI
< 0.9 than among patients with ABI > 0.9 (37). However,
unlike the present study, they excluded patients with
myocardial infarction or unstable angina, which may
explain the different findings.

Arterial stiffness caused by calcification of the
internal carotid artery may reduce ABI sensitivity (9).
Therefore, the cutoff value for low ABI may be lower
among patients with diabetes, and a normal ABI may be
insufficient to identify subsequent adverse events in this
population.

5.1. Study Limitations

Several limitations should be considered. A single ABI
measurement may have introduced selection bias
because dynamic changes over time were not captured.
Medial arterial calcification, which is common in
diabetes, likely reduces ABI sensitivity and may lower
the effective cutoff value below 0.9 (38, 39). Normal ABI
values of 0.9 - 1.3 may also mask PAD because of
noncompressible vessels, a frequent concern among
patients with diabetes (40). In addition, inconsistent
adjustment for potential confounders, including
antiplatelet therapy and other medications, may have
affected the risk estimates. The inflammatory state and
catecholamine surge during the acute phase may have
further distorted ABI, a factor not fully addressed by the
study design.

Although the difference in ABI between the acute and
late phases reached statistical significance using a
paired t-test, the absolute difference in mean ABI values
was small, and the standard deviations overlapped
considerably. Statistical significance may therefore have
resulted, at least partly, from the paired analysis rather
than from a clinically meaningful magnitude of change.
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The observed difference should be interpreted
cautiously, and its clinical importance should not be
overstated. Future studies should determine whether
this degree of change is associated with meaningful
clinical outcomes or affects patient management.

Future research should prioritize serial ABI
assessments and evaluate alternative diagnostic
methods, including toe systolic pressure and
transcutaneous oxygen tension, which may detect PAD
more accurately in the presence of calcification. The
LABI method, which has been shown to improve
sensitivity, and the toe-brachial index may complement
ABI, particularly in high-risk populations such as
patients with diabetes and ACS. Further investigation of
the relationship between ACS-related inflammation and

ABI accuracy may also refine its clinical use.

5.2. Conclusions

ABI values < 0.9 are widely used to identify PAD and
increased cardiovascular risk. In this study, ABI
measurements obtained during the acute phase of ACS
differed from those obtained during the late phase,
suggesting that assessment timing may influence ABI
values among patients with type 2 diabetes. However,
the absolute difference between phases was small and
should be interpreted cautiously with respect to its
clinical importance. Acute-phase ABI findings should
therefore be considered within the overall clinical
context. Further studies are needed to determine
whether phase-related differences have meaningful
implications for clinical practice.

Footnotes

Al Use Disclosure: The authors declare that no
generative Al tools were used in the creation of this
article.

Authors' Contribution: Study concept and design: M.
P; Acquisition of data: M. P. and M. N.; Analysis and
interpretation of data: M. N. and S. M. M.; Drafting of the
manuscript: S. M. M,; Critical revision of the manuscript
for important intellectual content: All authors; Study
supervision: M. P.

Conflict of Interests Statement: The authors

declared no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: This study is approved under the
ethical approval code of IR.SBMU.MSP.REC.1404.044

Funding/Support: No funding was received for this
study.

Informed Consent: Inform consent was taken from all
participants.

References

1. Soyoye DO, Abiodun OO, Ikem RT, Kolawole BA, Akintomide AO.
Diabetes and peripheral artery disease: A review. World journal of
diabetes. 2021;12(6):827-838. [PubMed ID: 34168731]. [PubMed Central
ID: PMC8192257]. https://doi.org/10.4239/wjd.v12.i6.827.

2. Jude EB, Oyibo SO, Chalmers N, Boulton AJM. Peripheral arterial
disease in diabetic and nondiabetic patients: a comparison of
severity and outcome. Diabetes care. 2001;24(8):1433-7. [PubMed ID:
11473082]. https://doi.org[10.2337/diacare.24.8.1433.

3. Marso SP, Hiatt WR. Peripheral arterial disease in patients with
diabetes. Journal of the American College of Cardiology. 2006;47(5):921-
9. [PubMed ID:16516072]. https://doi.org/10.1016/j.jacc.2005.09.065.

4. Abouhamda A, Alturkstani M, Jan Y. Lower sensitivity of ankle-
brachial index measurements among people suffering with
diabetes-associated vascular disorders: A systematic review. SAGE
open medicine. 2019;7. 2050312119835040. [PubMed ID: 30854203].
[PubMed Central ID: PMC6399753].
https://doi.org/10.1177/2050312119835038.

5. Rhee SY, Kim YS. Peripheral arterial disease in patients with type 2
diabetes mellitus. Diabetes & metabolism journal. 2015;39(4):283.
[PubMed ID: 26301189]. [PubMed Central ID: PMC4543191].
https://doi.org/10.4093/dmj.2015.39.4.283.

6. American College of Cardiology Foundation, American Heart
Association Task Force, Society for Cardiovascular Angiography and
Interventions, Society of Interventional Radiology, Society for
Vascular Medicine, Society for Vascular Surgery, et al. 2011 ACCF/AHA
focused update of the guideline for the management of patients
with peripheral artery disease (updating the 2005 guideline).
Vascular medicine (London, England). 2011;16(6):452-76. [PubMed ID:
22128043]. https://doi.org[10.1177/1358863X11424312.

7. AboyansV, Criqui MH, Abraham P, Allison MA, Creager MA, Diehm C,
et al. Measurement and interpretation of the ankle-brachial index: a
scientific statement from the American Heart Association.
Circulation.  2012;126(24):2890-909.  [PubMed ID:  23159553].
https://doi.org/10.1161/CIR.0b013e318276fbcb.

8. LuJ, Jin Z, Wang Z, Li D. Multitarget Modulation of Ferroptosis by
Tetramethylpyrazine in Myocardial Ischemia-Reperfusion Injury: An
Integrative Network Pharmacology and Bioinformatics Approach.
International ~ Cardiovascular ~ Research  Journal. — 2025;19(1).
https://doi.org[10.5812/icrj-163410.

9. Potier L, Abi Khalil C, Mohammedi K, Roussel R. Use and utility of
ankle brachial index in patients with diabetes. European Journal of

Int ] Cardiovasc Pract. 2026; 11(1): €173273


https://brieflands.com/journals/ijcp/articles/173273
http://www.ncbi.nlm.nih.gov/pubmed/34168731
https://www.ncbi.nlm.nih.gov/pmc/PMC8192257
https://doi.org/10.4239/wjd.v12.i6.827
http://www.ncbi.nlm.nih.gov/pubmed/11473082
https://doi.org/10.2337/diacare.24.8.1433
http://www.ncbi.nlm.nih.gov/pubmed/16516072
https://doi.org/10.1016/j.jacc.2005.09.065
http://www.ncbi.nlm.nih.gov/pubmed/30854203
https://www.ncbi.nlm.nih.gov/pmc/PMC6399753
https://doi.org/10.1177/2050312119835038
http://www.ncbi.nlm.nih.gov/pubmed/26301189
https://www.ncbi.nlm.nih.gov/pmc/PMC4543191
https://doi.org/10.4093/dmj.2015.39.4.283
http://www.ncbi.nlm.nih.gov/pubmed/22128043
https://doi.org/10.1177/1358863X11424312
http://www.ncbi.nlm.nih.gov/pubmed/23159553
https://doi.org/10.1161/CIR.0b013e318276fbcb
https://doi.org/10.5812/icrj-163410

Pishgahi M et al.

Brieflands

10.

1.

12.

15.

16.

17.

18.

19.

20.

Vascular and Endovascular Surgery. 2011;41(1):110-6. [PubMed ID:
21095144]. https://doi.org/10.1016(j.ejvs.2010.09.020.

Pishgahi M, Niroomand M, Tahazadeh SP. Association of ankle-
brachial index with coronary artery disease burden in patients with
type 2 diabetes and stable angina. Int | Cardiovasc Pract. 2025;10(2).
€168409. https://doi.org/10.69107/intjcardiovascpract-168409.

Casey SL, Lanting SM, Chuter VH. The ankle brachial index in people
with and without diabetes: intra-tester reliability. Journal of Foot and
Ankle Research. 2020;13(1). 21. [PubMed ID: 32398142]. [PubMed Central
ID: PMC7216386]. https://doi.org/10.1186/513047-020-00389-w.

Casey S, Lanting S, Oldmeadow C, Chuter V. The reliability of the
ankle brachial index: a systematic review. Journal of foot and ankle
research. 2019;12(1). 39. [PubMed ID: 31388357]. [PubMed Central ID:
PMC6679535]. https://doi.org/10.1186/s13047-019-0350-1.

Quiles ], Morillas P, Bertomeu V, Mazon P, Cordero A, Soria F, et al.
Combination of ankle brachial index and diabetes mellitus to
predict cardiovascular events and mortality after an acute coronary
syndrome. International journal of cardiology. 2011;151(1):84-8.
[PubMed ID: 20488566]. https:|/doi.org/10.1016/j.ijcard.2010.04.097.

Lee JY, Lee SW, Lee WS, Han S, Park YK, Kwon CH, et al. Prevalence and
clinical implications of newly revealed, asymptomatic abnormal
ankle-brachial index in patients with significant coronary artery
disease. JACC: Cardiovascular Interventions. 2013;6(12):1303-13. [PubMed
ID: 24355120]. https:|/doi.org/10.1016/j.jcin.2013.08.008.

Olivier CB, Mulder H, Hiatt WR, Jones WS, Fowkes FGR, Rockhold FW,
et al. Incidence, characteristics, and outcomes of myocardial
infarction in patients with peripheral artery disease: insights from
the EUCLID trial. JAMA cardiology. 2019;4(1):7-15. [PubMed ID:
30540355]. [PubMed Central ID: PMC6439683].
https://doi.org[10.1001/jamacardio.2018.4171.

Saw ], Bhatt DL, Moliterno D], Brener SJ, Steinhubl SR, Lincoff AM, et
al. The influence of peripheral arterial disease on outcomes: a pooled
analysis of mortality in eight large randomized percutaneous
coronary intervention trials. Journal of the American College of
Cardiology.  2006;48(8):1567-72.  [PubMed  ID:  17045889].
https://doi.org/10.1016/j.jacc.2006.03.067.

Ix JH, Katz R, Peralta CA, de Boer IH, Allison MA, Bluemke DA, et al. A
high ankle brachial index is associated with greater left ventricular
mass: MESA (Multi-Ethnic Study of Atherosclerosis). Journal of the
American College of Cardiology. 2010;55(4):342-9. [PubMed ID:
20117440]. [PubMed Central ID: PMC2837506].
https://doi.org[10.1016/j.jacc.2009.11.010.

Aboyans V, Lacroix P, Postil A, Guilloux |, Rollé F, Cornu E, et al.
Subclinical peripheral arterial disease and incompressible ankle
arteries are both long-term prognostic factors in patients
undergoing coronary artery bypass grafting. Journal of the American
College of Cardiology. 2005;46(5):815-20. [PubMed ID: 16139130].
https://doi.org[10.1016/j.jacc.2005.05.066.

Erfanifar A, Jahanian A, Fathy M, Abbasi M, Gachkar L, Kalbasi S.
Aspirin Plus Rivaroxaban vs Aspirin Alone: Improvement of
Claudication, Limb Pain and Ankle-Brachial Index in Diabetic
Peripheral Arterial Disease (PAD) Before Revascularization: A Clinical
Randomized Trial. International Cardiovascular Research Journal.
2025;19(19). https://doi.org/10.5812/icrj-154736.

Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA,
Drachman DE, et al. 2016 AHA|/ACC guideline on the management of
patients with lower extremity peripheral artery disease: executive
summary: a report of the American College of Cardiology/American

Int ] Cardiovasc Pract. 2026; 11(1): e173273

21

22.

23.

24.

25.

26.

27.

28.

20.

30.

Heart Association Task Force on Clinical Practice Guidelines. Journal
of the American College of Cardiology. 2017;69(11):1465-508. [PubMed ID:
27851991]. https://doi.org/10.1016/j.jacc.2016.11.008.

Aboyans V, Ricco ]B, Bartelink ML, Bjorck M, Brodmann M, Cohner T,
et al. 2017 ESC guidelines on the diagnosis and treatment of
peripheral arterial diseases, in collaboration with the European
Society for Vascular Surgery (ESVS). Polish Heart Journal (Kardiologia
Polska). 2017;75(11):1065-160. [PubMed ID: 29589371].
https://doi.org[10.5603/KP.2017.0216.

Sartore G, Caprino R, Ragazzi E, Bianchi L, Lapolla A, Piarulli E The
ankle-brachial index for assessing the prevalence of peripheral
artery disease and cardiovascular risk in patients with type 2
diabetes mellitus. Nutrition, Metabolism and Cardiovascular Diseases.
2023;33(3):560-7. [PubMed ID: 36646602].
https:|/doi.org/10.1016[j.numecd.2022.11.019.

Hiatt WR, Hoag S, Hamman RE. Effect of diagnostic criteria on the
prevalence of peripheral arterial disease. The San Luis Valley Diabetes
Study. Circulation. 1995;91(5):1472-9. [PubMed ID: 7867189].
https://doi.org[10.1161/01.CIR.91.5.1472.

Campia U, Gerhard-Herman M, Piazza G, Goldhaber SZ. Peripheral
artery disease: past, present, and future. The American journal of
medicine. 2019;132(10):1133-41. [PubMed ID: 31150643].
https://doi.org[10.1016/j.amjmed.2019.04.043.

Conte SM, Vale PR. Peripheral arterial disease. Heart, Lung and
Circulation. 2018;27(4):427-32. [PubMed ID: 29150158]. [PubMed
Central ID: PMC9508679]. https://doi.org[10.1016/j.hlc.2017.10.014.

Bassand JP, Hamm CW, Ardissino D, Boersma E, Budaj A, Fernandez-
Aviles F, et al. Guidelines for the diagnosis and treatment of non-ST-
segment elevation acute coronary syndromes. Rev Port Cardiol.
2008;27(9)11063-1143. [PubMed 1D: 19044176].

Bertomeu V, Morillas P, Gonzalez-Juanatey JR, Quiles ], Guindo J, Soria
F, et al. Prevalence and prognostic influence of peripheral arterial
disease in patients > 40 years old admitted into hospital following
an acute coronary event. European Journal of Vascular and
Endovascular Surgery. 2008;36(2):189-96. [PubMed ID: 18375154].
https://doi.org/10.1016/j.ejvs.2008.02.004.

Agnelli G, Cimminiello C, Meneghetti G, Urbinati S, Investigators P.
Low ankle-brachial index predicts an adverse 1-year outcome after
acute coronary and cerebrovascular events. Journal of Thrombosis and
Haemostasis.  2006;4(12):2599-606. [PubMed ID: 17002652].
https://doi.org/10.1111/j.1538-7836.2006.02225 X.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE,
et al. ACC/AHA 2007 guidelines for the management of patients with
unstable angina/non-ST-elevation myocardial infarction: a report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Writing Committee to Revise the 2002
Guidelines for the Management of Patients With Unstable
Angina/Non-ST-Elevation Myocardial Infarction) developed in
collaboration with the American College of Emergency Physicians,
the Society for Cardiovascular Angiography and Interventions, and
the Society of Thoracic Surgeons endorsed by the American
Association of Cardiovascular and Pulmonary Rehabilitation and the
Society for Academic Emergency Medicine. Journal of the American
College of Cardiology. 2007;50(7):e1-e157. [PubMed ID: 17679616].
https://doi.org/10.1161/CIRCULATIONAHA.107.181940.

Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M, et
al. ACC|AHA guidelines for the management of patients with ST-
elevation myocardial infarction. ] Am Coll Cardiol. 2004;44(3):E1-E211.
[PubMed ID: 15358047]. https:|/doi.org[10.1016[j.jacc.2004.07.014.


https://brieflands.com/journals/ijcp/articles/173273
http://www.ncbi.nlm.nih.gov/pubmed/21095144
https://doi.org/10.1016/j.ejvs.2010.09.020
https://doi.org/10.69107/intjcardiovascpract-168409
http://www.ncbi.nlm.nih.gov/pubmed/32398142
https://www.ncbi.nlm.nih.gov/pmc/PMC7216386
https://doi.org/10.1186/s13047-020-00389-w
http://www.ncbi.nlm.nih.gov/pubmed/31388357
https://www.ncbi.nlm.nih.gov/pmc/PMC6679535
https://doi.org/10.1186/s13047-019-0350-1
http://www.ncbi.nlm.nih.gov/pubmed/20488566
https://doi.org/10.1016/j.ijcard.2010.04.097
http://www.ncbi.nlm.nih.gov/pubmed/24355120
https://doi.org/10.1016/j.jcin.2013.08.008
http://www.ncbi.nlm.nih.gov/pubmed/30540355
https://www.ncbi.nlm.nih.gov/pmc/PMC6439683
https://doi.org/10.1001/jamacardio.2018.4171
http://www.ncbi.nlm.nih.gov/pubmed/17045889
https://doi.org/10.1016/j.jacc.2006.03.067
http://www.ncbi.nlm.nih.gov/pubmed/20117440
https://www.ncbi.nlm.nih.gov/pmc/PMC2837506
https://doi.org/10.1016/j.jacc.2009.11.010
http://www.ncbi.nlm.nih.gov/pubmed/16139130
https://doi.org/10.1016/j.jacc.2005.05.066
https://doi.org/10.5812/icrj-154736
http://www.ncbi.nlm.nih.gov/pubmed/27851991
https://doi.org/10.1016/j.jacc.2016.11.008
http://www.ncbi.nlm.nih.gov/pubmed/27851991
https://doi.org/10.1016/j.jacc.2016.11.008
http://www.ncbi.nlm.nih.gov/pubmed/29589371
https://doi.org/10.5603/KP.2017.0216
http://www.ncbi.nlm.nih.gov/pubmed/36646602
https://doi.org/10.1016/j.numecd.2022.11.019
http://www.ncbi.nlm.nih.gov/pubmed/7867189
https://doi.org/10.1161/01.CIR.91.5.1472
http://www.ncbi.nlm.nih.gov/pubmed/31150643
https://doi.org/10.1016/j.amjmed.2019.04.043
http://www.ncbi.nlm.nih.gov/pubmed/29150158
https://www.ncbi.nlm.nih.gov/pmc/PMC9508679
https://doi.org/10.1016/j.hlc.2017.10.014
http://www.ncbi.nlm.nih.gov/pubmed/19044176
http://www.ncbi.nlm.nih.gov/pubmed/18375154
https://doi.org/10.1016/j.ejvs.2008.02.004
http://www.ncbi.nlm.nih.gov/pubmed/17002652
https://doi.org/10.1111/j.1538-7836.2006.02225.x
http://www.ncbi.nlm.nih.gov/pubmed/17679616
https://doi.org/10.1161/CIRCULATIONAHA.107.181940
http://www.ncbi.nlm.nih.gov/pubmed/15358047
https://doi.org/10.1016/j.jacc.2004.07.014

Pishgahi M et al.

Brieflands

3L

32.

33.

34.

35.

Froehlich JB, Mukherjee D, Avezum A, Budaj A, Kline-Rogers EM,
Lopez-Sendon J, et al. Association of peripheral artery disease with
treatment and outcomes in acute coronary syndromes. The Global
Registry of Acute Coronary Events (GRACE). American heart journal.
2006;151(5):1123-8. [PubMed ID: 16644349].
https:[/doi.org[10.1016/j.ahj.2005.11.005.

Yang X, Sun K, Zhang W, Wu H, Zhang H, Hui R. Prevalence of and risk
factors for peripheral arterial disease in the patients with
hypertension among Han Chinese. Journal of vascular surgery.
2007;46(2):296-302. [PubMed ID: 17600667].
https://doi.org/10.1016/j.jvs.2007.03.034.

Behar S, Zion M, Reicher-Reiss H, Kaplinsky E, Goldbourt U, Group SS.
Short-and long-term prognosis of patients with a first acute
myocardial infarction with concomitant peripheral vascular disease.
The American journal of medicine. 1994;96(1)15-9. [PubMed ID:
8304357]. https:[/doi.org[10.1016/0002-9343(94)90110-4.

Nunez D, Morillas P, Quiles ], Cordero A, Guindo ], Soria F, et al.
Usefulness of an abnormal ankle-brachial index for detecting
multivessel coronary disease in patients with acute coronary
syndrome. Revista Espafiola de Cardiologia (English Edition).
2010;63(1):54-9. [PubMed ID: 20089226]. https://doi.org[10.1016/S1885-
5857(10)70009-8.

Chuter VH, Searle A, Barwick A, Golledge ], Leigh L, Oldmeadow C, et
al. Estimating the diagnostic accuracy of the ankle-brachial pressure
index for detecting peripheral arterial disease in people with

36.

37.

38.

39.

40.

diabetes: A systematic review and meta-analysis. Diabetic medicine.
2021;38(2). €14379. [PubMed ID: 32740980].
https://doi.org/10.1111/dme.14379.

Simundi¢ AM. Measures of diagnostic accuracy: basic definitions.
EJIFCC. 2009;19(4):203-211. [PubMed ID: 27683318]. [PubMed Central
ID: PMC4975285].

Chang ST, Chen CL, Chu CM, Chung CM, Hsu JT, Cheng HW, et al.
Ankle-arm index as a predictor of lesion morphology and risk
classification for coronary artery disease undergoing angioplasty.
International journal of cardiology. 2006;113(3):385-90. [PubMed ID:
16644037). https://doi.org/10.1016/j.ijcard.2005.11.102.

Potier L, Roussel R, Labreuche ], Marre M, Cacoub P, Réther J, et al.
Interaction between diabetes and a high ankle-brachial index on
mortality risk. European journal of preventive cardiology.
2015;22(5):615-21. [PubMed ID: 24781202].
https://doi.org/10.1177/2047487314533621.

Hyun S, Forbang NI, Allison MA, Denenberg ]JO, Criqui MH, Ix JH.
Ankle-brachial index, toe-brachial index, and cardiovascular
mortality in persons with and without diabetes mellitus. Journal of
vascular surgery. 2014;60(2):390-5. [PubMed ID: 24657294]. [PubMed
Central ID: PMC4112146]. https://doi.org[10.1016/j.jvs.2014.02.008.

Lau ], loannidis JPA, Terrin N, Schmid CH, Olkin I. The case of the
misleading funnel plot. Bmj. 2006;333(7568):597-600. [PubMed ID:
16974018]. [PubMed Central ID: PMC1570006].
https://doi.org[10.1136/bmj.333.7568.597.

Int ] Cardiovasc Pract. 2026; 11(1): e173273


https://brieflands.com/journals/ijcp/articles/173273
http://www.ncbi.nlm.nih.gov/pubmed/16644349
https://doi.org/10.1016/j.ahj.2005.11.005
http://www.ncbi.nlm.nih.gov/pubmed/17600667
https://doi.org/10.1016/j.jvs.2007.03.034
http://www.ncbi.nlm.nih.gov/pubmed/8304357
https://doi.org/10.1016/0002-9343(94)90110-4
http://www.ncbi.nlm.nih.gov/pubmed/20089226
https://doi.org/10.1016/S1885-5857(10)70009-8
https://doi.org/10.1016/S1885-5857(10)70009-8
http://www.ncbi.nlm.nih.gov/pubmed/32740980
https://doi.org/10.1111/dme.14379
http://www.ncbi.nlm.nih.gov/pubmed/32740980
https://doi.org/10.1111/dme.14379
http://www.ncbi.nlm.nih.gov/pubmed/27683318
https://www.ncbi.nlm.nih.gov/pmc/PMC4975285
http://www.ncbi.nlm.nih.gov/pubmed/16644037
https://doi.org/10.1016/j.ijcard.2005.11.102
http://www.ncbi.nlm.nih.gov/pubmed/24781202
https://doi.org/10.1177/2047487314533621
http://www.ncbi.nlm.nih.gov/pubmed/24657294
https://www.ncbi.nlm.nih.gov/pmc/PMC4112146
https://doi.org/10.1016/j.jvs.2014.02.008
http://www.ncbi.nlm.nih.gov/pubmed/16974018
https://www.ncbi.nlm.nih.gov/pmc/PMC1570006
https://doi.org/10.1136/bmj.333.7568.597

