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Purpose of review

Atherosclerotic cardiovascular disease (ASCVD) is a leading cause of mortality in adults with type 1
diabetes (T1D). Although dyslipidaemia is a modifiable and prevalent risk factor in individuals with T1D,
determining when to initiate lipid-lowering therapy for primary prevention of ASCVD can be challenging.
In this article, recommendations for lipid-lowering therapy from updated clinical guidelines over the last

5 years, additional risk-stratification methods, hypertriglyceridaemia management and potential barriers to
optimal care in adults with T1D are discussed.

Recent findings

Low-density lipoprotein cholesterol (LDL-C) is the primary target for lipid-lowering. However, international
guidelines recommend differing approaches to ASCVD risk-stratification, lipid-lowering, and LDL-C goals in
individuals with diabetes, predominantly reflecting evidence from studies in type 2 diabetes. Despite
guideline recommendations, several studies have demonstrated that statins are underused, and LDL-C goals
are not attained by many individuals with T1D. Additional risk-stratification methods including T1D-specific
ASCVD risk calculators, coronary artery calcium scoring, and lipoprotein(a) may provide additional
information to define when to initiate lipid-lowering therapy.

Summary

Clinical trial evidence for lipid-lowering therapies in T1D is lacking, and further studies are needed to
inform best practice. Optimization and harmonization of ASCVD risk-stratification and lipid management in

individuals with T1D is required.
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Atherosclerotic cardiovascular disease (ASCVD) is a
leading cause of premature morbidity and mortality
in individuals with type 1 diabetes (T1D) [1]. Owing
to long duration of diabetes and early atheroscle-
rosis, individuals diagnosed with T1D at younger
ages are at increased ASCVD risk [2]. T1D may also be
an ASCVD risk equivalent with respect to myocar-
dial infarction [3"]. Although intensive glycaemic
control reduces ASCVD risk in T1D, significant
residual risk remains, highlighting the importance
of early ASCVD risk assessment and multifactorial
risk factor control [3",4,5%,6"]. Dyslipidaemia is a
modifiable risk factor that is prevalent and contrib-
utes to accelerated atherosclerosis in T1D. Even if
glycaemia is well controlled, qualitative changes in
lipoproteins that are potentially atherogenic can
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occut, such as smaller and denser low-density lip-
oprotein (LDL) and dysfunctional high-density lip-
oprotein (HDL) particles [7"]. Poor glycaemic
control can result in increased LDL-cholesterol
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Lipids

KEY POINTS

o International guidelines provide varying
recommendations for low-density lipoprotein cholesterol
goals and thresholds for lipid-lowering therapy in
individuals with type 1 diabetes.

o Further clarity on when to initiate lipidlowering therapy
in younger adults with type 1 diabetes without vascular
complications is required.

o Clinical trial evidence for lipid-lowering therapies in
type 1 diabetes is lacking, thus best practice guidelines
are often based off evidence from studies in type
2 diabefes.

o Additional risk-stratification approaches including
coronary artery calcium score and lipoprotein(a)
may be considered to personalize vascular
risk assessment.

e Optimising and promoting the use of cardiovascular
risk calculators formulated for individuals with type 1
diabetes is required.

(LDL-C), triglycerides and non-HDL-cholesterol
(non-HDL-C) [8]. Dyslipidaemia can also be exacer-
bated by concurrent obesity, insulin resistance, and
nephropathy, which can increase triglyceride-rich
lipoproteins [9,10].

Despite the plasma lipid and lipoprotein alter-
ations and increased ASCVD risk associated with
T1D, lipid-lowering therapies remain underused
and LDL-C goals are often not attained [11-13].
This may be because determining when to initiate
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase inhibitors (statins) for primary pre-
vention is challenging, especially in the young with
T1D without vascular complications. Here, we sum-
marize recommendations for statin use from
updated guidelines over the last S years, discuss
select risk-stratification methods to consider given
that risk-stratification is the prelude to lipid man-
agement, briefly review hypertriglyceridaemia man-
agement, and consider barriers to optimal care in
adults with T1D.

Statins are the cornerstone lipid-lowering agent for
reducing ASCVD risk. Recommendations from select
guidelines for initiating statin therapy in T1D are
summarized in Table 1 [14"%,15"%,16-18]. These
guidelines recommend statins in at-risk groups or
for reducing LDL-C, non-HDL-C and/or apolipopro-
tein B levels to certain goals depending on risk
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categories, which often requires lipid-lowering thera-
pies. Lifestyle modifications, a heart-healthy diet,
glycaemic control and exclusion of secondary causes
of dyslipidaemia are fundamental but may be insuf-
ficient to mitigate ASCVD risk. Individualized diabe-
tes-specific medical nutrition therapy provided by
dietitiansis recommended, with carbohydrate count-
ing and insulin dose adjustment being a common
approach in T1D [19]. Very-low carbohydrate diets
have gained popularity because of lay media as it can
reduce hyperglycaemia; however, such diets have not
been extensively studied in T1D and may increase the
risk of ketoacidosis, hypoglycaemia and atherogenic
dyslipidaemia [20]. Marked elevations in LDL-C can
occur with low-carbohydrate ketogenic diets in indi-
viduals with T1D, thus education should be provided
inregards toreplacing saturated fats with unsaturated
fat, especially polyunsaturated fat, and the lipid pro-
file should be closely monitored in such individuals
[20,21].

Despite differences in pathophysiology between
T1D and type 2 diabetes (T2D), guidelines often
suggest a similar approach to reducing LDL-C (the
primary lipid target) in both, and the two are often
not separated, highlighting a lack of evidence to
guide management [14"]. Observational data sug-
gests that LDL-Cis a predictor of ASCVD in T1D, and
that reducing LDL-C is associated with reduced
ASCVD risk [1,22,23]. Whilst there are no T1D-spe-
cific statin trials, a meta-analysis of randomised
trials by the Cholesterol Treatment Trialists’ Collab-
oration demonstrated that statins safely reduce
ASCVD risk in 18 686 individuals with diabetes for
primary and secondary prevention [24]. Although
only 1466 individuals had T1D and ASCVD event
rates were too small to be definitive, the reduction
in events was found to be similar to that with T2D
[24].

Ezetimibe and proprotein convertase subtilisin-
kexin type 9 monoclonal antibodies (e.g. evolocu-
mab and alirocumab) are recommended by guide-
lines in the high-risk or very high-risk as add-on
therapies to statins if further lipid-lowering is
required to attain LDL-C goals, or if LDL-C is above
the threshold for adding these therapies (Table 1)
[14™,15"%,16-18]. Although landmark trials for
ezetimibe (IMPROVE-IT), evolocumab (FOURIER)
and alirocumab (ODYSSEY OUTCOMES) enrolled
individuals with diabetes, this was predominantly
T2D [25-27]. In the FOURIER trial, 27 564 partic-
ipants were studied, of who 11031 (40.0%) had
diabetes and 286 had T1D [28]. In the ODYSSEY
OUTCOMES trial, 18 924 participants were studied,
of who 5444 (28.8%) had diabetes and 37 had T1D
[29]. Thus, trial evidence for these therapies in T1D
is lacking.

Volume 30 o Number 2 o April 2023

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.



dults with T1D Lan et dl.

ies in a

Lipid-lowering therap

a|qooiddo joN|

Ip/Bw s> gody
(IP/Bwog) |/joww i g> D-IQH-UON

(Ip/BwooL) I/loww9z> a1
:s|0ob Buimol|o) sy yim peypoipul oq Abw uypig

Ip/Bupg> gody
(Ip/BwoQl) |/joww 9 Z> D1QHUON

(Ip/Bwoy) |/joww g | > DQ1
:s|poB Buimoj|o) ey yim pejooipul oq Abw uypig

Ip/Bw /> gody
(p/Bwog) |/joww | *Z> D-IQH-UON
(p/BwGg) |/joww i | > 5Q1

:s|00B BuIMO||0} Y4 Yim pajodipul S| UYDIg

(Ip/Bwo01) |/joww 9°Z> >IQHUON
1/608°0> gody
(Ip/Bui £2) |/1oww0z> >1Q1

:s|00B BUIMO||0} Y4 Yim pajodIpul S| UYDIS

(IP/BwOL) |/|oww 9°Z> DIQH-UON
I/808°0> gody
(Ip/Buw £/) |/joww 0°Z> D1Q1

:5|0ob BuIMO||0) 8y} Yim pajpdIpul I ulD)S

(Ip/BwO1) |/|oww 9'Z> D-IQH-UON
I/808°0> gody
(Ip/Bw £2) I/joww o z> D11

”m_com mc_\so__o* SY} YHM pajodlpul SI UDIS

(Ip/Bur g6) |/joww y°Z> >1QHUON

1/60£ 0> gody

uoonpal 9%0G< pup (|p/Buoy) |/jloww g > >d1
:5|00B BuIMO||0) By} Yim pajpdIpul SI UlDIS
ULDJS BJDIUL O} B|qPUOSDBY

uipjs Ayisusjul-ajpiapoyy

uyois Ajisuajui-ybip

%0S< Aq D17 92npad O} 8qIWNSZS PPy
uiols Aysusju-ybiy

st yBiy Asea puo (jp/Bwigy) |/joww g | < D1dT §! 6XSDd ©F
Apoquup [puojoouow 1o ({SOd JaMO| jo asnpdaq _umtmmm:& aqlweza ppy
uljojs b_mcw,,c_.;m_I

v_w_‘_.\,>0_ Pup sL-8joIspowy

$10J0D} sl JADSY Jayjo ou pup sajeqoiq
ysu-ybiy

Jojony ¥jsil ADSY [PUOHIPPD pub sajagpI(
ys1-yBiy Asep

dADSY pup ssjeqpld

v_w_\_.wc_w\:Xm

SSP3SIP ID|NOSDACIOIW puUb s8feqpIq

sipak
G| < uoupbinp sajagpIp Yim sipsk 0g< 9Bp pup sejeqpiq

sinak Q< 9bo pup sejegpIq

dADSY pup sejeqpld

510120 sl JADSY Yim si0ak 4=z 8Bo puo sejeqoiq
x$IDak G /-0 b pup sejeqoiq

(si0ehk 0z-0G 9bp
10 siojopy s GADSY [dujnw B8 ysu Jeybiy puo sejeqoiq

%0Z< AsH QADSY 0o | pup sajeqoiq

dADSY pup seeqolq

0207 ABojouldopug jo abs|j0D
ubdLBWY pub sisiBojouroopuy
[P21UI]D) JO UOHDIDOSSY UDDLIBWY

KAV
AJ9120G ID|NDSDAOIPIDY) UDIPOUDY)

(44014

UoBId0oSSYy mw._.wﬂ_o_ﬂ upolBwWY

SUOHDPUAWIWOdBI Judwipal]

K10B9ypd isiy

suijeping

sauljepInb |ouoypuIBiUI USRI UO PasD] sBIRAPIP | 8dA} YiIM SHNPD Ul 8SN UYD)S JOj SUOHDPUSWWOD3 JO AIDWWING *| 3|qpL

105

www.co-endocrinology.com

1752-296X Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.



ipids

L

"Adpisy} uyojs pajpia|o} Ajjowixpw

Bunyoy ejiym sipek Z uiyiim jusrs gADSY puodes b eoustiedxe oym sjusynd ul pasepisuod aq Apbw sjoob |p/Bw o> gody pup (p/Bw(/>) |/joww g | upyi sso| DJH-uou ‘(|p/Bw Oy>) |/joww O | upyi ss9| 2Iay,
‘suolyipuod ysi-yBiy sjdunw ym jusae gADSY Jolbw suo o sjusae GADSY e|dujnw jo Alojsiy b so pauyep st ysu ybiy Aisp,

"6’ UDY} SS9 XOpUl [DIYoDIq-8]{uD

10 Aypodounau ‘Ayjodouyal ‘' w g/ | /ull/|w g Uby) ss3| 8401 uolo|y JojnIewo|B pajouse ‘(sutuyoaid Bui/uiwng|o jo 61 0g<) punulwngp ‘(g | Joj s10ak Oz <) uonoinp sajeqolp Buol spnjoul sioppy Buidubyue-ysty,
‘Aypodounau Jo Ayjodounes ‘(pLnuiwngposdiw) Aypdoiydeu so pauyep st eBowop upBio jebio],

“uolpjop| pup AdupuBeid ur PajPOIPUIDLUCD BID SUNDIS,

"SYSH PUD SjyaUSq JO UOISSNIsIP oy AdDIay UlDS @NUKUOD JO BjPLIUL O} B|qPUOSDal g ADW i ‘si0ek G/ upy} Japjo pabo sipnpiAlpul |,

‘sejeqpip | odA}

‘1l ‘6 @dA4 uixey/uisiugns asppaauod ulgjoidoid ‘gygDd ‘[olsisejoyd ulejoidodi) Ajisusp-mol ‘DT ‘[oseisajoyd urejoudodi Alisusp-ybiy ‘D-JgH ‘@spasip JDjNdSPAOIPIDD dHoIS|IsOIBYID ‘JADSY ‘g utejoidodijodp ‘gody

ulypls Alisusjul-ajpISpOW ISPISUOD)
uiojs Ayisusjul-ajoIapowy

%0§< A9 D1Q1 82npal o} eqiwleze ppy
%06 < Aq D11 @2npal o} Buiwio uypis Asusjur-ybipy

B ~ lp/Bwoot)
|/|owWw 9Z< DaHuou Jo (jp/Buigy) |/joww g [ < DT PUP st
ybiy A1eA §1 eqiuiieze puD UYDIS Of EMGDJ OF APOqHUD [DUOPOUOW PPY
(Ip/Bwoy) |/joww g | < D11 PuP st ybiy Asea §i eqiuyeze ppy
%06 < Aq D-1q1 @>npal o} Buiwio uyps Asusjur-ybiy
8|qoo1jddo joN|

|p/BwoQ|> gody
(Ip/Bwog 1) |/jowwy g> DTQHUON

(Ip/Bwool) |/joww 9 z> D1a1
:s|0ob Buimol|o) 8y} yim pajpoipul 8q Abw uypig

Ip/6w0g> gody

(IP/BwoOL) I/1oWw 9Z> D-1AHUON

uoleNpal %,06< pup (|p/Bwoy) |/joww g |> 51d1
:s|poB Buimoj|o) ey yim pajooipul aq Abw uypig

Ip/Bw G9> gody
_(p/Bwgg) |/jowwz z> D1AHUON
uoyonpal %,0G< pup (jp/Bw Gg) |/jowwy 1> >1q1

”m_oom Buimoj|oj 8y} yim pejpoipul si ULDIS

pl0120§ BuldUDyURyslI D Yiiam s10ak -z 960 pup sejeqoiq
sipak G/-Oy oBp pup sejeqpiq

%0T< s
AADSY 1094-Q | 1o siopopy Jsi GADSY 9|dujnw pup sajeqoi(

dADSY pup sejeqplg
ASL-MO]

$10J0D) sl JADSY Jayjo ou puo
sIDak (| > uoypinp sajeqPIP Yim sinsh gg> obb pup q| |

v_w_\_.whcy_w_uoz

$10§0DJ s JADSY [PUOHIPPD pup sajeqpiq

uolpINp SIDaA ()| < UOHDINP SSICPIP YHM sajagpiq
ysu-ybiy

sIDeA )< uouDINP s8jegPIP PUP ||

$10jobj sl JADSY €< YHM sejeqpi

,ebpwpp unbio Jebin; Yim sejeqoiq

AADSY pup ssjeqpiq
ysu-yBiy Assp

8107 AbBojoipin)
*O mmw__OU COUC®E<
_UCO :O:EUOww{ tO@I :Du_‘_wE{

6102 Ai100g
sIsoJa|osoayly upadoing puo
ABojoipin) jo Ale1oog upedoiny

suolbpusaWIWOd3J juswipaa]

Kiob6aypd dysiy

auijeping

(ponuyuo)) | alqpL

Volume 30 o Number 2 o April 2023

www.co-endocrinology.com

106

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.



In individuals with T1D and established ASCVD, the
decision to start lipid-lowering therapy is relatively
straightforward. However, in individuals with T1D
and without clinical ASCVD, the decision to start
statin therapy for primary prevention relies on risk-
stratification, with the optimal age of initiation
being uncertain. ASCVD risk categories (often based
on age, other risk factors, duration of diabetes and
complications) and LDL-C goals differ according to
guideline, as seen in Table 1. Guideline recommen-
dations for risk-stratification in T1D are also similar
to that for T2D [14™,15"",16-18]. The presence of
microvascular disease (i.e. nephropathy, retinop-
athy and neuropathy) identifies individuals at
higher ASCVD risk and the American College of
Cardiology (ACC) and American Heart Association
(AHA) 2018 guidelines include these as ‘risk-enhanc-
ing factors’ (Table 1 footnote), which can help
determine whether lipid-lowering therapy should
be initiated or intensified [18]. Importantly, the
presence of albuminuria, a marker of nephropathy,
has been shown to be a significant predictor of
adverse outcomes in individuals with T1D, with
an associated two to four times greater risk of ASCVD
complications and mortality [23,30]. Studies also
suggest that individuals with T1D without nephr-
opathy may have similar long-term survival to the
general population [31]. Furthermore, although
guidelines now recognize T1D duration as a risk-
enhancer, age at diagnosis is still not considered
[2,157,16,18].

Whilst T1D is often considered a high-risk con-
dition for ASCVD, it is a heterogenous condition
where some individuals, especially the young, could
be at moderate or even low ASCVD risk [16,17,32].
Nonetheless, some guidelines do not ever consider
individuals with diabetes to be low risk or moderate
risk [16,33]. Primary prevention calculators for the
general population require further validation in
individuals with T1D, as diabetes-specific factors
such as duration of diabetes, diabetes type, glycae-
mic control, urinary albumin and microvascular
disease are not all considered. Importantly, renal
complications have a marked impact on cardiovas-
cular mortality in people with T1D as previously
mentioned [3"]. Mode of insulin delivery in T1D is
also not considered, although insulin pump therapy
has been associated with lower ASCVD risk com-
pared with multiple daily insulin injections [34].
Furthermore, patterns and trajectory of glycaemic
control may impact ASCVD risk, which is not cap-
tured by risk-stratification methods using single
glycaemic measures [35%]. Sex is also a risk-modifier,
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as women with T1D have lower burden of risk
factors but do not have lower ASCVD event burden
than men with T1D [36""].

T1D-specific risk calculators have, therefore,
been developed but require further validation stud-
ies. Examples include the Steno Type 1 Risk Engine
(www.sdcc.dk/T1riskengine) and QRISK3 (https://
grisk.org/three) for estimating 10-year ASCVD risk
[37,38]. Although some individuals may be consid-
ered very high-risk by some guidelines, they may be
at low 10-year ASCVD risk (<10%) according to the
Steno Type 1 Risk Engine and QRISK3 calculators
[16,17,37,38]. However, while 10-year ASCVD risk
may be low in young individuals with T1D, their
lifetime risk may be high. Contemporary ASCVD
rates in T1D across two countries generated a risk
predication model that demonstrated current guid-
ance likely overestimates 10-year ASCVD risk in
younger age groups, nonetheless statin therapy
may still be indicated because of high lifetime risk
[39,40™]. As there is discordance, additional risk-
stratification methods may be required to help
determine need for statin therapy [32,41"].

The coronary artery calcium (CAC) score can be used
to personalize ASCVD risk-stratification in asympto-
matic individuals, by providing a measure of athero-
sclerosis using noncontrast computed tomography
(CT) [42,43""]. Increasing CAC is associated with
increasing ASCVDriskinindividualswith T1D, whilst
zero scores are associated with low 10-year risk [42].
However, the scan does not detect noncalcified
plaque, requires radiation and adds costs. The CAC
score can help decide whether to initiate or intensify
preventive therapies, such as statins [43""]. In general,
CAC scores at least 100 Agatston units (AU) or at least
75th percentile for age, sex and race would classify
individuals as high-risk, thus favouring statin
[15%%,16,18,43"]. On the contrary, a score of 0 AU
would stratify individuals as low-risk, thus avoiding
statin in the short-term [15"%,16,18,43"].

In individuals with T2D aged 40-75 years, statin
therapy may be indicated regardless of CAC score,
because of statin trials showing benefit in this age
group [43""]. Whether this applies to individuals with
T1D remains unclear, thus the recent National Lipid
Association (NLA) 2021 guidelines state that CAC
scoringmaybereasonablein T1D and age 40-75 years
to refine risk assessment [43""]. The guideline also
recommends that CAC scoring can be considered in
individuals with T1D and age 30-39 years with dia-
betes duration atleast 20 years and ASCVDrisk factors
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to aid in risk-stratification and statin use [43""]. In
individuals with diabetesand a CACscoreof 0 AU, itis
recommended that the scan be repeated in 3 years,
rather than 5 years, because of the high-risk nature of
diabetes [43™"].

Lipoprotein(a) [Lp(a)] is a predominantly genet-
ically determined LDL-like particle with an apolipo-
protein B covalently linked to apolipoprotein(a)
[apo(a)] and is considered a causal risk factor for
ASCVD and calcific aortic valve stenosis [44,45,
46™]. An Lp(a) level at least 50mg/dl (or
>125nmol/l) is considered a risk-enhancing factor,
which can reclassify individuals into higher ASCVD
risk categories [15™%,18,44,45]. The ASCVD risk asso-
ciated with Lp(a) is modulated by high-sensitivity C-
reactive protein (hsCRP) (also considered a risk-
enhancing factor), whereby Lp(a) is significantly
associated with ASCVD events only in individuals
with elevated hsCRP (>2mg/l) according to some
recent studies [47,48""]. However, in T1D, there is
also an association between good glycaemic control
and lower Lp(a) levels, suggesting that insulin may
affect apo(a) synthesis [49]. Despite this, Lp(a)
remains a significant predictor of ASCVD in T1D
[49]. Whilst ASCVD outcome trials for Lp(a)-low-
ering therapies are ongoing [such as molecular
therapies targeting apo(a) production], manage-
ment of elevated Lp(a) remains intensive risk factor
control and statin therapy [44,435].

[t is recommended that Lp(a) be measured using
an apo(a) isoform independent assay [44,45,46™].
Repeated measurements over time may not be nec-
essary as Lp(a) molar concentrations are generally
stable over a lifetime in the absence of Lp(a)-low-
ering therapies, and modest changes in Lp(a) level
do not significantly change ASCVD risk [50%]. For-
mal cascade screening for elevated Lp(a) is not yet
well established and genetic testing for Lp(a) single
nucleotide polymorphisms is not currently recom-
mended for clinical practice [44,45]. Testing of Lp(a)
in youth is controversial because of the absence of
targeted therapies and potential for emotional
harm, but on the other hand may lead to the oppor-
tunity to emphasize early and lifelong adoption of
heart-healthy lifestyles, which may be of particular
benefit in individuals with T1D [45,51*"]. Echocar-
diography to screen for aortic valve stenosis is not
discussed in Lp(a) or valvular heat disease guidelines
[44,45,52,53]. However, noncontrast cardiac CT
imaging may be a promising method to screen for
early aortic valve calcification [54]. Although oes-
trogen can reduce Lp(a), oestrogen also increases the
risk of ASCVD and venous thrombosis [51"%,55,56].
If statins are used and contraceptives are required in
female individuals, barrier methods or progester-
one-only methods (e.g. intrauterine device,
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subdermal implant or progesterone pill) should be
considered, but this decision must be individual-
ized, noting that Lp(a) is no longer considered a risk
factor for venous thromboembolism [46™,57].

Utilizing both CAC score and Lp(a) concurrently
may be useful for risk-stratification in the primary
prevention setting; however, the evidence for indi-
viduals with T1D is not well established [58*]. Indi-
viduals with both a high CAC score (>100 AU) and
elevated Lp(a) (>50mg/dl) are at higher ASCVD risk
than those with a high CAC score but without
elevated Lp(a) [58™]. Importantly, the 10-year
ASCVD risk for concurrently high CAC score and
elevated Lp(a) may be similar to that for the secon-
dary prevention population [58™]. When the CAC
score is less than 100 AU, ASCVD risk may be similar
between those with and without elevated Lp(a)
[58™]. However, 10-year ASCVD risk is likely to be
low with CAC scores of zero, regardless of whether or
not Lp(a) is elevated [S8™].

In well controlled T1D, the lipid profile may appear
normal or ‘supernormal’, characterized by low tri-
glycerides and elevated HDL-C, because of subcuta-
neous administration of insulin, which upregulates
lipoprotein lipase activity [7%,59]. However, smaller
and denser LDL particles, which are atherogenic, or
dystunctional HDL particles may be present, but are
not reflected in the standard lipid profile test [7%,59].
Larger HDL particle size and lower particle numbers
have been observed in T1D, but whether impaired
HDL function and changes in the HDL proteome is
causally linked to premature ASCVD remains inde-
terminant [7%]. On the other hand, elevated trigly-
cerides and low HDL-C can occur in poorly
controlled T1D, and dyslipidaemia can be exacer-
bated by concurrent nephropathy, obesity and insu-
lin resistance (that is, ‘double diabetes’) [7%,59]. In
this setting, ASCVD risk associated with remnant
lipoproteins (that is, triglyceride-rich particles) can
be assessed with apolipoprotein B (apoB) or non-
HDL-C, which also have guideline-recommended
treatment goals (see Table 1) [15™,16-17].

ApoB has been shown to be a predictor of
ASCVD and all-cause mortality in individuals with
T1D [60]. Furthermore, one study showed that in
individuals with T1D, the presence of both elevated
non-HDL-C and apoB is associated with greater
progression of coronary atherosclerosis than ele-
vated apoB alone [61]. In a study of lipid variables
in individuals with T1D, the apoB/apolipoprotein Al
ratio was the strongest predictor of incident coro-
nary artery disease events in those who were
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normoalbuminuric, whilst apoB was the strongest
predictor in those with macroalbuminuria [62].
However, the use of apoB and non-HDL-C for
ASCVD risk-stratification in T1D is not well estab-
lished, as data are limited [61-63,64"]. Whilst hyper-
triglyceridaemia has also been associated with
increased ASCVD risk in T1D, there is a lack of
studies to inform management [65].

If an individual with T1D has persistent hyper-
triglyceridaemia, it is important to optimize glycae-
mic control, manage secondary causes oOr
exacerbating factors, and implement lifestyle modi-
fications such as healthy diets, increased physical
activity, weight loss and moderation of alcohol
intake. Statins remain the first-line lipid-lowering
agents forreducing ASCVDriskin hypertriglyceridae-
mia [66™]. Triglyceride-lowering agents that are avail-
able include fibrates, omega-3 fatty acids and niacin;
however, there is little cardiovascular outcome trial
data for these agents in individuals with T1D. The
recently published PROMINENT trial demonstrated
that pemafibrate did not reduce ASCVD events com-
pared with placebo in individuals with T2D, mild-
moderate hypertriglyceridemia, low HDL-C level,
and well controlled LDL-C level, thereby providing
further evidence for the lack of ASCVD benefits of
fibrates in residual hypertriglyceridemia [67*%]. How-
ever, addition of icosapent ethyl, a highly purified
ethyl ester of eicosapentaenoic acid, to statin therapy
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is now recommended for ASCVD risk reduction in
T2D and hypertriglyceridaemia, owing to the results
of the REDUCE-IT trial [14™,15%,16-18,66"]. Of
note, of 8179 participants in the REDUCE-IT trial,
only 57 had T1D. This again highlights the lack of
clinical trial evidence in T1D [68].

In the absence of evidence, and despite differ-
ences in underlying pathophysiology, hypertrigly-
ceridaemia management in individuals with T1D
generally continues to follow that for T2D. Recom-
mendations from the ACC 2021 pathway for persis-
tent hypertriglyceridaemia are shown in Table 2,
where an LDL-C based approach to lipid-lowering
is recommended for reducing ASCVD risk [66™]. It
must be noted that these guidelines could be applied
to individual with T1D, but the evidence is not
established. Fibrates are not recommended by the
guideline for ASCVD risk reduction because of the
lack of strong evidence but continue to play arole in
preventing pancreatitis in severe hypertriglyceride-
mia [66™"]. In addition, according to a recent meta-
analysis of large cardiovascular outcome trials,
fibrates (specifically fenofibrate) may have a role
in reducing the progression of diabetic retinopathy
and need for laser treatment, a benefit not seen with
statins [69%]. There are ongoing trials of fibrates in
reducing retinopathy in individuals with diabetes,
including T1D (NCT01320345, NCT03439345,
NCT04661358).

Table 2. Summary of recommendations for hypertriglyceridaemia management and cardiovascular risk reduction in adults

with diabetes based on the American College of Cardiology guidelines

Risk category Triglyceride levels®

Initial management

Persistent hypertriglyceridaemia®

Diabetes and
ASCVD

Fasting TG >1.7 mmol/I (150 mg/dl) or
nonfasting TG >2.0mmol/| (175 mg/dl)
and TG <5.6 mmol/I (500 mg/dl)

Evaluate and manage
secondary causes

Optimize glycaemic control

Optimize diet and lifestyle

Guideline-directed statin therapy
to reduce ASCVD risk

Monitor response and
adherence to therapy

Conduct clinician-patient

LDL-C <1.8 mmol/I (70 mg/dl)
Consider icosapent ethyl

LDL-C 1.8-2.5 mmol/L (70-99 mg/dL)
TG risk-based (icosapent ethyl may be
considered) or LDL-C risk-based or
combined approach

LDL-C >2.6 mmol/I (100 mg/dlL)
Optimize statin therapy and consider
nonstatin therapy to reduce LDL-C

discussion

Diabetes and age Fasting TG >1.7 mmol/l (150 mg/dl) or
>40 years with  nonfasting TG >2.0mmol/| (175 mg/dl)
no ASCVD and TG <5.6 mmol/I (500 mg/d|)

Diabetes and age Fasting TG >1.7 mmol/l (150 mg/dl) or
20-39 years nonfasting TG >2.0mmol/I (175 mg/dl)
and TG <5.6 mmol/I (500 mg/d|)

As per above

Age <50 years or >50 years with no
additional ASCVD risk-enhancing
factors
Continue LDL-C risk-based approach

Age >50 years with additional ASCVD
risk factors
Consider icosapent ethyl

No management algorithm provided by guideline

ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides.
“Pathway for management of severe hypertriglyceridaemia (triglycerides >5.6 mmol/I or >500 mg/dl) not included in table.
bPersistent hypertriglyceridaemia defined as fasting triglycerides 1.7-5.6 mmol/I (150-500 mg/dl) following 4-12weeks of lifestyle modifications.
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Despite the importance of lipid-lowering for reducing
ASCVD risk, dyslipidaemia remains under-recog-
nized and under-treated, particularly in individuals
with T1D who have not developed vascular compli-
cations [12,41%,70-72]. Reasons for suboptimal lipid
managementinindividuals with T1D are likely multi-
factorial, relating to clinicians, patients and health-
care funding models that do not prioritize prevention
or chronic care. Statin underutilization may occur
because of concerns of side-effects, polypharmacy
and medication costs. However, statins are well tol-
erated and adverse effects were rare in randomized
trials [73]. T1D is considered a risk factor for statin-
associated muscle symptoms [74"]. However, in the
AdDIT study, a randomized trial of angiotensin-con-
verting enzymes and statins in adolescents with T1D,
muscle symptoms were only reported by one of the
443 participants [75]. Clinician uncertainty around
indications for lipid-lowering therapy because of
numerous treatment guidelines with varying recom-
mendations, lack of T1D-specific trial evidence for
lipid-lowering therapies, as well as a limited under-
standing of 10-year versus lifetime ASCVD risk may
affect utilization of lipid-lowering therapy [41"].
Clinicians may also be reluctant to prescribe statins
in T1D during child-bearing ages, as statins are
contraindicated in pregnancy and in women plan-
ning pregnancy because of risk of foetal malforma-
tion. Studies also show that women with T1D tend
to receive fewer preventive therapies than men
with T1D [36™].

Furthermore, the consultation for T1D already
must consider many aspects including intensive
insulin therapy, diabetes-related technology, other
ASCVD risk factors, screening for microvascular
complications, and behavioural self-care, which
can be challenging because of the time-constraints
of abusy clinic [19]. Adherence to medications other
than insulin may present a barrier, particularly dur-
ing adolescence [76]. Dyslipidaemia has no symp-
toms and the risk of ASCVD seems distant [77]. As
glycaemic control and lifestyle modifications also
improve lipid profiles in T1D, ongoing efforts to
address these initially might be prioritized over
statin use. Additionally, increased ASCVD risk
may not be evident in well controlled T1D when
the lipid profile is ‘supernormal’. This may be incor-
rectly considered cardioprotective, thus leading to
underutilization of preventive measures.

Lowering LDL-C is important for reducing ASCVD
risk but deciding when to initiate statin therapy
remains challenging in T1D. Recent international

110 www.co-endocrinology.com

guidelines provide differing recommendations for
risk-stratification, thresholds for statin use and LDL-
C goals in individuals with T1D, based predomi-
nantly on evidence from trials in T2D. ASCVD risk
calculators formulated for individuals with T1D are
available, but more evidence is needed. The pres-
ence of factors such as microvascular disease (espe-
cially nephropathy and albuminuria) and duration
of diabetes are strong predictors of ASCVD; however,
additional risk-stratification approaches including
the CAC score and lipoprotein(a) can be considered
to personalize ASCVD risk assessment. Barriers to
optimal care should be identified and addressed,
especially in young individuals with T1D who
may be undertreated. Lipid care in T1D needs to
be harmonized. In the meantime, guideline recom-
mendations should inform clinical judgement and
be tailored to the individual.
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