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Abstract

Objectives

The aim of the study was to develop a novel risk estimation model for predicting silent myo-

cardial ischemia (SMI) in patients with type 1 diabetes (T1DM) and no clinical cardiovascular

disease, evaluating the potential role of insulin resistance in such a model. Additionally, the

accuracy of this model was compared with currently available models for predicting clinical

coronary artery disease (CAD) in general and diabetic populations.

Research, design and methods

Patients with T1DM (35–65years, >10-year duration) and no clinical cardiovascular disease

were consecutively evaluated for: 1) clinical and anthropometric data (including classical

cardiovascular risk factors), 2) insulin sensitivity (estimate of glucose disposal rate (eGDR)),

and 3) SMI diagnosed by stress myocardial perfusion gated SPECTs.

Results

Eighty-four T1DM patients were evaluated [50.1±9.3 years, 50% men, 36.9% active smok-

ers, T1DM duration: 19.0(15.9–27.5) years and eGDR 7.8(5.5–9.4)mg�kg-1�min-1]. Of these,
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access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: Financial support was provided through a

grant from the Associació Catalana de Diabetis
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ten were diagnosed with SMI (11.9%). Multivariate logistic regression models showed that

only eGDR (OR = -0.593, p = 0.005) and active smoking (OR = 7.964, p = 0.018) were inde-

pendently associated with SMI. The AUC of the ROC curve of this risk estimation model for

predicting SMI was 0.833 (95%CI:0.692–0.974), higher than those obtained with the use of

currently available models for predicting clinical CAD (Framingham Risk Equation: 0.833 vs.

0.688, p = 0.122; UKPDS Risk Engine (0.833 vs. 0.559; p = 0.001) and EDC equation:

0.833 vs. 0.558, p = 0.027).

Conclusion

This study provides the first ever reported risk-estimation model for predicting SMI in T1DM.

The model only includes insulin resistance and active smoking as main predictors of SMI.

Introduction

Cardiovascular disease (CVD) is the main cause of death in patients with type 1 diabetes melli-

tus (T1DM)[1], representing around 40–47% of deaths in certain cohorts [2,3]. Coronary

artery disease (CAD) is its principal clinical manifestation [4]. The relative risk of death by

CAD in T1DM can be as much as ten times greater than in the non-diabetic population, espe-

cially in women, and it is even greater than the relative risk in type 2 diabetes (T2DM)[1,5]. It

causes a life-expectancy loss of about four years, which represents one-third of these subjects’

total life-expectancy loss [6]. Additionally, CAD produces important disabilities (e.g., heart

failure, angina), which cause quality of life to deteriorate and involve considerable economic

costs.

In T1DM, CAD is usually diagnosed in advanced stages and is associated with a worse

prognosis compared with the non-diabetic population [7]. This delayed diagnosis is partially

explained by a higher prevalence of silent myocardial ischemia (SMI), being silent approxi-

mately half of all the myocardial infarctions [8].

SMI is defined as the presence of myocardial ischemia without symptoms and it is usually

present long before the first CAD event occurs. The prevalence of SMI in subjects with T1DM

is in the range 15–43% [9–11], while it affects 1–4% of non-diabetic subjects [12]. Its presence

is associated with a worse prognosis and it predicts major cardiovascular events [13–15].

Therefore, early identification of SMI in subjects with T1DM is essential. However, perform-

ing a screening test for SMI in the whole T1DM population is unfeasible (both from a clinical

and economic point of view), making such identification a real challenge.

The recent Scientific Statement from the American Heart Association (AHA) and the

American Diabetes Association (ADA) on cardiovascular disease in T1DM discourages rou-

tine CAD screening beyond resting ECG [4]. The ADA/AHA guidelines recommend perform-

ing additional testing for CAD on any patient (including those with T1DM) who has

symptoms, an abnormal resting ECG or a clustering of cardiovascular risks factors that yields

an intermediate/high risk (based on general algorithms)[4]. However, it is also pointed out

that neither general (Framingham) nor T2DM (UKPDS) risk algorithms are good enough for

risk prediction in T1DM, suggesting the use of models specifically obtained from T1DM

cohorts (such as the Pittsburgh Epidemiology of Diabetes Complications Study (EDC) cohort)

[4]. Finally, there is an urgent need to find novel risk-estimation tools for better prediction of

cardiovascular events in T1DM [4].
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The aim of the current study was to develop a novel, specific SMI-risk estimation model to

identify those patients with T1DM at highest risk of SMI as the initial step in improving pre-

vention, treatment and prognosis of CAD events. To this end, we evaluated 84 patients with

T1DM, aged 35–65 years old, with at least 10-year illness duration and no previous clinical car-

diovascular disease and consecutively recruited at an outpatient clinic. As, in T1DM, insulin

resistance has been associated with incident cardiovascular disease, as shown in the DCCT/

EDIC, the Pittsburgh EDC and the FinnDiane studies [16–19], we additionally hypothesized

that it might play a key role in identifying patients at highest risk of SMI. Finally, we examined

the accuracy of current models for predicting clinical CAD (Framingham, UKPDS and EDC

Study) in the prediction of SMI in our population.

Materials and methods

Study subjects

Eighty-four patients aged 35–65 years, with T1DM of at least 10-year duration and without

established CVD (CAD, cerebrovascular accident or peripheral artery disease) were included

in the study. Subjects with T1DM were consecutively recruited from our outpatient clinic.

Exclusion criteria included: i) chronic kidney disease with renal failure (estimated glomerular

filtration rate (CKD-EPI) <60ml/min/1.73 m2), ii) any other acute/chronic condition associ-

ated with an inflammatory response (e.g., acute or chronic inflammatory or infectious dis-

eases), iii) use of anti-inflammatory drugs in the previous 6 months, iv) malignancy disease in

the previous 5 years (except basal cell carcinoma), v) hospitalization in the previous 2 months,

vi) arrhythmia (except atrial premature complex) and vii) pregnancy. The study protocol was

approved by our hospital ethics committee (Parc Taulı́ Ethics Comitee) and conducted in

accordance with the Declaration of Helsinki. All subjects gave their written informed consent

before participating in the study.

Study design

All subjects underwent standardized anamnesis and physical examination. The following

information was recorded using a predefined standardized form: age, sex, diabetes duration,

family history of premature CVD (defined as CVD occurring before the age of 55 in male and

65 in female first-degree relatives), physical activity (International Physical Activity Question-

naire)[20], active smoking, alcohol intake, insulin dose and the use of any other medication.

Body weight, height, and waist and hip circumferences were registered. Systolic and diastolic

blood pressure (SBP and DBP, respectively) were measured and mean arterial pressure (MAP)

was calculated as 1/3 SBP + 2/3 DBP. After overnight fasting, venous blood samples were

taken and complete blood counts, fasting plasma glucose, HbA1c, creatinine and lipid profile

were determined. Hypertension was defined as having BP>140/90 [21] and/or taking antihy-

pertensive drugs. Dyslipidaemia was defined as having concentrations of total cholesterol

>5.2mmol/L, triglycerides >1.7mmol/L, HDL cholesterol <1.03mmol/L, LDL- cholesterol

>3.4mmol/L [22] and/or receiving drug treatment for dyslipidaemia.

Laboratory analyses. HbA1c was determined by high-performance liquid chromatogra-

phy (Menarini Diagnostics, Firenze, Italy). Total serum cholesterol, triglycerides and HDL

cholesterol were measured using standard enzymatic methods. LDL cholesterol was estimated

through the Friedewald formula [23].

Metabolic syndrome and insulin-resistance. The metabolic syndrome was assessed

according to each of the following three definitions: the National Cholesterol Education Pro-

gram (NCEP) Adult Treatment Panel III (ATP III), as modified by the AHA/National Heart,
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Lung, and Blood Institute [24]; the International Diabetes Federation (IDF) [25]; and the

World Health Organization (WHO) [26].

To estimate insulin resistance, we used the formula proposed by Williams et al for patients

with T1DM, subsequently adapted for the use of HbA1c rather than HbA1 by Kilpatrick et al
for its use in the DCCT/EDIC cohort [17,27]. It yields an estimate of the glucose disposal rate

(eGDR), taking into account glycaemic control, waist-to-hip ratio (WHR) and blood pressure

(eGDR = 24.31–12.22�(WHR)–3.29�(Hypertension 0 = No; 1 = Yes)–0.57�(HbA1c))[17]. The

formula was validated against euglycemic-hyperinsulinemic clamp in a group of patients with

T1DM clinically similar to the subjects evaluated in the current study. Lower eGDR values

reflect higher insulin-resistance levels.

Assessment of microvascular complications. Peripheral polyneuropathy was assessed

through a previously described two-step protocol combining the 15–item MNSI (Michigan

Neuropathy Screening Instrument) questionnaire and a physical examination [28]. Retinopa-

thy was always evaluated by the same ophthalmologist. Subjects were classified into three

groups according to the degree of retinopathy: no retinopathy, non-proliferative retinopathy

or proliferative retinopathy. Nephropathy was assessed by the measurement of urinary

albumin/creatinine ratio (ACR). Subjects with an urinary ACR greater than 3.4 mg/mmol

[29], or previously treated with converting enzyme inhibitors or angiotensin receptor blockers

(for microalbuminuria or macroalbuminuria), were considered as having diabetic

nephropathy.

Measurement of arterial stiffness. Arterial stiffness (AS) is an early sign of atherosclero-

sis [30]. In several populations, AS predicts cardiovascular events independently of classical

cardiovascular risk factors [31]. Aortic pulse wave velocity (aPWV) is the gold standard for

measuring AS [32]. We measured aPWV according to the recommendations of a recent inter-

national consensus [32]. The method has been previously described in detail [33]. In brief,

aPWV was determined by sequential applanation tonometry using a Millar tonometer (SPC-

301, Millar Instruments, Houston, TX, USA) at the carotid and femoral arteries, gated to a

three-lead electrocardiography (ECG) using the SphygmoCor1 system (AtCor Medical Pty

Ltd, West Ryde (Sydney), NSW, Australia). Those aPWV recordings not satisfying the auto-

matic quality controls specified by the SphygmoCor1 software were rejected. The mean of two

aPWV measurements was taken for each subject for all calculations. Data were available for all

the participants included in the study.

SMI assessment. All patients were screened for SMI with rest/stress myocardial perfusion

imaging (MPI) using 99m-technetium Tetrofosmin single-photon emission computed tomog-

raphy (SPECT). One-day protocol gated SPECT was used: a first endovenous dose of 370

MBq, administered at rest (30 minutes before image acquisition) and a second dose of 1110

MBq, given at the point of maximum effort on the treadmill exercise.

Imaging acquisition was performed by a Siemens ECAM dual head 90˚ gamma camera

with a low energy high-resolution collimator and a 180˚ semi-circular orbit, with images every

3 degrees. Acquisition was synchronized with the electrocardiogram R-wave, with an 8-frame/

cardiac cycle. Images were reconstructed using filtered black-projection. The calculation of left

ventricular ejection fraction and ventricular volumes were automatically assessed with the

quantitative software QGS1 (Cedars Sinai Medical Centre, Los Angeles, CA). Quantitative

and qualitative analyses were performed. To quantify perfusion, the left ventricle was divided

into 17 segments, each scored from 0 to 4 (0 = normal perfusion, 1 = mild hypo-perfusion,

2 = moderate hypo-perfusion, 3 = severe hypo-perfusion, and 4 = no perfusion). The summed

rest score and the summed stress score were obtained, with the summed score difference as

the difference between the two. Myocardial ischemia was defined as showing a summed score

difference (SSD)� 2. Three levels of ischemia were considered: mild (SSD = 2–3), moderate
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(SSD = 4–6), and severe (SSD>7). Asymptomatic patients with abnormal ECG stress test and/

or myocardial perfusion defects (SSD> = 2) were diagnosed with SMI.

Models

In order to assess the suitability of the current recommendations for performing additional

testing for CAD (see above), our data were used to calculate the 10-year probability of CAD

according to the Framingham Risk Equation [34], the UKPDS Risk Engine [35] and the equa-

tion developed in the EDC cohort (specifically designed for patients with T1DM and validated

in the cohort from the EURODIAB Prospective Complications Study)[36].

Statistical analyses

All data were tested for normality using the Shapiro-Wilk test. Data are presented as percent-

age, mean (SD) for normally distributed quantitative variables, or median (interquartile range)

for non-normally distributed quantitative variables. Differences between groups (patients with

SMI vs. patients without SMI) were analysed using the χ2 test for comparisons of proportions,

and the unpaired t-test or the Mann-Whitney U test for comparisons of normally and non-

normally distributed quantitative variables, as needed. To identify the factors independently

related to SMI, backward stepwise logistic regression analyses were performed. All variables

associated in the univariate analyses (0.67<OR>1.67 and p<0.2) and those variables known

or likely to be associated with SMI (based on previous literature) were included in those logis-

tic regression models as potential independent variables. Non-normally distributed quantita-

tive variables were used after performing a log10-transformation. Receiver-operating

characteristic (ROC) curves were developed to represent the prediction of SMI (based on the

equations obtained from calculated logistic regression models and on the Framingham,

UKPDS and EDC risk scores), in which sensitivity is plotted as a function of 1-specificity. Sub-

sequently, the equality between the different ROC areas obtained was tested. To test the poten-

tial relationship between the degree of SMI and the eGDR, an ordered logistic regression

model with SMI as the dependent variable and eGDR as the independent one was used. Two-

tailed p-values <0.05 were considered statistically significant. The calculations were made

using STATA v.13.1 for Mac (StataCorp LP, College Station, TX).

Results

SMI was diagnosed in 10 out of 84 (11.9%) patients with T1DM (7 with mild, 2 with moderate

and 1 with severe ischemia). The main clinical and analytical characteristics of the study

population are shown in Table 1. Patients with T1DM and SMI, as compared with those with-

out SMI, were more hypertensive (70.0% vs. 36.5%; p = 0.044), had more insulin resistance

(5.5 (4.8–6.7) mg�kg-1�min-1 vs. 8.1 (5.9–9.5) mg�kg-1�min-1; p = 0.010) and had a tendency

toward a worse glycaemic control (HbA1c: 8.3 (7.9–9.4)% vs. 7.7 (7.1–8.6)%; p = 0.053)

although it did not reach statistical significance. There were no significant differences between

groups regarding other traditional cardiovascular risk factors (such as age, gender, smoking

habit, dyslipidaemia or family history of premature CVD) or the prevalence of metabolic syn-

drome. There were no significant differences for aPWV between groups (p = 0.885). In the

univariate analyses, SMI was associated with SBP (OR = 1.062, p = 0.049), HbA1c (OR = 1.936,

p = 0.050) and eGDR (OR = 0.671, p = 0.016) (Table 2). In addition, there was an inverse rela-

tionship between the degree of SMI and eGDR values (OR = -0.435; p = 0.013).

To evaluate the independent factors associated with SMI, backward stepwise logistic regres-

sion models were calculated. The best logistic regression model obtained showed that just two

variables, eGDR (OR = -0.593, p = 0.005) and active smoking (OR = 7.964, p = 0.018), were

Silent myocardial ischemia in type 1 diabetes
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Table 1. Clinical and metabolic characteristics of patients with type 1 diabetes.

Total (n = 84) No SMI (n = 74) SMI (n = 10) p

Clinical characteristics

Age (yrs.) 50.1 (9.3) 50.0 (9.4) 50.5 (9.0) 0.825

Gender (male/female), n 42/42 35/39 7/3 0.172

Current smokers, n (%) 31.0 (36.9) 25.0 (33.8) 6.0 (60.0) 0.264

Alcohol intake (g/day) 1.4 (0.0–5.0) 1.1 (0–4.3) 2.9 (0–7.1) 0.542

Physical activity (MET-min/s) 1386 (693–2286) 1386 (693–2079) 1386 (924–3093) 0.551

Family history of premature CVD, n (%) 14.0 (16.7) 12.0 (16.2) 2.0 (20.0) 0.768

Family history of T2DM, n (%) 23.0 (27.4) 20.0 (27.0) 3.0 (30.0) 0.844

Hypertension, n (%) 34 (40.5) 27 (36.5) 7 (70.0) 0.044

Dyslipidaemia, n (%) 59 (70.2) 50 (67.6) 9 (90.0) 0.112

Diabetes

Diabetes duration (yrs.) 19.0 (15.0–27.5) 19.0 (15.0–27.0) 18.5 (15.0–33.0) 0.857

Total insulin doses (UI/kg�day) 0.60 (0.53–0.72) 0.60 (0.53–0.73) 0.63 (0.52–0.72) 0.978

Microvascular complications, n (%) 43 (51.2) 36 (48.7) 7 (70.0) 0.199

Retinopathy, n (%) 0.500

- None, n (%) 59 (70.2) 53 (71.6) 6 (60.0)

- Non-proliferative, n (%) 13 (15.5) 12 (16.2) 1 (10.0)

- Proliferative, n (%) 12 (14.3) 9 (12.2) 3 (30.0)

Nephropathy, n (%) 27 (32.1) 23 (31.1) 4 (40.0) 0.577

Peripheral neuropathy, n (%) 5 (6.0) 3 (4.1) 2 (20.0) 0.095

Anthropometric measurements

Weight (kg) 71.8 (13.5) 72.3 (13.4) 68.4 (15.2) 0.400

BMI (kg/m2) 26.0 (4.2) 26.2 (4.3) 24.5 (3.3) 0.384

Waist-to-hip ratio 0.91 (0.85–0.96) 0.90 (0.84–0.95) 0.91 (0.90–1.02) 0.186

Blood pressure

SBP (mmHg) 126.4 (12.4) 125.4 (11.8) 133.8 (14.7) 0.045

DBP (mmHg) 71.9 (9.1) 71.7 (8.6) 73.6 (12.8) 0.544

MAP (mmHg) 90.1 (9.3) 89.6 (8.6) 93.7 (13.0) 0.197

Laboratory parameters

White blood cells 6.1 (5.3–7.5) 5.8 (5.2–7.5) 6.5 (6.3–7.3) 0.122

Fasting plasma glucose (mmol/L) 7.4 (5.1–10.6) 7.1 (5.0–10.1) 8.3 (7.7–11.8) 0.266

HbA1c (%) 7.9 (7.1–8.7) 7.7 (7.1–8.6) 8.3 (7.9–9.4) 0.053

HbA1c (mmol/mol) 62 (54–72) 61 (54–71) 67 (63–79) 0.053

Urinary ACR (mg/mmol) 5.1 (3.2–12.5) 4.8 (3.1–12.5) 6.3 (4.3–16.6) 0.407

Total cholesterol (mmol/L) 4.6 (4.2–5.2) 4.6 (4.2–5.2) 4.7 (4.5–5.5) 0.595

HDL-cholesterol (mmol/L) 1.7 (1.4–2.2) 1.8 (1.4–2.2) 1.7 (1.3–1.9) 0.320

LDL-cholesterol (mmol/L) 2.4 (2.1–2.9) 2.4 (2.1–2.8) 3.6 (2.4–3.1) 0.281

Triglycerides (mmol/L) 0.7 (0.6–1.3) 0.7 (0.6–0.8) 0.8 (0.7–1.8) 0.423

Metabolic syndrome and Insulin resistance

Metabolic syndrome

- NCEP/ATPIII modified 26 (31.0) 23 (31.1) 3 (30.0) 1.000

- IDF definition 30 (35.7) 25 (33.8) 5 (50.0) 0.484

- WHO definition 27 (32.1) 22 (29.7) 5 (50.0) 0.279

eGDR (mg�kg-1�min-1) 7.8 (5.5–9.4) 8.1 (5.9–9.5) 5.5 (4.8–6.7) 0.010

Arterial stiffness

(Continued )
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independently associated with SMI, after adjusting for potential confounders (Table 3). The

ROC area under the curve (AUC) for the model including eGDR and active smoking was

0.833 (95% confidence interval (CI): 0.692–0.974). The best cut-off point derived from the

ROC curve showed a sensitivity of 70% and specificity of 86.3% and correctly classified 84.3%

of patients (corresponding to an eGDR = 3.836 for non-smokers and eGDR = 7.338 for active-

smokers).

To assess the accuracy of the previous existing risk scores for predicting clinical CAD events

in the setting of the SMI prediction, Framingham, UKPDS and EDC risk scores were used and

their ROC curves were developed. The AUCs for the prediction of SMI for each of these ROC

curves were 0.688 (95% CI: 0.545–0.830) for the Framingham risk score, 0.559 (95% CI: 0.424–

0.693) for the UKPDS and 0.558 (95% CI: 0.352–0.763) for the EDC. All three equations, when

compared with our model, underestimate the SMI risk, non-significantly in the case of the Fra-

mingham risk score (0.833 vs. 0.688, p = 0.122) but significantly in the case of the UKPDS

(0.833 vs. 0.559, p = 0.001) and EDC risk scores (0.833 vs. 0.558, p = 0.027)(Fig 1).

Discussion

The present study provides, for the first time, a good, sensitive risk-estimation model for pre-

dicting SMI in T1DM. Furthermore, it also shows that SMI (detected by stress MPI-SPECT

tests) is relatively common in patients with T1DM of at least ten-year duration and no previ-

ous clinical cardiovascular disease and that it is associated with active smoking and insulin-

resistance in this population. These results have the potential to lead to improvements in CAD

care in T1DM through a strategy focused on accurate, cost-effective detection of SMI.

Studies evaluating the prevalence of SMI in subjects with T1DM are scarce and differ in

both the clinical characteristics of patients included and the techniques used to evaluate SMI.

Larsen et al found a prevalence of SMI of 15% using exercise ECG in 45 asymptomatic patients

with T1DM and without macro-vascular complications [9]. Sultan et al. described a prevalence

of 22% using stress MPI tests in 135 asymptomatic patients with T1DM (but including patients

with peripheral artery disease)[11], while in the study performed by Senior et al. SMI (assessed

by coronary angiographies) was diagnosed in 30 out of 53 T1DM candidates for islet trans-

plantation (56.6%)[10]. In our study we found a prevalence of 11.9% in 84 patients with

T1DM and without clinical CVD. All these results confirm a higher prevalence of SMI in

patients with T1DM compared with the general population, where it is considered to affect

1–4% of subjects [12]. However, at the moment there are no specific recommendations for

SMI screening in T1DM. Consequently, the ADA/AHA guidelines recommend performing

additional CAD testing on any patient (including those with T1DM) based on global risk

scores derived from general or T2DM population cohorts [34]. This strategy is based on the

fact that no previous study has demonstrated that the use of any of the available tests for detect-

ing SMI was cost-effective in T2DM [37]. Nevertheless, this global strategy has several flaws,

Table 1. (Continued)

Total (n = 84) No SMI (n = 74) SMI (n = 10) p

aPWV (m/s) 7.9 (6.9–9.1) 7.9 (7.0–8.9) 8.1 (6.8–9.4) 0.885

Data are given as percentages, mean (SD) or median (interquartile range). CVD: Cardiovascular disease. T2DM: type 2 diabetes. BMI: body mass index.

WHR: waist-to-hip ratio. SBP: systolic blood pressure. DBP: diastolic blood pressure. MAP: mean arterial pressure. ACR: Urinary albumin to creatinine

ratio. NCEP/ATPIII: National Cholesterol Education Program/Adult Treatment Panel III. IDF: International Diabetes Federation. WHO: World Health

Organization. eGDR: estimation of glucose disposal rate. aPWV: aortic pulse wave velocity.

https://doi.org/10.1371/journal.pone.0174640.t001
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which could hamper any significant advance in CAD care in diabetes, especially in T1DM.

Firstly, these models do not identify a substantial proportion of T1DM patients at highest risk

of CAD events. In the Pittsburgh EDC cohort, the use of Framingham Heart Study and

UKPDS algorithms did not demonstrate good predictive results, underestimating the proba-

bility of CAD events in the highest risk deciles [38]. Secondly, and probably more importantly,

Table 2. Unadjusted odds ratio for the presence of SMI (univariate analysis).

Variables OR (95% CI) p

Age (yrs.) 1.005 (0.936–1.078) 0.890

Gender 0.385 (0.092–1.603) 0.190

Smoking habit 1.678 (0.766–3.676) 0.196

Physical activity 1.000 (0.999–1.000) 0.227

Family history of premature CVD 1.292 (0.244–6.869) 0.764

Family history of T2DM 1.157 (0.272–4.916) 0.843

Hypertension 4.062 (0.969–17.022) 0.055

Dyslipidaemia 4.320 (0.517–36.082) 0.177

Diabetes duration (yrs.) 1.020 (0.949–1.096) 0.589

Total insulin doses (UI/kg�day) 0.358 (0.012–11.160) 0.559

Microvascular complications, n (%) 2.463 (0.591–10.264) 0.216

Retinopathy

- Non-proliferative 0.736 (0.081–6.695) 0.786

- Proliferative 2.944 (0.621–13.951) 0.174

Nephropathy 1.478 (0.380–5.746) 0.573

Peripheral neuropathy 5.917 (0.856–40.874) 0.071

Weight (kg) 0.977 (0.927–1.031) 0.396

BMI (kg/m2) 0.894 (0.745–1.074) 0.231

Waist 0.993 (0.940–1.050) 0.807

SBP (mmHg) 1.062 (1.000–1.128) 0.049

DBP (mmHg) 1.023 (0.952–1.098) 0.539

MAP (mmHg) 1.049 (0.976–1.128) 0.196

Fasting plasma glucose (mmol/L) 1.004 (0.995–1.013) 0.370

HbA1c (%) 1.936 (1.000–3.747) 0.050

Urinary ACR (mg/mmol) 0.997 (0.981–1.013) 0.711

Total cholesterol (mmol/L) 1.007 (0.989–1.026) 0.426

HDL-cholesterol (mmol/L) 0.982 (0.948–1.018) 0.325

LDL-cholesterol (mmol/L) 1.107 (0.996–1.039) 0.112

Triglycerides (mmol/L) 1.003 (0.991–1.016) 0.608

Metabolic syndrome

- NCEP/ATPIII modified 0.950 (0.225–4.008) 0.945

- IDF definition 1.920 (0.508–7.263) 0.337

- WHO definition 2.364 (0.621–8.991) 0.207

eGDR (mg�kg-1�min-1) 0.671 (0.485–0.928) 0.016

aPWV (m/s) 1.111 (0.838–1.474) 0.464

OR: Odds ratio. 95% CI: 95% confidence interval. CVD: Cardiovascular disease. T2DM: type 2 diabetes.

BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure. MAP: mean arterial

pressure. ACR: Urinary albumin to creatinine ratio. NCEP/ATPIII: National Cholesterol Education Program/

Adult Treatment Panel III. IDF: International Diabetes Federation. WHO: World Health Organization. eGDR:

estimation of glucose disposal rate. aPWV: aortic pulse wave velocity.

https://doi.org/10.1371/journal.pone.0174640.t002
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these models were designed for predicting clinical CAD events, but not the silent ones. How-

ever, in the DCCT/EDIC study, half of non-fatal MIs were silent [8]. Thus, any novel risk esti-

mation model aimed at really improving CAD care in T1DM should not overlook this

important clinical fact.

The current study provides the first risk estimation model ever developed for predicting

SMI in T1DM subjects. This model significantly enhanced our capacity to detect T1DM

patients with SMI compared with current risk estimation models for predicting clinical CAD

events in people with diabetes. Our model, which combines only two clinical variables (active

smoking and insulin-resistance), correctly classified more than eight out of ten of these sub-

jects and significantly improved the results obtained from the use of the current available risk

estimation models designed for predicting clinical CAD events in diabetes, such as the UKPDS

Risk Engine (T2DM) or the equation derived from the Pittsburgh EDC Study (T1DM).

Interestingly, the main factors associated with SMI in our cohort were active smoking and

insulin resistance (measured as eGDR). It is well known that smoking is a major risk factor for

CVD. In T1DM, smoking has been associated with several cardiovascular risk factors (such as

physical inactivity, worse glycaemic control or more atherogenic lipid profile and endothelial

dysfunction)[39,40]. The role of smoking as cardiovascular risk factor in T1DM is strongly

supported by a recent risk estimation model for predicting clinical cardiovascular events (a

composite of fatal and non-fatal events of CAD, ischemic stroke, heart failure and peripheral

artery disease) developed in a large cohort of T1DM subjects, in which smoking was identified

as one of its main predictor factors [41]. However, there are no previous studies evaluating the

effects of smoking on SMI in T1DM.

Although T1DM is characterized by insulin deficiency, insulin resistance is also a common

finding in patients with T1DM, a condition known as double diabetes [42,43]. In our study,

the prevalence of metabolic syndrome ranged from 31% (NCEP-ATPIII) to 36% (IDF), similar

to previous results [44]. However, we do not find any association between SMI and the three

metabolic syndrome definitions assessed. Nonetheless, the current study shows an association

between insulin resistance (measured as eGDR) and SMI for the first time in the literature. In

accordance with these results, eGDR has been previously associated with the prediction of clin-

ical CAD events in subjects with T1DM from either the Pittsburgh EDC cohort or the DCCT/

EDIC cohort [16–18]. These data are in line with our initial hypothesis. In addition, the find-

ing that an inverse association exists between the degree of SMI and eGDR, reinforces the

potential role of eGDR for predicting SMI. Consequently, insulin-resistance, assessed as

eGDR, would be an important factor in identifying those patients with T1DM at highest risk

of SMI.

Microangiopathy has been traditionally linked to CVD and it has been suggested that both

micro and macrovascular complications share common pathogenic mechanisms [45]. How-

ever, we did not find any significant association between SMI and microvascular complica-

tions. Studies evaluating the likely relationship between SMI in T1DM and microvascular

Table 3. Best multiple logistic regression model for predicting silent myocardial ischemia.

LR χ2 13.19, p = 0.001 Coefficient SE (95% CI) OR p

eGDR -0.593 0.211 -1.006 - -0.179 0.553 0.005

Current smokers 2.074 0.880 0.350–3.799 7.964 0.018

Constant 0.909 1.147 -1.338–3.157 2.483 0.428

Dependent variable: silent myocardial ischemia. Independent variables initially included in the model: estimation of glucose disposal rate (eGDR), age, sex

(male/female), BMI, smoking habit, dyslipidaemia (No/Yes), diabetic retinopathy and peripheral neuropathy (No/Yes).

https://doi.org/10.1371/journal.pone.0174640.t003
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Fig 1. ROC curves to detect Silent Myocardial Ischemia (SMI). The area under the curve (AUC) of the

three risk scores tended to underestimate SMI risk when compared with our proposed model. 1A)

Comparison with the Framingham Risk Score [0.833 (95% CI: 0.692–0.974) vs. 0.688 (95% CI: 0.545–0.830,

p = 0.122)]. 1B) Comparison with the UKPDS Risk Score [0.833 (95% CI: 0.692–0.974) vs. 0.559 (95% CI:

0.424–0.693), p = 0.001]. 1C) Comparison with the EDC Risk Score [0.833 (95% CI: 0.692–0.974) vs. 0.558

(95% CI: 0.352–0.763), p = 0.027].

https://doi.org/10.1371/journal.pone.0174640.g001
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complications are rare. We only have found the study from Sultan et al in which an association

between SMI and microangiopathy (defined as the presence of albuminuria or diabetic reti-

nopathy) was described, although they did not find any association when each component of

the microangiopathy was analysed separately [11]. In contrast with the study of Sultan et al, we

did not include patients with clinical CVD and our patients had a better glycaemic control, an

important factor contributing to lower the prevalence of microvascular complications. In fact,

the number of microvascular complications (nephopathy, retinopathy and peripheral neurop-

athy) was so small that the study was underpowered to evaluate such an association.

In the current study, the lack of association between SMI and T1DM duration deserves fur-

ther comment. To our knowledge, no previous study has evaluated this likely association. Our

study just included those persons with T1DM duration of more than 10 years. This fact lowers

the range of T1DM duration and it may justify the described lack of association between SMI

and T1DM duration. Thus, the design of the current study was not the most appropriate to

evaluate this issue.

The major limitation of the current study is its cross-sectional design, which makes it

impossible to determine the temporal ordering of the association between SMI and active

smoking or insulin resistance. Nonetheless, it seems reasonable to think that both factors

might be involved in the pathogenesis of SMI. In addition, the study was observational in

design and consequently complete control of all potential (unknown) confounding factors

could not be ensured.

In summary, the current study indicates a relatively high prevalence of SMI in subjects aged

35–65 years with T1DM of at least 10-year duration and no previous clinical cardiovascular

disease. Additionally, in these subjects, both active smoking and insulin resistance were inde-

pendently associated with SMI. Finally, the study reports the first SMI-risk estimation model

in T1DM, which could be of great utility in better identification of those individuals at higher

risk of SMI. Nevertheless, further studies are needed to validate these results in larger cohorts,

to improve the model’s accuracy with the addition of novel cardiovascular biomarkers and to

test its cost-effectiveness in routine clinical practice.
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