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Abstract

Purpose of review—To review the recent evidence for lipid management in type 1 diabetes 

(T1D) for cardiovascular risk reduction.

Recent findings—Individuals with T1D are at increased risk for cardiovascular morbidity and 

mortality, with atherosclerosis beginning as early as adolescence. Elevated low-density lipoprotein 

cholesterol (LDL-C), triglycerides, and lipoprotein (a) are associated with increased 

cardiovascular risk in T1D. Although high-density lipoprotein cholesterol (HDL-C) in T1D is 

often normal or higher than in nondiabetic controls, HDL in T1D has structural alterations, which 

make it proatherogenic rather than cardioprotective. Similarly, although LDL-C is not particularly 

elevated in T1D, LDL still contributes to cardiovascular risk. Studies in individuals with diabetes 

have primarily included T2D participants, with a much smaller number of T1D participants; such 

studies have shown that lipid-lowering therapies, such as statins, ezetimibe, and proprotein 

convertase subtilisin/kexin type 9 (PCSK9) inhibitors reduce LDL-C levels and cardiovascular 

events in both those with and without diabetes. Individuals with T1D have increased cholesterol 

absorption, suggesting that ezetimibe may be particularly effective in T1D. Results of the 

REDUCE-IT trial show cardiovascular risk reduction from high-dose omega-3 fatty acid 

(Icosapent Ethyl) therapy in patients with diabetes (primarily type 2 diabetes), independent of 

triglyceride lowering, but similar data in T1D are currently lacking.

Summary—Individuals with T1D are at high risk of cardiovascular disease, necessitating close 

lipid monitoring and management from adolescence through adulthood.
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INTRODUCTION

Type 1 diabetes (T1D) is the most common type of diabetes in youth, with 1 in 300 people 

developing T1D by age 18 years [1]. Adolescents with T1D show early subclinical 

atherosclerotic changes that are similar to those seen in children with heterozygous familial 

hypercholesterolemia [2,3]. Individuals with T1D are at increased risk for cardiovascular 

events and mortality, even in young adulthood [4■]. Therefore, the close management of 

cardiovascular risk factors is crucial, including dyslipidemia, nephropathy, hypertension, 

smoking, obesity, glycemic control, insulin resistance, nutrition and physical activity.

Adults and adolescents with T1D are insulin-resistant compared with nondiabetic 

individuals, although their lipid profiles do not display the metabolic syndrome features 

classically associated with insulin resistance [5]. For example, youth with T1D have higher 

high-density lipoprotein cholesterol (HDL-C) and similar or lower triglyceride values 

compared with nondiabetic controls. Low-density lipoprotein cholesterol (LDL-C) 

concentrations in youth with T1D are generally similar to or slightly higher than controls, 

with higher LDL-C values seen in those with HbA1c greater than 7.5% [6]. Adults with T1D 

generally have lower LDL-C, lower triglycerides, and higher HDL-C values compared with 

nondiabetic peers [7]. However, recent evidence shows that changes in HDL-C composition 

and function are present in T1D, which may make HDL proatherogenic rather than cardio-

protective in T1D [8■]. In addition, many individuals with T1D, particularly youth and 

women, have a shift to smaller and/or denser LDL, also thought to be proatherogenic [9,10]. 

The purpose of this review is to summarize and assess the recent scientific evidence and 

clinical guidelines for lipid management in T1D, with a focus on cardiovascular disease 

(CVD) risk reduction.

CARDIOVASCULAR DISEASE AND INSULIN RESISTANCE IN TYPE 1 

DIABETES

Individuals with T1D have a high burden of cardiovascular morbidity and mortality. 

Subclinical atherosclerotic vascular changes begin as early as childhood, with several studies 

showing arterial stiffness and endothelial dysfunction in adolescents with T1D [2,11,12]. 

Children with T1D also have increased carotid and aortic intima–media thickness versus 

nondiabetic controls, both markers of early atherosclerotic changes [13,14].

Obesity is increasing in T1D, with 56% of adults in the T1D exchange either overweight or 

obese [15]. This increase in obesity is exacerbating the insulin resistance already present in 

T1D [16,17], and insulin resistance correlates strongly with both coronary artery 

calcification and cardiovascular events [18–20]. Treatment with metformin in T1D has been 

shown to improve insulin sensitivity, carotid intima–media thickness, and aortic stiffness, 

demonstrating the important rule of insulin resistance in promoting cardiovascular disease in 

T1D [21,22■]. Recent evidence from youth with T1D suggests that the elevated arterial 

stiffness associated with increased LDL-C was attenuated when controlling for insulin 

sensitivity, suggesting that the adverse vascular effects from elevated LDL-C in T1D may be 

partially explained by insulin resistance [23■■].
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Young adults with T1D ages 21–30 years have 11-fold increased risk and those ages 31–40 

years have 13-fold increased risk of cardiovascular mortality compared with their age-

matched and sex-matched nondiabetic peers [4■]. Developing T1D before age 10 years 

results in a loss of 17.7 life-years for women and 14.2 life-years for men. Those who 

develop T1D in adulthood also have significantly increased mortality, with an estimated loss 

of 10 life-years for those diagnosed after age 20 years [24].

LIPIDS AND LIPOPROTEINS IN TYPE 1 DIABETES

Although levels of lipids and lipoproteins are often within the normal range in T1D, 

alterations in lipoprotein composition may be important to CVD risk in T1D. This article 

will, therefore, review the contribution of cholesterol and lipoprotein types to CVD risk in 

T1D, as well as assess the evidence regarding therapeutic management for each lipoprotein 

phenotype.

Low-density lipoprotein-cholesterol

LDL-C is a significant predictor of cardiovascular events and mortality in T1D, with each 1 

mmol/l (38.7 mg/dl) increase in LDL-C associated with 35–50% greater risk, according to a 

study using Swedish National Diabetes Registry data [25■].

In the landmark Diabetes Control and Complications Trial/Epidemiology of Diabetes 

Interventions and Complications (DCCT/EDIC) trial in adults with T1D, LDL-C was a 

significant risk factor for the primary outcome of CVD and the secondary outcome of major 

atherosclerotic cardiovascular events (MACE) [26]. In the prospective Pittsburgh 

Epidemiology of Diabetes Complications (EDC) study, which followed individuals with 

childhood-onset T1D, LDL-C was similarly found to be a risk factor for CVD and MACE 

[27]. Data from the Pittsburgh EDC study suggest that maintaining an LDL-C less than 100 

mg/dl is optimal for primary CVD prevention in T1D [28]. Current available interventions 

for elevated LDL-C include lifestyle modification and therapeutic management with statins, 

ezetimibe, and proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors.

Adopting a Mediterranean-style or DASH (Dietary Approaches to Stop Hypertension) diet is 

recommended for LDL-lowering [29]. Statin therapy, the mainstay of treatment for LDL-

lowering, has been shown to reduce mortality and cardiovascular events by approximately 

25% in individuals with diabetes (including both T1D and T2D); however, the large majority 

of participants in these studies had T2D [30]. This benefit was also seen in individuals with 

diabetes with a pretreatment LDL-C less than 116 mg/dl, who experienced a 27% reduction 

in cardiovascular events on statin therapy [30]. In a prospective cohort study in Sweden, 

lipid-lowering therapy (97% statins) was associated with decreased all-cause mortality in 

adults with T1D without underlying CVD, when matched to a cohort with similar baseline 

risk [31]. In the AdDIT trial in adolescents with T1D, treatment with statin therapy for 2–4 

years reduced LDL-C concentrations, but did not improve carotid intima–media thickness 

[32].

Recent studies have also demonstrated the LDL-C-lowering benefits offered by newer 

medications, such as ezetimibe and PCSK9 inhibitors. Ezetimibe inhibits cholesterol 
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absorption in the small intestine. The IMPROVE-IT trial showed the superiority of 

ezetimibe/statin combination therapy versus statin monotherapy, particularly in participants 

with recent acute coronary syndrome and diabetes [33]. For participants with diabetes on 

ezetimibe/statin therapy, there was an absolute risk reduction of 5.5% in the composite 

endpoint of major coronary events, cardiovascular death, and stroke, compared with an 

absolute risk reduction of only 0.7% in those without diabetes. Ezetimibe/statin combination 

led to a 40 mg/dl LDL-C reduction following 1 year of therapy, compared with only a 22 

mg/dl reduction with statin therapy alone [33]. In an exploratory nonrandomized cross-over 

study comparing ezetimibe with statin therapy in T1D and T2D individuals, ezetimibe was 

more effective in LDL-lowering for those with T1D versus T2D, and within the T1D group 

ezetimibe lowered LCL-C more than statins [34]. Of interest is recent evidence showing 

increased cholesterol absorption in T1D versus T2D. Moreover, these data demonstrated 

decreased cholesterol synthesis in adolescents with T1D compared with nondiabetic controls 

[35■■]. The results of these studies suggest that ezetimibe may be a particularly potent 

lipid-lowering agent in individuals with T1D, given its direct effects on decreasing 

cholesterol absorption.

PCSK9 inhibitors, a newer class of lipid-lowering drugs, act by inhibiting the PCSK9-

mediated degradation of LDL receptors in hepatocytes, therefore, increasing LDL-receptor 

expression and decreasing LDL-C levels [36]. Youth with T1D have increased PCSK9 

concentrations versus matched nondiabetic controls, and PCSK9 concentrations in T1D 

youth are correlated with HbA1c, triglycerides, total cholesterol, and LDL-C [37]. In youth 

with T1D and suboptimal or poor glycemic control, PCSK9 concentrations correlate with 

the presence of increased small, dense LDL (sdLDL), a relationship inversely correlated 

with good glycemic control in T1D individuals (HbA1c <7.5%). This finding may be 

because of the effects of insulin administration, which include both increasing PCSK9 as 

well as lowering sdLDL [38]. PCSK9 inhibitors have potent lipid-lowering activity and 

reduce LDL-C by 47.8% on average versus placebo in individuals with T1D [39]. They also 

reduce cardiovascular events in patients who have underlying cardiovascular disease and are 

on statin therapy, with no significant difference in cardiovascular risk reduction in those with 

or without diabetes; 97% of participants in this study had T2D, highlighting the limited 

evidence for CVD prevention specifically in T1D [40]. PCSK9 inhibitors are, therefore, 

highly beneficial for LDL-lowering and are cardio-protective; however, for those with 

diabetes, they are most often used for secondary prevention for individuals with a history of 

CVD unable to achieve optimal LDL-C levels on maximally tolerated statin therapy [29]. 

For specific clinical guideline recommendations regarding LDL-C lowering, see Tables 1 

and 2.

Triglycerides

In individuals with T1D from both the PittsburghEDC and DCCT/EDIC studies, increased 

triglycerides were associated with increased risk of cardiovascular events [26,27]. However, 

the relationship between hypertriglyceridemia and CVD is likely only an association as 

atherosclerotic plaque primarily contains cholesteryl ester derived from cholesterol-rich 

lipoprotein remnants of triglyceride-rich lipoproteins (such as very-low-density lipoproteins 

and chylomicrons), rather than triglycerides [41].

Tell et al. Page 4

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2020 October 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In addition to diet/exercise changes, medication classes that lower triglycerides include 

moderate-intensity or high-intensity statins, fibrates, niacin, and omega-3 fatty acids. Fibrate 

therapy has not shown consistent CVD benefit in people with T2D, and those taking fibrates 

combined with statins are at increased risk of muscle and liver side effects. For this reason, 

fibrate therapy is only currently recommended for prevention of acute pancreatitis in people 

with fasting triglycerides greater than 500. Niacin similarly has not been shown to provide 

cardiovascular benefit in patients with T2D, and is therefore, not currently recommended for 

CVD prevention [29].

Numerous studies have been performed with omega-3 fatty acids, containing various 

combinations of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), with 

inconsistent findings. In the ASCEND trial in individuals with diabetes without underlying 

CVD (only 6% with T1D), treatment with 840 g/day of omega-3 fatty acid (460 mg EPA, 

380 mg DHA) did not reduce the primary end point of serious vascular events or all-cause 

mortality; however, omega-3 fatty acid treatment did reduce vascular deaths [42]. In the 

ORIGIN trial studying individuals with dysglycemia or diabetes with preexisting CVD, 

nephropathy, or peripheral neuropathy, taking 840 g/day of omega-3 fatty acids (465 mg 

EPA and 375 mg DHA) similarly did not impact the rate of cardiovascular events [43].

In the recent REDUCE-IT trial, the effect of 4 g/day of purified EPA in the form of the 

medication icosapent ethyl was evaluated for both primary and secondary CVD prevention. 

Specifically, REDUCE-IT included participants on statin therapy, with fasting triglycerides 

of 135–499 mg/dl, LDL-C of 41–100 mg/dl, and either established CVD or diabetes in 

conjunction with other CVD risk factors. About 58% of participants had diabetes, but only 

approximately 0.7% of those with diabetes had T1D. For those with diabetes, the primary 

outcome (cardiovascular death, nonfatal MI, nonfatal stroke, coronary revascularization, or 

unstable angina) was reduced by 23% versus placebo, with a number needed to treat of 21. 

In addition, the secondary endpoint of cardiovascular death, nonfatal MI, or nonfatal stroke 

was reduced by 30% for those with diabetes. Of note, cardiovascular benefits did not differ 

based upon baseline triglyceride values or attained triglyceride levels at 1 year of treatment, 

suggesting that the mechanism of cardioprotection was likely independent of its triglyceride-

lowering effect, and instead because of possible metabolic, anti-inflammatory, or antiplatelet 

effects [44■]. Cardiovascular benefits were even more pronounced in the REDUCE-IT USA 

subgroup with diabetes, with this subgroup’s primary outcome reduced by 31% and 

secondary endpoint reduced by 34%. In the USA subgroup with diabetes, only 1% of 

participants had T1D [45]. Given these data, both the American Diabetes Association (ADA) 

and National Lipid Association (NLA) recommend the use of icosapent ethyl for adults with 

diabetes and underlying CVD or multiple cardiovascular risk factors who are on maximally 

tolerated statin therapy with fasting triglycerides 135–499 mg/dl [29,46]. However, 

additional data are still needed in T1D.

High-density lipoprotein-cholesterol

Insulin resistance, metabolic syndrome, and T2D are classically associated with decreased 

HDL-C. Although individuals with T1D have insulin resistance, paradoxically, HDL-C is 

often higher in people with T1D than in nondiabetic controls [6,7]. However, growing 
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evidence suggests that HDL in T1D may become dysfunctional and proatherogenic, rather 

than cardioprotective. In a study of adolescents with T1D, HDL dysfunction was noted in 

those with inflammation and/or albuminuria [8■]. HDL particles isolated from individuals 

with T1D also show impaired anti-inflammatory capacity [47], and those with T1D have 

greater triglyceride enrichment in HDL versus nondiabetic controls [48]. Youth with T1D 

also have proteomic alterations in their HDL compared with healthy controls, including 

increased levels of the protein FHR2, a complement factor, which may be linked to 

inflammation [49]. In a study of T1D youth and young adults, reduced HDL function was 

noted soon after diabetes onset and persisted over time [50]. This is consistent with the 

finding of decreased cholesterol efflux capacity in T1D versus nondiabetic controls, as 

cholesterol efflux is an important component of reverse cholesterol transport attributed to 

HDL [51].

Pharmacological attempts to increase HDL-C have failed to result in clinical benefit, and 

therefore are not currently recommended [52].

Lipoprotein(a)

Lipoprotein(a), or Lp(a), is a low-density lipoprotein particle with an additional 

apolipoprotein(a) covalently linked to the apolipoprotein(B) component of the LDL particle. 

Lp(a) concentrations are genetically determined, pro-atherogenic, and pro-inflammatory. In 

a study of Lp(a) in T1D individuals, participants with high Lp(a) values (>120 nmol/l) had 

higher rates of macrovascular complications, calcified aortic valve disease, and albuminuria 

compared with those with very low Lp(a) [52]. In this study, those with good glycemic 

control (HbA1C <6.9%) had lower Lp(a) concentrations than those with suboptimal control, 

although previous studies have shown conflicting results regarding the relationship between 

HbA1c and Lp(a) [53■■].

In the FOURIER trial, examining the effect of the PCSK9 inhibitor evolocumab in adults 

with established CVD on statin therapy, evolocumab reduced Lp(a) concentrations, and 

participants with higher baseline Lp(a) concentrations had greater cardiovascular benefit. In 

the FOURIER trial, 40% of participants had diabetes, but only 3% of those with diabetes 

had T1D, and subgroup analysis by diabetes status was not performed [54].

In the ODYSSEY OUTCOMES study evaluating the effect of the PCSK9 inhibitor 

alirocumab in individuals with recent acute coronary syndrome on statin therapy (29% of 

whom had diabetes), alirocumab reduced LDL-C, Lp(a), and MACE. Lp(a) reduction 

independently contributed to MACE reduction, suggesting that it may have value as an 

independent treatment target for CVD prevention [55■].

PCSK9 inhibitors and niacin lower Lp(a), whereas statins do not [53■■]. Current clinical 

guidelines do not recommend universal Lp(a) testing or specific therapeutic management to 

lower elevated Lp(a). However, the most recent american college of cardiology (ACC)/

american heart association (AHA) guidelines and NLA guidelines suggest that an Lp(a) > 50 

mg/dl (100 nmol/ls) is a risk-enhancing factor for atherosclerotic cardiovascular disease 

(ASCVD), which may guide more aggressive LDL-C lowering [56,57].
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CLINICAL GUIDELINES

Current guidelines which address targets and interventions for LDL-C lowering in T1D 

include the 2020 ADA Standards of Medical Care in Diabetes (SOMC) (with separate 

pediatric and adult sections) [29,58], the 2019 European Society of Cardiology/European 

Atherosclerosis Society (ESC/EAS) Guidelines for Management of Dyslipidaemias [52], 

and the 2018 ACC/AHA Guidelines on Management of Blood Cholesterol [56]. Pediatric-

specific guidelines in T1D include the 2018 International Society of Pediatric and 

Adolescent Diabetes (ISPAD) Clinical Practice Guidelines [59], and the 2019 AHA 

Scientific Statement on Cardiovascular Risk Reduction in High-Risk Pediatric Patients [60].

For youth with T1D, both the 2018 ISPAD Guidelines and 2019 AHA Statement 

recommend statin therapy for persistent LDL at least 130 mg/dl [59,60], with the 2020 ADA 

SOMC less aggressively recommending a threshold of LDL at least 160 mg/dl unless other 

CVD risk factors are present [58]. The AHA Statement also discusses the potential use of 

cholesterol absorption inhibitors (such as ezetimibe) if LDL-C goals are not met with statins, 

whereas ezetimibe is not specifically addressed in the pediatric population in either the 

ISPAD or ADA Guidelines [60]. For a summary of pediatric guidelines, see Table 1.

Unfortunately, most guidelines for the adult T1D population fail to distinguish T1D from 

T2D. This position reflects the absence of randomized controlled trials in patients with T1D. 

The 2020 ADA SOMC and the 2018 ACC/AHA Guidelines are very similar, although subtle 

differences are present. For example, for those age 20–39 years old without ASCVD, the 

ACC/AHA Guidelines consider a diabetes duration of at least 20 years an indication for 

starting statin therapy, whereas this is not a specific indication in the ADA SOMC. Another 

difference is the therapeutic approach to individuals with underlying ASCVD at very-high-

risk per ACC/AHA criteriaz. For people in this group unable to achieve goal LDL-C less 

than 70, the ADA SOMC recommends adding either ezetimibe or PCSK9 inhibitor therapy, 

whereas the ACC/AHA Guidelines explicitly recommend adding ezetimibe first and only 

adding PCSK9 inhibitor therapy if unable to reach an optimal level of LDL-C on combined 

statin and ezetimibe therapy [29,56].

The 2019 ESC/EAS Guidelines differ from the other adult guidelines, with more aggressive 

LDL-C lowering recommended as well as a strong emphasis on T1D diabetes duration as a 

CVD risk factor. For example, those with a T1D duration of 10 years or more are 

categorized as high-risk with an LDL-C goal of less than 70 mg/dl, and those with a T1D 

duration of 20 years or more are considered very-high-risk with goal LDL-C less than 55 

mg/dl [52]. For a summary of adult guidelines, see Table 2.

CONCLUSION

Adults with T1D are at increased risk of CVD. Elevated HDL-C levels in T1D are falsely 

reassuring, with HDL often dysfunctional rather than protective. Individuals with T1D 

benefit from LDL-C lowering with statins, ezetimibe, and PCSK9 inhibitors; however, 

randomized controlled trials assessing CVD reduction to date have grouped all participants 

with diabetes and enrolled many more patients with T2D, making it difficult to specifically 
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assess the outcomes in T1D. For this reason, current clinical SOMC and guidelines are 

extrapolated from studies in T2D or cohort studies in T1D. Future research is warranted to 

better understand the best approaches to CVD risk reduction in T1D, including the effect of 

ezetimibe versus PCSK9 inhibitors, particularly given the increased cholesterol absorption 

observed in T1D. Addressing insulin resistance and the increasing rates of obesity, poor 

nutrition, and inactivity in T1D are also necessary for CVD risk reduction in T1D.

Financial support and sponsorship

K.J.N. is supported by an NIDDK K24 award. S.T. is supported by an NIH T32 grant.

REFERENCES AND RECOMMENDED READING

Papers of particular interest, published within the annual period of review, have been 
highlighted as:

■ of special interest

■■ of outstanding interest

1. Maahs DM, West NA, Lawrence JM, Mayer-Davis EJ. Epidemiology of type 1 diabetes. Endocrinol 
Metab Clin North Am 2010; 39:481–497. [PubMed: 20723815] 

2. Shah AS, Wadwa RP, Dabelea D, et al. Arterial stiffness in adolescents and young adults with and 
without type 1 diabetes: the SEARCH CVD study. Pediatr Diabetes 2015; 16:367–374. [PubMed: 
25912292] 

3. Järvisalo Mikko J, Jartti L, Näntö-Salonen K, et al. Increased aortic intima-media thickness. 
Circulation 2001; 104:2943–2947. [PubMed: 11739310] 

4 ■. Svane J, Lynge TH, Pedersen-Bjergaard U, et al. Cause-specific mortality in b children and young 
adults with diabetes mellitus: a Danish nationwide cohort study. Eur J Prev Cardiol 2019; 
2047487319836550.This Danish cohort study examined cause-specific mortality in diabetes and 
found that youth and young adults with T1D have an 11-fold increased risk of cardiovascular 
mortality compared with age-matched and sex-matched nondiabetic controls.

5. Bjornstad P, Eckel RH. Pathogenesis of lipid disorders in insulin resistance: a brief review. Curr 
Diab Rep 2018; 18:127. [PubMed: 30328521] 

6. Guy J, Ogden L, Wadwa RP, et al. Lipid and lipoprotein profiles in youth with and without type 1 
diabetes: the SEARCH for Diabetes in Youth case-control study. Diabetes Care 2009; 32:416–420. 
[PubMed: 19092167] 

7. Wadwa RP, Kinney GL, Maahs DM, et al. Awareness and treatment of dyslipidemia in young adults 
with type 1 diabetes. Diabetes Care 2005; 28:1051–1056. [PubMed: 15855566] 

8 ■. Chiesa ST, Charakida M, McLoughlin E, et al. Elevated high-density lipopro- tein in adolescents 
with type 1 diabetes is associated with endothelial dysfunction in the presence of systemic 
inflammation. Eur Heart J 2019; 40:3559–3566. [PubMed: 30863865] This study in adolescents 
with T1D demonstrated that albuminuria and inflammation independently predict HDL 
dysfunction, and adolescents with both high inflammatory risk scores and high levels of HDL-C 
have impaired endothelial function as assessed by flow-mediated dilation.

9. Cree-Green M, Maahs DM, Ferland A, et al. Lipoprotein subfraction cholesterol distribution is more 
atherogenic in insulin resistant adolescents with type 1 diabetes. Pediatr Diabetes 2016; 17:257–
265. [PubMed: 26080650] 

10. Maahs DM, Hokanson JE, Wang H, et al. Lipoprotein subfraction cholesterol distribution is 
proatherogenic in women with type 1 diabetes and insulin resistance. Diabetes 2010; 59:1771–
1779. [PubMed: 20393149] 

11. Jarvisalo MJ, Raitakari M, Toikka JO, et al. Endothelial dysfunction and increased arterial intima-
media thickness in children with type 1 diabetes. Circulation 2004; 109:1750–1755. [PubMed: 
15023875] 

Tell et al. Page 8

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2020 October 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Haller MJ, Stein J, Shuster J, et al. Peripheral artery tonometry demonstrates altered endothelial 
function in children with type 1 diabetes. Pediatric Diabetes 2007; 8:193–198. [PubMed: 
17659060] 

13. Zhang Y, Zhang H, Li P. Cardiovascular risk factors in children with type 1 diabetes mellitus. J 
Pediatr Endocrinol Metab 2019; 32:699–705. [PubMed: 31199772] 

14. Harrington J, Pena AS, Gent R, et al. Aortic intima media thickness is an early marker of 
atherosclerosis in children with type 1 diabetes mellitus. J Pediatr 2010; 156:237–241. [PubMed: 
19853860] 

15. Shah VN, Bailey R, Wu M, et al. Risk factors for cardiovascular disease (CVD) in adults with type 
1 diabetes: findings from Prospective Real-life T1D Exchange Registry. J Clin Endocrinol Metab 
2020.

16. Specht BJ, Wadwa RP, Snell-Bergeon JK, et al. Estimated insulin sensitivity and cardiovascular 
disease risk factors in adolescents with and without type 1 diabetes. J Pediatr 2013; 162:297–301. 
[PubMed: 22921593] 

17. Nadeau KJ, Regensteiner JG, Bauer TA, et al. Insulin resistance in adolescents with type 1 diabetes 
and its relationship to cardiovascular function. J Clin Endocrinol Metab 2010; 95:513–521. 
[PubMed: 19915016] 

18. Budoff M, Backlund JC, Bluemke DA, et al., DCCT/EDIC Research Group. The association of 
coronary artery calcification with subsequent incidence of cardiovascular disease in type 1 
diabetes: the DCCT/EDIC Trials. JACC Cardiovasc Imaging 2019; 12(7 Pt 2):1341–1349. 
[PubMed: 30878435] 

19. Guo J, Erqou SA, Miller RG, et al. The role of coronary artery calcification testing in incident 
coronary artery disease risk prediction in type 1 diabetes. Diabetologia 2019; 62:259–268. 
[PubMed: 30426170] 

20. Schauer IE, Snell-Bergeon JK, Bergman BC, et al. Insulin resistance, defective insulin-mediated 
fatty acid suppression, and coronary artery calcification in subjects with and without type 1 
diabetes: the CACTI study. Diabetes 2011; 60:306–314. [PubMed: 20978091] 

21. Cree-Green M, Bergman BC, Cengiz E, et al. Metformin improves peripheral insulin sensitivity in 
youth with type 1 diabetes. J Clin Endocrinol Metab 2019; 104:3265–3278. [PubMed: 30938764] 

22 ■. Bjornstad P, Schafer M, Truong U, et al. Metformin improves insulin sensitivity and vascular 
health in youth with type 1 diabetes mellitus. Circulation 2018; 138:2895–2907. [PubMed: 
30566007] This ÿandomised controlled trial examined the effects of metformin on 48 adolescents 
with T1D and 24 nondiabetic matched controls. Adolescents with T1D had increased insulin 
resistance and vascular dysfunction at baseline compared with nondiabetic controls; however, 
treatment with metformin for 3 months improved insulin resistance and vascular function in the 
T1D group.

23 ■■. Gourgari E, Stafford JM, D’Agostino R Jr, et al. The association of low-density lipoprotein 
cholesterol with elevated arterial stiffness in adolescents and young adults with type 1 and type 2 
diabetes: the SEARCH for Diabetes in Youth Study. Pediatr Diabetes 2020.This article from the 
longitudinal cohort study SEARCH for Diabetes in Youth demonstrated that in T1D, increased 
LDL-C is associated with increased arterial stiffness; however, adjustment for insulin sensitivity 
and waist-to-height ratio attenuated this relationship, suggesting that insulin resistance may 
partially account for the effect of LDL-C on CVD in T1D.

24. Rawshani A, Sattar N, Franzén S, et al. Excess mortality and cardiovascular disease in young 
adults with type 1 diabetes in relation to age at onset: a nationwide, register-based cohort study. 
Lancet 2018; 392:477–486. [PubMed: 30129464] 

25 ■. Rawshani A, Rawshani A, Sattar N, et al. Relative prognostic importance and optimal levels of 
risk factors for mortality and cardiovascular outcomes in type 1 diabetes mellitus. Circulation 
2019; 139:1900–1912. [PubMed: 30798638] This Swedish National Observational Cohort Study 
in T1D examined risk factors for CVD in T1D using Cox regression and machine learning 
analyses, and found that the strongest predictors were HbA1c, albuminuria, diabetes duration, 
SBP, and LDL-C. LDL-C was associated with 35–50% increased CVD risk for each 1 mmol/l 
increase in LDL-C.

Tell et al. Page 9

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2020 October 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and 
Complications (DCCT/EDIC) Research Group. Risk factors for cardiovascular disease in type 1 
diabetes. Diabetes 2016; 65:1370–1379. [PubMed: 26895792] 

27. Miller RG, Costacou T, Orchard TJ. Risk factor yandomise for cardiovascular disease in type 1 
diabetes in the Pittsburgh Epidemiology of Diabetes Complications (EDC) Study: a comparison 
with the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and 
Complications Study (DCCT/EDIC). Diabetes 2019; 68:409–419. [PubMed: 30409781] 

28. Orchard TJ, Forrest KY-Z, Kuller LH, Becker DJ. Lipid and blood pressure treatment goals for 
type 1 diabetes: 10-year incidence data from the Pittsburgh Epidemiology of Diabetes 
Complications Study. Diabetes Care 2001; 24:1053–1059. [PubMed: 11375370] 

29. American Diabetes Association. 10. Cardiovascular disease and risk management: standards of 
medical care in Diabetes-2020. Diabetes Care 2020; 43(Suppl 1):S111–S134. [PubMed: 
31862753] 

30. MRC/BHF Heart Protection Study of cholesterol-lowering with simvastatin in 5963 people with 
diabetes: a randomised placebo-controlled trial. Lancet 2003; 361:2005–2016. [PubMed: 
12814710] 

31. Hero C, Rawshani A, Svensson AM, et al. Association between use of lipid-lowering therapy and 
cardiovascular diseases and death in individuals with type 1 diabetes. Diabetes Care 2016; 39:996–
1003. [PubMed: 27208327] 

32. Marcovecchio ML, Chiesa ST, Bond S, et al., AdDIT Study Group. ACE inhibitors and statins in 
adolescents with type 1 diabetes. N Engl J Med 2017; 377:1733–1745. [PubMed: 29091568] 

33. Giugliano RP, Cannon CP, Blazing MA, et al., IMPROVE-IT (Improved Reduction of Outcomes: 
Vytorin Efficacy International Trial) Investigators. Benefit of adding ezetimibe to statin therapy on 
cardiovascular outcomes and safety in patients with versus without diabetes mellitus: results from 
IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Efficacy International Trial). 
Circulation 2018; 137:1571–1582. [PubMed: 29263150] 

34. Ciriacks K, Coly G, Krishnaswami S, et al. Effects of simvastatin and ezetimibe in lowering low-
density lipoprotein cholesterol in subjects with type 1 and type 2 diabetes mellitus. Metab Syndr 
Relat Disord 2015; 13:84–90. [PubMed: 25490061] 

35 ■■. Semova I, Levenson AE, Krawczyk J, et al. Type 1 diabetes is associated with an increase in 
cholesterol absorption markers but a decrease in cholesterol synthesis markers in a young adult 
population. J Clin Lipidol 2019; 13:940–946. [PubMed: 31706902] This study examined 
cholesterol metabolism in 175 adolescents with T1D versus 74 nondiabetic controls. It showed a 
30% increase in plasma levels of campesterol and ß-sitosterol in T1D, both markers of 
cholesterol absorption. It also found a 20% decrease in lanthosterol in T1D participants, which is 
a marker of cholesterol synthesis.

36. Casula M, Olmastroni E, Boccalari MT, et al. Cardiovascular events with PCSK9 inhibitors: an 
updated meta-analysis of randomised controlled trials. Pharmacol Res 2019; 143:143–150. 
[PubMed: 30926528] 

37. Levenson AE, Wadwa RP, Shah AS, et al. PCSK9 is increased in youth with type 1 diabetes. 
Diabetes Care 2017; 40:e85–e87. [PubMed: 28588146] 

38. Bojanin D, Vekic J, Milenkovic T, et al. Association between proprotein convertase subtilisin/kexin 
9 (PCSK9) and lipoprotein subclasses in children with type 1 diabetes mellitus: effects of glycemic 
control. Atherosclerosis 2019; 280:14–20. [PubMed: 30453116] 

39. Leiter LA, Cariou B, Muller-Wieland D, et al. Efficacy and safety of alirocumab in insulin-treated 
individuals with type 1 or type 2 diabetes and high cardiovascular risk: the ODYSSEY DM-
INSULIN yandomised trial. Diabetes Obes Metab 2017; 19:1781–1792. [PubMed: 28905478] 

40. Sabatine MS, Leiter LA, Wiviott SD, et al. Cardiovascular safety and efficacy of the PCSK9 
inhibitor evolocumab in patients with and without diabetes and the effect of evolocumab on 
glycaemia and risk of new-onset diabetes: a prespecified analysis of the FOURIER randomised 
controlled trial. Lancet Diabetes Endocrinol 2017; 5:941–950. [PubMed: 28927706] 

41. Chait A, Ginsberg HN, Vaisar T, et al. Remnants of the triglyceride-rich lipoproteins, diabetes, and 
cardiovascular disease. Diabetes 2020; 69:508–516. [PubMed: 32198194] 

Tell et al. Page 10

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2020 October 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



42. Group ASC, Bowman L, Mafham M, et al. Effects of n-3 fatty acid supplements in diabetes 
mellitus. N Engl J Med 2018; 379:1540–1550. [PubMed: 30146932] 

43. ORIGIN Trial Investigators. Bosch J, Gerstein HC, et al. n-3 fatty acids and cardiovascular 
outcomes in patients with dysglycemia. N Engl J Med 2012; 367:309–318. [PubMed: 22686415] 

44 ■. Bhatt DL, Steg PG, Miller M, et al., REDUCE-IT Investigators. Cardiovascular risk reduction 
with icosapent ethyl for hypertriglyceridemia. N Engl J Med 2019; 380:11–22. [PubMed: 
30415628] The REDUCE-IT yandomised controlled trial studied the effect of icosapent ethyl in 
individuals with either established CVD or diabetes with CVD risk factors, who also had 
controlled LDL-C on statin therapy and fasting triglycerides of 135–499 mg/dl. It demonstrated 
significant cardiovascular risk reduction with icosapent ethyl treatment, independent of its 
triglyceride-lowering effect.

45. Bhatt DL, Miller M, Brinton EA, et al., REDUCE-IT Investigators. REDUCE-IT USA: results 
from the 3146 patients yandomised in the United States. Circulation 2020; 141:367–375. 
[PubMed: 31707829] 

46. Orringer CE, Jacobson TA, Maki KC. National Lipid Association Scientific Statement on the use 
of icosapent ethyl in statin-treated patients with elevated triglycerides and high or very-high 
ASCVD risk. J Clin Lipidol 2019; 13:860–872. [PubMed: 31787586] 

47. Ganjali S, Dallinga-Thie GM, Simental-Mendia LE, et al. HDL functionality in type 1 diabetes. 
Atherosclerosis 2017; 267:99–109. [PubMed: 29102899] 

48. Llaurado G, Amigo N, Cano A, et al. Specific nuclear magnetic resonance lipoprotein subclass 
profiles and central arterial stiffness in type 1 diabetes mellitus: a case control study. J Clin Med 
2019; 8:.

49. Gourgari E, Ma J, Playford MP, et al. Proteomic alterations of HDL in youth with type 1 diabetes 
and their associations with glycemic control: a case-control study. Cardiovasc Diabetol 2019; 
18:43. [PubMed: 30922315] 

50. Heier M, Borja MS, Brunborg C, et al. Reduced HDL function in children and young adults with 
type 1 diabetes. Cardiovasc Diabetol 2017; 16:85. [PubMed: 28683835] 

51. Gourgari E, Playford MP, Campia U, et al. Low cholesterol efflux capacity and abnormal 
lipoprotein particles in youth with type 1 diabetes: a case control study. Cardiovasc Diabetol 2018; 
17:158. [PubMed: 30567548] 

52. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines for the management of 
dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart J 2020; 41:111–188. 
[PubMed: 31504418] 

53 ■■. Littmann K, Wodaje T, Alvarsson M, et al. The association of lipoprotein(a) plasma levels with 
prevalence of cardiovascular disease and metabolic control status in patients with type 1 diabetes. 
Diabetes Care 2019.This cross-sectional study in T1D demonstrated that high Lp(a) was 
associated with increased macrovascular complications and albuminuria, and that good glycemic 
control was associated with lower Lp(a) concentrations in T1D.

54. O’Donoghue ML, Fazio S, Giugliano RP, et al. Lipoprotein(a), PCSK9 inhibition, and 
cardiovascular risk. Circulation 2019; 139:1483–1492. [PubMed: 30586750] 

55 ■. Bittner VA, Szarek M, Aylward PE, et al. Effect of alirocumab on lipoprotein(a) and 
cardiovascular risk after acute coronary syndrome. J Am Coll Cardiol 2020; 75:133–144. 
[PubMed: 31948641] The yandomised controlled ODYSSEY trial examined the effect of the 
PCSK9 inhibitor alirocumab in individuals with acute coronary syndrome in the past 12 months 
on high-intensity statin therapy. Baseline participant Lp(a) and LDL-C levels predicted MACE 
and treatment with alirocumab reduced LDL-C, Lp(a), and MACE, with Lp(a) reduction 
independently contributing to MACE reduction.

56. Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/
ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the management of blood cholesterol: 
a report of the American College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. J Am Coll Cardiol 2019; 73:e285–e350. [PubMed: 30423393] 

57. Wilson DP, Jacobson TA, Jones PH, et al. Use of Lipoprotein(a) in clinical practice: a biomarker 
whose time has come. A scientific statement from the National Lipid Association. J Clin Lipidol 
2019; 13:374–392. [PubMed: 31147269] 

Tell et al. Page 11

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2020 October 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



58. American Diabetes Association. 13. Children and adolescents: standards of medical care in 
diabetes-2020. Diabetes Care 2020; 43(Suppl 1):S163–S182. [PubMed: 31862756] 

59. Donaghue KC, Marcovecchio ML, Wadwa RP, et al. ISPAD Clinical Practice Consensus 
Guidelines 2018: microvascular and macrovascular complications in children and adolescents. 
Pediatr Diabetes 2018; 19(Suppl 27):262–274. [PubMed: 30079595] 

60. de Ferranti SD, Steinberger J, Ameduri R, et al. Cardiovascular risk reduction in high-risk pediatric 
patients: a scientific statement from the American Heart Association. Circulation 2019; 139:e603–
e634. [PubMed: 30798614] 

Tell et al. Page 12

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2020 October 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



KEY POINTS

• Individuals with T1D have increased risk of CVDmorbidity and mortality, yet 

T1D-specific data on CVD risk reduction remain sparse in the literature.

• LDL-cholesterol (LDL-C) is an important predictor of cardiovascular events 

and mortality in T1D; statin, ezetimibe, and PCSK9 inhibitor therapy are 

effective in reducing LDL-C in T1D, with statin therapy currently the 

recommended first-line therapy for LDL-C lowering.

• Although HDL-C is classically increased in T1D versusthose without 

diabetes, HDL in T1D is often dysfunctional, with increased triglyceride 

enrichment as well as proteomic alterations.

• Obesity, insulin resistance, dietary composition, and physical activity are 

additional areas in need of focus in T1D to reduce dyslipidemia and CVD 

risk.
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