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Abstract: Patients with type 1 diabetes (T1D) have a higher risk of developing cardiovascular dis-

ease (CVD), which is a major cause of death in this population. This study investigates early markers 

of CVD associated with clinical data and autosomal ancestry in T1D patients from an admixed Bra-

zilian population. A cross-sectional study was conducted with 99 T1D patients. The mean age of the 

study sample was 27.6 years and the mean duration of T1D was 14.4 years. The frequencies of ab-

normalities of the early markers of CVD were 19.6% in the ankle-brachial index (ABI), 4.1% in the 

coronary artery calcium score (CACS), and 5% in the carotid Doppler. A significant percentage of 

agreement was observed for the comparison of the frequency of abnormalities between CACS and 

carotid Doppler (92.2%, p = 0.041). There was no significant association between the level of autoso-

mal ancestry proportions and early markers of CVD. The ABI was useful in the early identification 

of CVD in asymptomatic young patients with T1D and with a short duration of disease. Although 

CACS and carotid Doppler are non-invasive tests, carotid Doppler is more cost-effective, and both 

have limitations in screening for CVD in young patients with a short duration of T1D. We did not 

find a statistically significant relationship between autosomal ancestry proportions and early CVD 

markers in an admixed Brazilian population. 

Keywords: type 1 diabetes; cardiovascular disease; calcium score; carotid Doppler; ankle-brachial 

index; ancestry 
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1. Introduction 

The incidence of cardiovascular disease (CVD) is two to four times higher in patients 

with type 1 diabetes (T1D) than in the general population [1,2]. It has been demonstrated 

that the atherosclerotic process starts early, and that its late clinical manifestations can be 

atypical or silent. [3,4]. Some studies have reported that CVDs become the leading cause 

of death after about 20 years of duration of type 1 diabetes, with a significant association 

between diabetes duration and CVD (independent of patient age) and the threshold effect 

perceived at approximately 20 years [5]. Advances have been made in the management of 

microvascular complications in patients with T1D, but there has been little progress in 

reducing CVD [4]. Therefore, the early identification of CVD could reduce the morbidity 

and mortality of T1D patients. 

Subclinical CVD has usually been evaluated through non-invasive methods, such as 

computed tomography with the coronary artery calcium score (CACS), carotid Doppler 

ultrasound, and ankle-brachial index (ABI). Changes in these tests have been associated 

with an increase in CVD and may be useful in the early identification of this pathology 

[6,7]. 

Identifying clinical factors associated with these early markers of CVD could help 

physicians better monitor T1D patients. Furthermore, the influence of ancestry on the de-

velopment and progression of CVD in T1D remains unclear. A study comparing South 

Asian and European people with T1D showed higher mortality in people from South Asia, 

inferring the possible role of ethnicity in the development of CVD and mortality [8]. How-

ever, these studies did not use autosomal ancestry, which may result in some biases. In 

the assessment of autosomal ancestry, informative ancestry markers (AIMs) can be used, 

which are especially useful in determining individual ancestry and degrees of miscegena-

tion. The analysis of these polymorphisms are determined through the selection of auto-

somal markers such as SNPs and also insertions/deletions (INDELs) [9,10]. As far as we 

know, there are no data in mixed populations, such as the Brazilian population, examining 

the relationship between CVD, T1D, and proportions of autosomal ancestry. 

The aim of this study was to investigate early markers of CVD associated with clinical 

data and autosomal ancestry in T1D patients from an admixed Brazilian population. 

2. Materials and Methods 

2.1. Study Design and Sample 

This was a cross-sectional study conducted with T1D patients from the University 

Hospital of the Federal University of Maranhão (HU-UFMA), São Luís, Brazil. The study 

conformed to the ethical guidelines of the 1975 Declaration of Helsinki, and the project 

was approved by the Research Ethics Committee of the HU-UFMA (no. 2.668.396). All 

participants or their legal representatives were informed about the study objectives and 

procedures and signed an informed consent form. 

The study sample included T1D patients aged above 10 years recruited from August 

2018 to October 2019 at the Diabetes Clinic of the HU-UFMA. The diagnosis of T1D was 

defined by clinical history, based polyuria, polydipsia, polyphagia, and weight loss asso-

ciated with insulin use since diagnosis. Non-inclusion criteria were as follows: pregnancy, 

lactation, previous acute myocardial infarction and stroke, history of myocardial revascu-

larization, angioplasty, and known peripheral arterial disease (PAD). A total of 99 patients 

met the eligibility criteria and were accepted to participate in the study. 

2.2. Anthropometric and Laboratory Data 

T1D patients were given a clinical-demographic survey through a standardized ques-

tionnaire, in which data were collected on sex, age (years), age at T1D diagnosis (years), 

and duration of T1D duration (years). The following variables were analyzed: weight (in 

kilograms), height (in centimeters), body mass index (BMI), systemic blood pressure (BP), 

and waist circumference (determined at half the distance between the last costal arch and 
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the iliac crest). The following laboratory variables were determined: fasting blood glucose 

(enzymatic), glycated hemoglobin (high performance liquid chromatography), hs-CRP 

(immunoturbidimetry), urea (colorimetric), creatinine (colorimetric), total cholesterol (en-

zymatic), HDL (enzymatic) calculated LDL by the Friedewald equation [11], and the uri-

nary albumin concentration (immunoturbidimetry) through the collection of a random 

urine sample on up to three occasions, considering the cutoff value of 30 mg/dL. The var-

iables were analyzed as continuous variables. 

2.3. Ophthalmological Evaluation 

Retinal evaluation was performed through examination of the fundus of the eye by 

two different examiners, and classified as normal, non-proliferative retinopathy (mild, 

moderate and severe), proliferative retinopathy, and diabetic maculopathy [12]. 

2.4. Analysis of Early CVD Markers 

The ABI was measured by a single examiner using a sphygmomanometer and steth-

oscope. The BP of the right and left upper limb was determined by palpating the brachial 

artery, and in the right and left lower limb by palpation of the posterior tibialis. Subse-

quently, the ratio between the lower limbs over the upper was calculated, and a value 

between 0.9 and 1.3 was considered normal [13]. 

Computed tomography for evaluation of CACS was performed using the Aquilion 

TSX-101A 64-channel device (Toshiba Medical Systems, Tokyo, Japan), obtained in non-

contrast-enhanced acquisition of a series of 3 mm thick axial slices covering the entire 

length of the heart. It was ranked in the following ranges 0, 0–10, 10–100, 100–400, >400 

Agatston [14]. Values above 0 were considered abnormal. 

Carotid Doppler ultrasound was accomplished by the same examiner using a Logic 

E ultrasound device (GE Healthcare, Wisconsin, USA), with a 12 cm (12L-RS) linear trans-

ducer and a frequency of 5.0–13.0 MHz, using the central frequency of 7.5 MHz Three 

measurements were averaged on each side of the common carotids. Patients who pre-

sented at least one site larger than 1.5 mm were classified according to the plate. Patients 

with a mean between 0.9 and 1.5 mm were classified as having thickening [15]. The pres-

ence of thickening or plaque was considered abnormal. 

2.5. Autosomal Ancestry Proportions 

To infer the European, African, and Amerindian ancestry proportions, a panel of 46 

autosomal informational insertion/deletion ancestry markers (AIM–Indels), amplified in 

a single multiplex polymerase chain reaction (PCR), was used according to the protocol 

described by Pereira et al. [16]. The identification of polymorphisms in the generated frag-

ments was achieved by capillary electrophoresis in the ABI 3500 automatic sequencer (Life 

Technologies). Genotyping was performed by two independent analysts using Gene-

Mapper Analysis Software v. 4.1 (Life Technologies), and the outcomes were compared 

for consistency. Structure v. 2.3.3 software was utilized to estimate ancestry and the Hu-

man Genome Diversity Genotype Database–Centre d’Étude du Polymorphisme Humain 

(HGDP–CEPH) panel was used as a reference for ancestral populations [17]. The allele 

frequencies of 46 genotyped AIM–INDELs were compared with a database of a healthy 

Brazilian population for the same markers from all geographic regions of Brazil [17]. 

2.6. Statistical Analysis 

Data were analyzed using SPSS version 28.0 (IBM, Chicago, IL, USA) and GraphPad 

Prism version 9.1.1 (GraphPad Software, Inc., San Diego, CA, USA). Descriptive statistics 

included measures of absolute frequency, percentage, mean, and standard deviation 

(±sd). The overall percentage of agreement was calculated to compare the different meth-

ods for detecting cardiovascular abnormalities, and the probability value was estimated 

by Fleiss’ Kappa statistics. Categorical variables were analyzed using the chi-square test 



Genes 2022, 13, 389 4 of 17 
 

 

and Fisher’s exact test. The Shapiro–Wilk and D’Agostino–Pearson tests were used to as-

sess the normality of the distribution. Comparative analysis of continuous variables were 

performed with an independent t-test. The significance level was set at 0.05. 

3. Results 

A total of 99 patients with T1D (56 women), with a mean age of 27.6 ± 10.2 years, 

were included in the present study. In the sample, the mean age at diagnosis of T1D was 

14.4 ± 8.4 years, with mean T1D duration of 13.2 ± 8.3 years. The prevalence of microalbu-

minuria and retinopathy was 17.3% and 27.3%, respectively. Regarding the evaluation of 

autosomal ancestry proportions, European ancestry was the main component in our sam-

ple (47.3 ± 14.1), followed by African (28 ± 12.6) and Amerindian (24.7 ± 9.4). Clinical data 

and laboratory evaluations are summarized in Table 1. 

Table 1. Demographics and clinical data of type 1 diabetes patients. 

Variables n (%) Mean ± sd 

Age (in years)  27.6 ± 10.2 

Sex   

Female 56 (55.6)  

Male 43 (43.4)  

Anthropometric data   

Body mass index (kg/m2)  22.5 ± 3.8 

Abdominal circumference in female group (cm)  82.1 ± 13.8 

Abdominal circumference in male group (cm)  89.1 ± 8.5 

Autosomal ancestry proportions   

Amerindian  24.7 ± 9.4 

European  47.3 ± 14.1 

African  28.0 ± 12.6 

Arterial pressure   

Systolic blood pressure (mmHg)  116.4 ± 15.5 

Diastolic blood pressure (mmHg)  74.1 ± 10.4 

Diabetes data   

Age at T1D Diagnosis (years)  14.4 ± 8.4 

Duration of diabetes (years)  13.2 ± 8.3 

Fasting glucose (mg/dL)  188.3 ± 108.1 

HbA1c (%)  8.9 ± 2.2 

Microalbuminuria   

<30 mg/dL 81 (81.8)  

≥30 mg/dL 17 (17.2)  

No data 1 (1.0)  

Retinopathy   

Absent 72 (72.7)  

Present 27 (27.3)  

Creatinine clearance   

≥60 mL/min 95 (95.9)  

<60 mL/min 4 (4.1)  

Serum data   

LDL cholesterol (mg/dL)  96.9 ± 31.7 

HDL cholesterol (mg/dL)  54.0 ± 13.5 

Triglyceride (mg/dL)  104.6 ± 65.7 

Creatinine (mg/dL)  0.86 ± 0.64 

Urea (mg/dL)  28.8 ± 13.2 
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hs-CRP (mg/L)  0.25 ± 0.38 

±sd, standard deviation; T1D, type 1 diabetes; HbA1c, glycated hemoglobin; HDL, high–density 

lipoprotein; LDL, low–density lipoprotein; hs-CRP, high–sensitivity C–reactive protein. 

The frequencies of abnormalities of the early CVD markers were 4.1% in the CACS, 

5% in the Doppler, and 19.2% in the ABI (Table 2). A significant percentage of agreement 

was observed between CACS and Doppler (92.2%, p = 0.041), and between Doppler and 

ABI (79.7%, p = 0.005) (Figure 1). 

Table 2. Distribution of early markers of cardiovascular disease in the type 1 diabetes patients. 

Variables n (%) 

Coronary artery calcium score   

Normal 92 (92.9) 

Abnormal 4 (4.1) 

No data 3 (3.0) 

Carotid Doppler sonography   

Normal 88 (88.9) 

Abnormal 5 (5.0) 

No data 6 (6.1) 

Ankle–brachial index   

Normal 60 (60.6) 

Abnormal 19 (19.2) 

No data 20 (20.2) 

 

Figure 1. The overall percentage of agreement between different methods to evaluate early markers 

of cardiovascular disease in type 1 diabetes patients. CACS, coronary artery calcium score (normal 

versus abnormal); Doppler, carotid Doppler sonography (normal versus abnormal); ABI, ankle–

brachial index (normal versus abnormal). 
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Abnormal CACS was statistically higher among patients with microalbuminuria ≥ 30 

mg/dL (17.7% versus 1.3%, p = 0.017). In addition, Doppler abnormality was found to be 

higher among patients with retinopathy (15.4% versus 1.5%, p = 0.020) (Table 3). 

Table 3. Comparative analysis of cardiovascular abnormalities detected by different methods in 

type 1 diabetes patients according to sex, microalbuminuria, and retinopathy. 

Variables 

Cardiovascular Abnormalities Detected by 

CACS 
p Value 

Doppler 
p Value 

ABI 
p Value 

% % % 

Gender (Sex)  1.000  0.373  0.116 

Female 3.8  7.8  30.4  

Male 4.7  2.4  15.2  

Microalbuminuria  0.017 *  0.540  1.000 

<30 mg/dL 1.3  3.9  23.4  

≥30 mg/dL 17.7  6.3  21.4  

Retinopathy  1.000  0.020 *  0.786 

Absent 4.3  1.5  23.2  

Present 3.7  15.4  26.1  

CACS, coronary artery calcium score; Doppler, carotid Doppler sonography; ABI, ankle–brachial 

index. * Significant differences (p < 0.05). 

Table 4 summarizes the result of the association analysis between the continuous 

variables evaluated in the study and cardiovascular outcomes. Older patients (p = 0.001), 

with longer duration of T1D (p = 0.002) and with higher levels of LDL cholesterol (p = 

0.041), were more likely to be found in the CACS abnormality group (Figure 2). Older 

patients (p < 0.001), with higher systolic blood pressure (p = 0.019) and longer T1D dura-

tion (p < 0.001), were often observed in the group with Doppler alteration (Figure 3). Older 

patients (p = 0.041) with greater waist circumference (p = 0.026) were found in patients 

with altered ABI (Figure 4). 

Table 4. Results of comparison tests (p values) of the clinical and serum data in type 1 diabetes 

patients according to early markers of cardiovascular disease. 

Variables 

Cardiovascular Abnormalities 

CACS Doppler ABI 

p Value p Value p Value 

Age 0.001 * <0.001 * 0.041 * 

Anthropometric data    

Body mass index 0.268 0.154 0.518 

Abdominal circumference 0.256 0.052 0.026 * 

Arterial pressure    

Systolic blood pressure 0.160 0.019 * 0.570 

Diastolic blood pressure 0.351 0.164 0.629 

Diabetes data    

Age at T1D diagnosis 0.299 0.111 0.145 

Duration of diabetes 0.002 * <0.001 * 0.172 

Fasting glucose 0.278 0.916 0.571 

HbA1c (%) 0.637 0.608 0.716 

Serum data    

LDL cholesterol 0.041 * 0.222 0.639 

HDL cholesterol 0.948 0.557 0.138 

Triglyceride 0.750 0.979 0.976 

Creatinine 0.873 0.553 0.395 
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Urea 0.729 0.361 0.989 

hs-CRP 0.516 0.648 0.426 

T1D, type 1 diabetes; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; hs-CRP, high-sensitivity C–reactive protein; CACS, coronary artery calcium 

score (normal versus abnormal); Doppler, carotid Doppler sonography (normal versus abnormal); 

ABI, ankle–brachial index (normal versus abnormal). * Significant differences (p < 0.05) by inde-

pendent t–test or Mann–Whitney test. 

 

Figure 2. Comparative analysis of age (a), duration of diabetes (b), and LDL (low-density lipopro-

tein) cholesterol level (c) in type 1 diabetes patients according to the coronary artery calcium score 

(CACS). p values were determined by independent t-tests. 
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Figure 3. Comparative analysis (mean and standard deviation) of age (a), systolic blood pressure 

(SBP) (b), and duration of diabetes (c) in type 1 diabetes patients according to the carotid Doppler 

sonography. p values were determined by independent t-tests. 
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Figure 4. Comparative analysis (mean and standard deviation) of age (a), and abdominal circum-

ference (b) in type 1 diabetes patients according to the ankle-brachial index. p values were deter-

mined by independent t-tests. 

In the sample of T1D patients evaluated, there was no significant association between 

the level of autosomal ancestry proportions and early markers of cardiovascular disease 

(Table 5 and Figure 5). 
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Figure 5. Triangle plot of autosomal ancestry in type 1 diabetes patients according to the coronary 

artery calcium score (a), carotid Doppler sonography (b), and ankle–brachial index (c). 

In addition, there was no significant correlation between clinical data, such as HbA1c, 

LDL, hs-CRP, triglycerides, DPB, FBG, and autosomal ancestry proportions (Figure 6). 
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Table 5. Results of comparison tests (p values) of autosomal ancestry data in individuals with type 

1 diabetes according to a cardiovascular evaluation. 

Variables 

Cardiovascular Abnormalities 

CACS Doppler ABI 

p Value p Value p Value 

Autosomal ancestry    

Amerindian 0.222 0.795 0.765 

European 0.383 0.481 0.234 

African 0.688 0.801 0.636 

CACS, coronary artery calcium score (normal versus abnormal). Doppler, carotid doppler sonog-

raphy (normal versus abnormal). ABI, ankle–brachial index (normal versus abnormal). 

 

Figure 6. Pearson’s correlation coefficients between clinical data and autosomal ancestry. AME, Am-

erindian; EUR, European; AFR, African; SBP, systolic blood pressure; DBP, diastolic blood pressure; 

FBG, fasting blood glucose; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; hs-CRP, high-sensitivity C-reactive protein. 
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4. Discussion 

Our study demonstrated that the prevalence of early CVD lesions varied according 

to the method used, which is useful for assessing atherosclerotic disease in several phases. 

ABI, carotid Doppler, and CACS are methods of cardiovascular risk (CVR) stratification. 

Among these, ABI showed the highest prevalence of alterations in our series, making it 

useful in the early identification of CVD in young asymptomatic patients with T1D and 

with a short period of disease. We observed an agreement between the detection of cardi-

ovascular injury using the ABI and carotid Doppler methods and between CACS and ca-

rotid Doppler, the latter with a low prevalence of alterations in our sample. The study 

finding suggests that there is no association between ancestry and early CVD markers. 

The literature shows a higher prevalence of CVD in women with T1D, in contrast 

with the general population, where the greatest risk is in males [4]. In this study, the prev-

alence of alterations between genders varied according to the method used, with a higher 

prevalence of females found with ABI and carotid Doppler, although the differences were 

not statistically significant. 

Tests such as ABI, carotid Doppler, and CACS are useful in the stratification of car-

diovascular risk, but they are not routinely indicated in the international guidelines of the 

American Diabetes Association and European Association for the Study of Diabetes for 

screening in asymptomatic patients in the stratification of CVR in patients with diabetes 

[18,19]. However, the Brazilian guidelines for prevention of cardiovascular disease in pa-

tients with diabetes recommends the use of these screening methods in the asymptomatic 

population [5]. The MESA study compared the performance of these different stratifica-

tion methods in an intermediate-risk population without previous cardiovascular events 

(Framingham score between 5% and 20%), and CACS was superior to Doppler for pre-

dicting the risk of coronary events, and both were superior to the ABI. However, this 

study was not focused on patients with diabetes [20]. In our assessment, we found a prev-

alence of ABI alteration of 19.2%, CACS of 4.1%, and carotid Doppler of 5%, reinforcing 

the importance of these methods in the stratification of CVD in T1D. 

Studies in diabetics show the importance of performing ABI in asymptomatic pa-

tients in order to detect PAD [21,22]. Studies performing ABI in asymptomatic T1D pa-

tients found alterations between and 32% and 33% of their samples, reinforcing the im-

portance of detecting subclinical PAD [22,23]. Our prevalence was 19.2%, and showed 

agreement with carotid Doppler, an expected finding due to both being useful for the 

evaluation of endothelial dysfunction. In the present study, abnormal ABI was associated 

with higher age and higher abdominal circumference. A cohort study with 5.003 older 

adults reinforced the finding of ABI < 1.2 and higher risk of CVD, reinforcing its im-

portance in primary prevention [24]. ABI is an easy-to-perform and low-cost test, which 

can be useful in earlier stages of CVD detection and as a screening tool for CVR stratifica-

tion when there are still no changes in other tests also used for this purpose. 

Meta-analysis studies in patients with T1D show a thickening of the carotid intima-

media thickness (CMIT) by carotid Doppler sonography, even in non-diagnostic values of 

subclinical disease from very young ages [25,26]. Factors that can accelerate the specific 

CMIT increase process are controversial in the literature; however, in a recent meta-anal-

ysis, worse glycemic control was associated with higher CMIT [25]. In our analysis, the 

patients who presented abnormalities in the test were outside the recommended target 

for glycemic control (HbA1c > 7%), but this value was not statistically significant. We ob-

served an association between CMIT thickening and increased waist circumference, 

which may reflect the role of visceral adipose tissue in endothelial dysfunction and CVR, 

as also suggested by other authors [27]. 

The evaluation of CACS in T1D has been more studied in recent years, as it is a non-

invasive test with great sensitivity to indirectly measure the global coronary atheroscle-

rotic load, and it has excellent outcomes when combined with the Framingham parame-

ters [28]. Aguilera et al. evaluated CACS and carotid Doppler in T1D and, despite the high 

degree of agreement between them, concluded that due to the low prevalence of lesions 
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and its high cost, CACS should not be used for screening for CVD in patients with T1D 

lasting less than 20 years [29]. In our sample, 4.1% had CACS > 0 and 5% had carotid 

Doppler abnormalities. This low prevalence can be explained by the young age (average 

of 28 years old) and short time of disease (average of 14 years) of our patients. A large 

cohort study with a median follow-up time of 4.3 years and the median age of 58 (49–65) 

years found that CACS 0 excluded CVD dependent on age, beyond clinical variables, and 

the added diagnostic value was lower for younger patients, corroborating the importance 

of age for better accuracy when estimating the risk of CVD [30]. However, despite the low 

prevalence, there was a significant association between abnormal CACS and thickening 

or plaque on doppler examination with older age, reflecting the importance of this risk 

factor for the development of CVD [31]. There was an association of CACS with albumi-

nuria and of Doppler with retinopathy, which was also seen in other studies [30,31], reaf-

firming the association between micro and macrovascular complications in patients with 

diabetes. 

Studies have demonstrated the importance of glycemic control and reduced risk of 

microvascular complications [32,33]. However, in relation to macrovascular disease, the 

Diabetes Control and Complications Trial (DCCT) showed a non-significant reduction in 

patients in the intensive glycemic control group. Although, in the follow-up of these pa-

tients in the Epidemiology of Diabetes Interventions and Complications (EDIC), there was 

a substantial reduction in non-fatal events in this intensive control group, reinforcing the 

importance of the time factor for the reduction of macrovascular disease [32,33]. In our 

study, no association was found between early CVD markers and HbA1c, which may be 

due to the short duration of the disease and young age in our sample. In addition, there 

was no association with other biochemical markers such as HDL, triglycerides, hs-CRP, 

urea, and creatinine. 

Ancestry data in patients with T1D showed a predominance of incidence in white 

people of European origin (47%) [7,8]. A study carried out in the state of Maranhão also 

showed mainly European origin and suggested that the increased risk of T1D may have 

been transmitted in the process of miscegenation by European ancestors. We found agree-

ment with the studies mentioned above, showing a higher prevalence of European origin 

in our patients with T1D [34]. Studies in type 2 diabetes have shown the influence of eth-

nicity on the development of CVD, and when comparing different populations, an impact 

of ethnicity on the development of CVD has been suggested, but these studies did not use 

autosomal ancestry proportions, which can lead to bias [35,36]. In our study, we did not 

find an association between autosomal ancestry and CVD markers. Further studies are 

required to assess the relationship between ancestry and CVD risk in T1D patients, with 

larger sample size and a longitudinal design, and to better evaluate the nature of these 

associations over time and life stages. Analysis of paternal (Y chromosome) and maternal 

(mitochondrial DNA) ancestry patterns may be useful to assess whether these genetic 

markers are related to CVD risk. 

Other studies show that Afro-descendants have lower visceral fat, higher HDL, and 

lower triglycerides when compared to white, and in contrast, the former group has a 

higher rate of hypertension and insulin resistance [35,36]. However, when evaluating clin-

ical data such as metabolic syndrome, glycemic control, and renal disease in patients with 

T1D in Brazil, no significance was found between these clinical data and ancestry data as 

in our analysis [37–40]. 

We consider the sample size and population assessed (young and with a short dura-

tion of T1D) as limitations in our study, as the incidence of atherosclerotic disease is usu-

ally low in this group. However, this study evaluated different methods together for the 

detection of CVD in patients with T1D to provide differentiation of these methods, aiming 

at the development of better procedures for the early detection of CVD, and a consequent 

reduction of morbidity and mortality in this population. We also added the unprece-

dented evaluation of these early CVD markers with genetic ancestry in a mixed popula-

tion. 
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5. Conclusions 

In conclusion, the findings suggest that the ABI can be useful in the early identifica-

tion of CVD in asymptomatic young patients with T1D and with a short disease duration, 

and it is among the most cost-effective tests for the early markers of cardiovascular dis-

ease. Examinations, such as carotid Doppler and CACS, showed significant agreement 

between them and were correlated with known risk factors for CVD in patients with T1D. 

Although both tests are non-invasive, carotid Doppler is more cost-effective, and both 

have limitations in screening for CVD in patients with a short duration of T1D and young 

age. We found no association between autosomal ancestry and early CVD markers in the 

study sample. Further studies are needed to identify when to use early CVD stratification 

methods in asymptomatic patients with T1D, and to further explore the influence of au-

tosomal ancestry on the development of CVD. 
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