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SUMMARY
OBJECTIVE: To assess the prevalence of altered ankle-brachial index (<0.9 or >1.3) in patients with type 1 diabetes and to compare it 

with the presence of subclinical atherosclerosis by carotid ultrasound.

METHODS: Prospective, cross-sectional study in which 45 adults with type 1 diabetes were evaluated (age 34±10 years, 46.7% men). 

The data collected included anamnesis, clinical evaluation, calculation of the ankle-brachial index (relationship between systolic blood 

pressure in the ankle and brachial artery), and performance of carotid ultrasound.

RESULTS: Thirty-two patients had ankle-brachial index >1.3 (66.7%) and no patient had ankle-brachial index <0.9. Carotid echocardiography 

was performed on 21 patients, 4 (19%) of whom had atherosclerosis. Age >35 years and ankle-brachial index >1.4 showed a good 

correlation with atherosclerosis (r=0.49, p=0.021; r=0.56, p=0.008, respectively). A model associating age >35 years and ankle-brachial 

index >1.4 showed an excellent relationship with atherosclerosis (r=0.59, p=0.004).

CONCLUSIONS: Our study showed that vascular calcification (ankle-brachial index >1.4) was frequent in this population with type 1 

diabetes and associated with subclinical atherosclerosis. A model combining ankle-brachial index >1.4 and age >35 years showed an 

excellent correlation with atherosclerosis and can assist in clinical suspicion and optimize the request for additional tests.
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INTRODUCTION
Type 1 Diabetes (T1D) is the most common endocrinopa-
thy in childhood and adolescence; global statistics estimate 
that 382 million people live with T1D and that number 
tends to reach 592 million in 2035.1 The risk of cardiovas-
cular events and neurological complications is approximately 
four times higher among diabetics compared to non-diabet-
ics.2 Atherosclerotic cardiovascular disease, especially coronary 
artery disease, is the main cause of mortality and morbidity in 

diabetes. Furthermore, T1D patients have more vascular cal-
cification (VC) compared to non-diabetics, and the presence 
of calcification is related to extensive and accelerated athero-
sclerosis in these individuals.3

The Ankle Brachial Index (ABI) is normally used for mon-
itoring atherosclerotic disease of lower limbs and reflects the 
reduction of systemic arterial pressure in the lower limb, as a 
consequence of proximal atherosclerotic obstruction. The ABI 
can be also used to estimate the progression and severity of 
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systemic atherosclerosis.2 Abnormal levels (ABI <0.9 and >1.3) 
are associated with the risk of cardiovascular events, in addition 
to the higher prevalence of atherosclerotic plaque.4

T1D is associated with an elevated incidence of athero-
sclerotic disease and mortality.5 Based on this, the early iden-
tification of subclinical atherosclerosis is essential to prevent 
cardiovascular disease in these patients. Then, the purpose of 
this study was to assess the occurrence of subclinical athero-
sclerosis in asymptomatic T1D adults. For this purpose, sub-
clinical atherosclerosis was assessed by ABI and confirmed with 
carotid ultrasound.

METHODS
Prospective, cross-sectional study in T1D patients, followed 
up at the Endocrinology Outpatient Clinic of the Specialized 
Center for Diabetes, Obesity and Arterial Hypertension of 
the Central Health Region of the State Health Department in 
Brasília – Federal District – Brazil, from February to June 2020.

Anamnesis was performed, including evaluation of previous 
acute myocardial infarction (MI), stroke and peripheral arterial 
disease; time since diagnosis of the diabetes, presence of comor-
bidities - dyslipidemia, systemic arterial hypertension, smok-
ing, family history of early coronary artery disease, sedentary 
lifestyle (which, according to the World Health Organization, 
is lower than 150 minutes of moderate intensity activity, less 
than 3 times a week) and continuous use of medications.

Clinical evaluation was performed with anthropometric mea-
surements (weight (kg), height (cm), body mass index (BMI, 
kg/m-2)) and physical examination. In addition, medical records 
were reviewed to assess laboratory tests (blood glucose (mg/
dL-1), total cholesterol (mg/dL-1), LDL-cholesterol (mg/dL-1), 
HDL-cholesterol (mg/dL-1), triglycerides (mg/dL-1) and gly-
cated hemoglobin (%) when available up to 6 months from 
the date of clinical evaluation.

To calculate the ABI, the patient remained relaxed, in the 
supine position. The measurement of the systolic blood pres-
sure (SBP) was performed in the posterior tibial arteries and in 
the brachial arteries of each limb. The SBP measurement was 
performed three times on each limb, with universal cuff, using 
automatic blood pressure monitor (OMRON, HEM 7130, 
Omron Health Care Brazil, São Paulo, Brazil). The ABI was 
obtained by simply dividing the largest SBP obtained in each 
artery of the lower limb by the upper limb. The ABI was con-
sidered abnormal, <0.9 (indicative of peripheral atherosclero-
sis) or >1.3 (indicative of vascular calcification).6 The patients 
were advised to avoid caffeine intake, tobacco use or physical 
exercise in the last four hours before evaluation.

Subsequently, patients underwent evaluation of atheroscle-
rosis by Doppler ultrasound, performed by a single experienced 
echocardiographer, without knowing the clinical and labora-
tory data of the study subjects. The images were obtained using 
a vascular ultrasound (Vivid S6 and Vivid S60 GE Medical 
Systems,GE Healthcare do Brasil, São Paulo, Brazil) equipped 
with a 7.5–10 MHz linear matrix transducer. Atherosclerosis was 
defined as the increase in IMT above 1.5 mm, or the presence 
of carotid plaque, both detected by vascular ultrasonography.7

The IMT was characterized by the presence, in a two-di-
mensional mode, of a double line with the definition of the 
light-intimate and medium-adventitia interfaces. The distance 
between the two acoustic interfaces was considered the mea-
sure of the IMT. The IMT measurement was automatically 
obtained on the posterior wall of the common carotids on 
the right and on the left, at least 1 cm proximal to the flow 
divider – referred to as bifurcation. The atheromatous carotid 
plaque was defined as a focal structure extending across at least 
0.5 mm for vessel light, and/or measuring more than 50% of 
the value of the adjacent IMT measurement, and/or an IMT 
measurement greater than 1.5 mm.7

Sample
The research subjects should meet the criteria of having T1D 
and age over 18 years. Seventy-five patients with diabetes were 
evaluated and 45 T1D (21 men and 24 women) were included 
in the study. The study excluded patients with type 2 diabe-
tes, patients with clinical manifestations of coronary artery 
disease (MI and stable angina), cardiovascular disease (stroke 
and transient ischemic attack), peripheral obstructive arterial 
disease (claudication), patients with aortic aneurysm and/or 
heart failure and those who did not consent to participate by 
signing the Free and Informed Consent Form.

The research was approved by the Research Ethics Committee 
of Health Science Teaching and Research Foundation of the 
Federal District (CAE nº 17592619.9.0000.5553), guarantee-
ing confidentiality to the participants’ information, according 
to Resolution 196/96 of the National Health Council, despite 
the research involving human beings.

Statistical analysis
The statistical analysis was performed using a statistical pro-
gram (SPSS 24.0, SPSS, IBM, Armonk, NY). We categorized 
patients according to the presence or absence of atherosclerosis 
on the carotid ultrasound, and the ABI value <0.9, between 
0.9 and 1.3 and >1.3. Quantitative variables were described 
as mean±standard deviation, and categorical variables were 
described in absolute numbers. Student’s independent t-test 
and Chi-square test were used to assess the differences between 
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the groups. Laboratory tests were not included in the statistical 
analysis due to the small number of tests, which could lead to 
a bias in the analysis, but the data are shown in Table 1.

Spearman’s non-parametric correlation was used to assess 
the correlation of factors – age, time since diagnosis and ABI – 
with atherosclerosis. The Receiver Operating Characteristic 
Curve (ROC) was used to assess the sensitivity and specific-
ity, for different cutoff points of the variables associated with 
atherosclerosis (age and ABI). Spearman’s correlation was per-
formed to assess the association of cutoff points (age >35 years 
and ABI >1.4) with atherosclerosis. A model associating age 
>35 years and ITB >1.4 was suggested and, to validate the 
robustness of the model, a Spearman’s correlation, the area 
under the ROC curve analysis (AUC) and a scatterplot were 
performed. All p values presented will be of the bilateral type, 

p<0.05 and 0.05≤p≤0.10 will be considered significant and 
marginally significant, respectively.

RESULTS
The 45 T1D individuals included in the study (53.3% women) 
had a mean age of 34.37±10.26 years and time of diagnosis of 
16.97±8.13 years. The prevalence of hypertension was 20%, dys-
lipidemia 8.9%, smoking 6.7% and physical inactivity 28.9%. 
The BMI was an average of 24.57±4.38 kg.cm-2. No patient 
had an ABI <0.9, while 71.1% (32 patients) had an ABI >1.3, 
as described in Table 1. Carotid ultrassound was performed 
on 21 patients, showing atherosclerosis in 4 patients (19% of 
the sample), with an equal frequency between the sexes. The 
mean age and time since diagnosis was higher in the athero-
sclerosis group (Table 1). 

Table 1. Clinical and Epidemiological Characteristics of Patients with Type 1 Diabetes with and without evidence of atherosclerosis 
on the carotid ultrasound and with an Ankle Brachial Index (ABI) of less than 0.9, between 0.9 and 1.3 and above 1.3.

Atherosclerosis
(n=21)

Ankle Brachial Index
(n=45)

Present
(n=4)

Absent
(n=17)

<0.9
(n=0)

0.9–1.3
(n=13)

>1.3
(n=32)

Age (years) 44.7±13.5* 30.4±6.4* – 35.2±10.6 32.3±9.3

Feminine gender 2 9 – 9 15

BMI (kg/m-2) 23.0±5.8 24.8±4.6 – 25.0±5.5 24.3±3.86

Diagnostic time (years) 23.5±8.2* 15.7±8.7* – 16.9±7.5 17.0±8.4

Hypertension 1 2 – 5 4

Dyslipidemia 0 2 – 1 3

Smoking 4 17 – 1 2

Sedentary lifestyle 2 5 – 4 9

ABI LL 1.48±0.04* 1.31±0.22* – 1.11±0.11* 1.52±0.22*

ABI RL 1.37±0.10 1.30±0.21 – 1.11±0.14* 1.47±0.20*

Abdominal Circumference (cm) 73.5±10.6 77.5±4.9 – 81±9.2 78.1±10.0

Fasting glucose (mg/dL-1)
178±5.6

(n=2)
178.3±58

(n=10)
–

158.8±12.3
(n=7)

173.5±49.6
(n=19)

Glycosylated hemoglobin (%)
7.47±0.7

(n=3)
8.25±1.9
(n=15)

–
7.81±1.6

(n=8)
7.97±1.6
(n=24)

Total cholesterol
(mg/dL-1)

167.6±36.0
(n=3)

179.1±36.9
(n=8)

–
168.3±37.5

(n=6)
161.2±33.5

(n=19)

LDL-cholesterol (mg/dL-1)
86.3±37.8

(n=3)
16.1±34.2

(n=8)
96.5±33.6

(n=6)
89.3±28.3

(n=19)

HDL-cholesterol
(mg/dL-1)

89±37.2
(n=3)

61.5±13.6
(n=8)

56.8±14.9
(n=6)

62.1±21.1
(n=19)

Triglycerides (mg/dL-1)
61±7.0
(n=2)

62.5±24.2
(n=7)

–
61±8.0
(n=4)

76,3±35.2
(n=18)

ABI LL: ankle brachial index in the left limbs; ABI RL: ankle brachial index in the right limbs. *Student’s t test, p<0.05.

http://kg.cm
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The univariate analysis of risk factors associated with ath-
erosclerosis was positively correlated with age (r=0.43, p=0.05) 
(Figure 1), with a tendency to be associated with the ABI 
(r=0.41, p=0.07) (Figure 2), and there was no association with 
the time of diagnosis (r=0.33, p=0.14). 

All patients who had atherosclerosis showed an ABI >1.3 
(100%). Age >35 years and ABI >1.4 were the points with the 
best sensitivity and specificity for the presence of carotid athero-
sclerosis (Table 2). In the univariate analysis, age >35 years and 
ABI >1.4 showed an excellent correlation with atherosclerosis 
(r=0.499, p=0.021; r=0.56, p=0.008, respectively) (Figures 1 

and 2). In sequence, a model associating age >35 years and 
ABI >1.4 (r=0.599, p=0.004; AUC=0.897, p=0.016) stepped 
up the association with atherosclerosis. In Figure 3, we illus-
trate the correlation between age >35 years and ABI >1.4 and 
the presence of atherosclerosis.

DISCUSSION
Identifying subclinical atherosclerosis is extremely important 
to diagnose, treat and prevent the occurrence of cardiovascu-
lar disease (CVD) in diabetes. Our study demonstrated that a 

Figure 1. Scatter Plot graph of correlation between age 
and atherosclerosis in type 1 diabetic individuals with and 
without atherosclerosis by carotid ultrasound.

Figure 2. Scatter Plot graph of correlation between ankle brachial 
index (ABI) and atherosclerosis in type 1 diabetic individuals 
with and without atherosclerosis by carotid ultrasound.

Table 2. Evaluation of the sensitivity and specificity of 
different age cutoff points and ankle-brachial index in type 
1 diabetic patients.

Sensitivity Specificity

Age (years) (%) (%)

30 75 59

33 75 65

35 75 83

37 50 83

40 50 99

Ankle-Brachial Index (%) (%)

1.32 100 53

1.34 100 59

1.36 100 65

1.39 100 71

1.41 100 77

Figure 3. Scatter Plot graph of correlation between age and 
ankle brachial index (ABI) in type 1 diabetic individuals with 
and without atherosclerosis by carotid ultrasound.
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simple model using age and ABI can estimate the risk of sub-
clinical atherosclerosis in asymptomatic T1D patients with good 
accuracy, and the ABI can be a simple and low-cost tool that 
can assist in the screening of subclinical atherosclerosis. 

Vascular calcification (VC) was quite prevalent in our pop-
ulation (66.7%) and all individuals with atherosclerosis had an 
ABI >1.3. There are few studies evaluating the ABI in T1D. 
In a cross-sectional study of 289 asymptomatic T1D adults, 
abnormal levels of ABI of <0.9 or >1.3 were detected in 6% and 
26%, respectively. Those with abnormal ABI, 12.8%, present 
peripheral obstructive disease and 4.8% carotid disease.8 Miller 
et al. explored relationships between an ABI >1.3 and VC in 
T1D and found that an ABI >1.3 is very likely to have VC.4 
Resnick et al. showed that an ABI >1.4 was an independent 
cardiovascular risk factor. There was a U-shaped association 
between ABI value and cardiovascular mortality9. The increased 
ABI also reflects coronary calcifications, suggesting diffuse 
atheromatous disease.9,10 In our study, the ABI >1.4 showed 
a good accuracy to identify carotid atherosclerosis (Figure 2). 

Our study differs from others due to the absence of an 
ABI <0.9, which is classically associated with atherosclerosis.1 
This factor can be attributed to the low prevalence of tradi-
tional risk factors in our population – hypertension, dyslipid-
emia, smoking, physical inactivity and obesity.

In diabetes, the symptoms of CVD can be atypical or silent.1 
The first manifestation can be sudden death, so early detection 
of atherosclerosis is extremely important, and this can be chal-
lenging in a young population. Although the IMT has been 
recognized as an early marker of atherosclerotic, this assessment 
is not routinely recommended for T1D young patients in clin-
ical practice.11 In our study, the association between age and 
elevated ABI (Figure 3) showed good accuracy and may assist 
in the recommendation screening for asymptomatic T1D, in 
addition to reinforcing the intensive control of risk factors.

Our study had some limitations. First, due to its cross-sectional 
design, the number of patients who were evaluated and who per-
formed the carotid ultrasound was reduced. In addition, laboratory 

tests could not be analyzed, which could lead to a better design of 
mechanisms associated to arterial calcification and atherosclerosis. 
This is an initial study and more studies with larger cohorts with 
a higher prevalence of subclinical atherosclerosis and longitudinal 
trials will be needed to elucidate the clinical risk factors associated 
with arterial calcification and subclinical atherosclerosis. However, 
our study allowed us to outline a simple assessment strategy based 
on the patient’s age and physical examination, which can be quite 
cost-effective for the Public Health System.

CONCLUSION
The ABI is a simple and reliable method that has proven to 
be efficient in estimating subclinical atherosclerosis in T1D. 
Vascular calcification (ABI >1.3) and the ABI >1.4 were associ-
ated with the presence of subclinical atherosclerosis in individ-
uals with T1D. A model combination age >35 years and ABI 
>1.4 can be a useful and cost-effective tool to identify individ-
uals who are most likely to have subclinical atherosclerosis and 
an indication to perform carotid ultrasound.
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