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Cardiovascular disease (CVD) is a major cause of mortality in type 1 diabetes mellitus (T1DM) patients, and

cardiovascular risk (CVR) remains high even in T1DM patients with good metabolic control.
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1. Introduction

The prevalence of diagnosed type 1 diabetes (T1DM) among US adults in 2016 and 2017 was 0.5%  and is increasing

worldwide, which may be partly related to reduced natural selection associated with health advances . Over the past few

decades, reduction in cardiovascular mortality and coronary cardiovascular disease in non-diabetic and diabetic patients

has corresponded with an overall mortality reduction and significant improvement in life expectancy in patients with type 2

(T2DM) and type 1 diabetes mellitus (T1DM) . These findings are reflected clearly in the two cohorts of the Pittsburgh

Epidemiology of Diabetes Complication (EDC) Study, which found an increase of 14 years in life expectancy between

T1DM patients diagnosed in 1950–1964 and those diagnosed in 1965–1980 . This improvement seems to be related

to the optimization of glycemic control, management of cardiovascular risk (CVR) factors, and interventional cardiology.

However, the total risk of cardiovascular disease (CVD) remains higher in T1DM patients than in non-diabetic subjects,

particularly in women, and it becomes the most important cause of morbidity and mortality in T1DM patients .

Compared to early-onset T2DM, T1DM is associated with a lower mortality and fewer complications . The

physiopathology underlying the relationship between cardiovascular events and T1DM is poorly understood, and

assessment of CVR and management to reduce CVD has been extrapolated in part from studies conducted in T2DM

patients and still represents a challenge for clinicians.

2. Clinical Atherosclerosis in T1DM Patients

The main epidemiological studies demonstrate that CVD events are more common and occur earlier in T1DM patients

than in the general population, although CVD prevalence varies substantially depending on diabetes duration, age, and

gender (Table 1). Krolewski et al. in 1987 , published the first observational study that included cumulative mortality

rate (CMR) due to coronary artery disease (CAD) in T1DM patients. By 55 years of age, the total CMR due to CAD was

35 ± 5%, much higher than the corresponding rate for non-diabetic subjects in the Framingham Heart Study, which was

8% for men and 4% for women. Also, the combined CMR for clinical coronary heart disease (CHD), including angina and

acute nonfatal myocardial infarction, and asymptomatic CAD detected by stress test was 33% among T1DM survivors

ages 45–59.

Since then, many studies progressively have confirmed high CVD prevalence in T1DM patients compared with the overall

population. In the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR), the standardized mortality ratio

(SMR) for ischemic heart disease in a diabetic group (n = 1200) diagnosed before age 30 and taking insulin was 9.1 in

men and 13 in women . The Pittsburgh Epidemiology of Diabetes Complications (EDC) study demonstrated that CAD

events were the leading cause of death in T1DM patients. The incidence of major CAD events in T1DM adults ages 28–38

was 0.98% per year and surpassed 3% per year after age 55 , with SMR ratios of CVD at 8.8 and 24.7 for men and

women, respectively, in the Allegheny County Type 1 Diabetes Registry . In the EURODIAB IDDM Complications Study,

which included 3250 T1DM patients from 16 European countries, overall CVD prevalence was 9% in men and 10% in

women. In addition, CVD prevalence increased with diabetes mellitus (DM) duration and age, at 6% in T1DM patients

ages 15–29, and 25% in T1DM patients age 45–59 . A study of the CVD prevalence rate was conducted on T1DM

patients who were selected to be comparable in age (mean age of 28) and DM duration (18–20 years) to the EDC Study

and the EURODIAB IDDM Complications Study . This report confirms the high prevalence of CVD in TIDM subjects

and was similar in both populations, (i.e., men 8.6% vs. 8.0%, women 7.4% vs. 8.5%, EURODIAB vs. EDC, respectively).
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The UK General Practice Research Database (GPRD), one of the most robust analyses of CVD risk that includes data

from more than 7400 T1DM patients with a mean age of 33 ± 14.5 years and mean DM duration of 15 ± 12 years,

reported that CVD events occurred about 10 to 15 years earlier in T1DM patients than in the matched non-diabetic control

group. During a mean follow-up of 4.7 years, the hazard ratio (HR) for major CVD events was 3.6 and 7.7 in T1DM men

and women, respectively, after stratification by year of birth and gender .

Another comparative study, published by the Diabetes Control and Complications Trial/Epidemiology of Diabetes

Interventions and Complications (DCCT/EDIC) Research Group and Collaborators, comprises an analysis of the long-

term cumulative incidence of CVD events in T1DM patients . Either intensive or conventional therapy patients in the

DCCT/EDIC study cohort (n  = 1441) were compared with a similar subset of the EDC population (n  = 161) after 18.5

years of follow-up. The cumulative incidence of CVD in the DCCT/EDIC conventional treatment group was similar to the

EDC cohort, with 14% cumulative incidence, but was significantly higher than the 9% of the DCCT/EDIC intensive

treatment group. These findings reflect that the frequency of acute complications in T1DM patients, especially for those

under intensive therapy over time, was lower than that previously published.

Recently, some observational studies reported that although the situation has improved for T1DM patients over the past

few years, cardiovascular event rates and cardiovascular mortality rates for CVD remain higher in T1DM patients than in

the overall population . A registry-based observational study conducted in a Swedish population of 34,000 T1DM

patients reported a higher risk of total death and CVD death rates––two- to nine-fold times and three- to 10-fold times,

respectively––in T1DM patients than in matched controls, depending on glycated hemoglobin (HbA1c) levels . In the

Scottish Care Information-Diabetes Collaboration (SCI-DC) database, the age-adjusted incidence rate ratio (IRR) for a

first CVD event associated with T1DM (n = 21,789) vs. the non-diabetic population (3.96 million) was higher in women

(3.0: 95% CI 2.4–3.8) than in men (2.3: 2.0–2.7), while the IRR for all-cause mortality associated with T1DM was

comparable at 2.6 (2.2–3.0) in men and 2.7 (2.2–3.4) in women . The estimated loss of life expectancy for patients with

type 1 diabetes in Scotland at age 20 was approximately 11 years for men and 13 years for women compared with the

general population without T1DM . Finally, in the Swedish National Diabetes Registry, T1DM patients with disease onset

before age 10 experienced a 30-fold increased risk of CHD and acute myocardial infarction (AMI) in their early adult

years, and women displayed a 60- and 90-fold increased risk of CHD and AMI, respectively. Early onset type 1 diabetes

resulted in a loss of 17.7 and 14.2 years of life expectancy for women and men, respectively .

In conclusion, CVD incidence is much higher and happens earlier in T1DM patients, women are more affected than men,

and the incidence is much more pronounced in patients with early diabetes. In T1DM, relative CVD risk, age-adjusted,

was 4- to 10-fold times higher, and CVD events occurred about 10 to 15 years earlier than matched non-diabetic subjects.

CVD prevalence depends on DM duration, glycemic control, and age of patients included in the cohorts.

3. CVD Risk Factors in T1DM Patients

The pathophysiology underlying cardiovascular events in T1DM patients remains unclear, and conventional CVD risk

factors’ relative role in T1DM is not well-defined. Conventional risk factors—such as hyperlipemia, HBP, and smoking—

are related to CVD in T1DM patients . However, in contrast to what usually happens with T2DM patients, these risk

factors are rarely present when T1DM diagnosis occurs and appear some years after a diabetes diagnosis. In fact, the

Framingham model in the Pittsburgh EDC study underestimates the prediction of cardiovascular events in T1DM because

conventional CVR factors cannot explain increased CVR in T1DM patients, suggesting the presence of specific risk

factors for these subjects . For instance, T1DM patients have long-term hyperglycemia that is unrelated to other

associated metabolic disorders compared with T2DM patients. Below, we review the specific risk factors in the CVD

pathophysiology, as well as those factors that are relevant to the evaluation and management of T1DM patients.
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