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Summary

Summary

Type 1 diabetes mellitus (T1DM) remains a serious chronic disorder with
an estimated life expectancy loss of about 11 years in men and 13 years in
women, mainly due to cardiovascular disease (CVD). Conventional CVD risk
scores, developed from the general population and people with type 2 diabetes,
clearly underestimate CVD risk in T1DM. The Steno Type 1 Risk Engine (ST1RE)
is the only available tool for estimating 10-year CVD risk among subjects with
T1DM and no previous CVD. Although it has shown an excellent discriminative
ability to predict CVD events, it is not currently used in routine clinical practice.
Hence, there is the need to develop novel and easy-to-use tools in order to
improve cardiovascular risk stratification in T1DM.

Firstly, the term double diabetes has been used to refer to individuals with
T1DM and insulin resistance, a condition associated with an increased
cardiovascular risk. The first study aimed to explore the potential role of estimated
insulin sensitivity (elS) for predicting 10-year CVD risk in adults with T1DM
according to the ST1RE score. One-hundred and seventy-nine adults with T1DM
and without CVD were evaluated. Two different equations for quantifying elS,
developed and validated against euglycemic-hyperinsulinemic clamp technique,
were used (elS developed from the Epidemiology of Diabetes Complications
Study —elS-EDC—, elS developed from the Coronary Artery Calcification in T1DM
Study —elS-CACTI-). The present study showed that both elS-EDC and elS-
CACTI correlated negatively with the ST1RE score. Nevertheless, the correlation
was higher when using the elS-EDC compared with the elS-CACTI and was even
maintained after adjusting for traditional cardiovascular risk factors. In addition,
the elS-EDC performed better than the elS-CACTI for estimating 10-year CVD
risk, making its cut-off points superior for detecting subjects at the highest risk.

Secondly, the prevalence of silent myocardial ischemia (SMI) in subjects
with T1DM range between 12-62% being its predictive value for cardiovascular
events well demonstrated. Therefore, early identification of SMI is essential. The
second study aimed to evaluate the prevalence of SMI assessed by stress
myocardial perfusion gated SPECT and to develop a risk estimation model for
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Summary

predicting SMI in a subgroup of 84 subjects with T1DM of at least 10 years
duration and no previous CVD. The results showed a relative high prevalence of
SMI (11.9%). The study provided the first risk estimation model ever developed
for predicting SMI in T1DM, where elS-EDC and active smoking were the main
factors associated with SMI. Additionally, this model significantly enhanced the
discriminative ability to detect SMI compared with current risk estimation models
for predicting clinical CVD.

Finally, arterial stiffness (AS) is an early indicator of arteriosclerosis and
predicts cardiovascular events independently of classical cardiovascular risk
factors. However, prospective studies assessing its prognostic value in T1DM are
lacking. Against this background, the third study aimed to assess the relationship
between the ST1RE and AS in the same cohort of adults with T1DM included in
the first study. Moreover, the study sought to select cut-off points of interest in
clinical practice that could clearly identify subjects at the highest CVD risk. AS
was measured by aortic pulse wave velocity (aPWV). The main finding of the
present study was that aPWV was highly correlated with the scores obtained from
the ST1RE. Furthermore, aPWV had an excellent discriminative ability to predict
CVD risk. Finally, the study identified potential cut-off points that could clearly
discriminate moderate/high- and high-risk subjects with T1DM.
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Resum

Resum

La diabetis mellitus tipus 1 (DM1) s’associa a una reduccié de I'esperanga
de vida d’11 anys en homes i 13 anys en dones, i la malaltia cardiovascular
(MCV) n’és la principal responsable. Els models de prediccio del risc de MCV
convencionals, derivats a partir de poblacio general i amb diabetis mellitus tipus
2, subestimen el risc de MCV a la DM1. L’Steno Type 1 Risk Engine (ST1RE)
constitueix I'unic model de prediccié del risc de MCV a 10 anys en persones amb
DM1 i sense MCV previa. Tot i que aquest presenta una capacitat de prediccio
d’esdeveniments cardiovasculars excel-lent, el seu us no ha estat ampliament
incorporat a la practica clinica. Aixi doncs, és necessari desenvolupar estratégies
noves i simples per millorar I'estratificacié del risc cardiovascular a la DM1.

Primerament, el terme diabetis doble s’utilitza per referir-se a les persones
amb DM1 i resistencia a la insulina, condici6 associada amb un risc
cardiovascular incrementat. El primer estudi es va centrar en avaluar el paper de
la sensibilitat a la insulina estimada (Sle) en la prediccio del risc de MCV a 10
anys en persones amb DM1 segons I'ST1RE. Es van incloure 179 adults amb
DM1 sense MCV. La Sle es va obtenir mitjangant dues equacions
desenvolupades i validades amb la técnica del clamp euglucémic-
hiperinsulinémic (Sle desenvolupada a partir de l'estudi Epidemiology of
Diabetes Complications —Sle-EDC-, Sle desenvolupada a partir de l'estudi
Coronary Artery Calcification in TIDM —Sle-CACTI-). En el present estudi, la
Sle-EDC i la Sle-CACT]I es van correlacionar de forma negativa amb I'estimacio
de risc segons I'ST1RE. Malgrat aix0, la correlacio va ser superior amb I'us de la
Sle-EDC i es va mantenir significativa després d’ajustar per als factors de risc
cardiovascular classics. Addicionalment, comparat amb la Sle-CACTI, la
Sle-EDC va presentar una capacitat de prediccié del risc de MCV superior, de
manera que els punts de tall van resultar més utils per identificar les persones

amb un risc més elevat.

En segon lloc, la prevalenga d’'isquémia miocardiaca silent (IMS) en DM1
oscil-la entre el 12-62% i es considera un predictor d’esdeveniments
cardiovasculars. Aixi doncs, la seva identificacio precog és primordial. El segon
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estudi es va basar en estudiar la prevalenca d’'IMS avaluada mitjangant SPECT
de perfusié miocardiaca d’estrés i elaborar un model d’estimacio del risc d'IMS
en un subgrup de 84 persones amb DM1 de > 10 anys d’evolucié i sense MCV
prévia. En el present estudi, la prevalenca d'IMS va ser relativament elevada
(11,9%). Es va proporcionar el primer model d’estimacié del risc d'IMS en DM1,
on la Sle-EDC i el tabaquisme actiu van resultar els seus principals factors
associats. Addicionalment, el model va millorar la capacitat de discriminacio per
a la deteccié d'IMS comparat amb els models d’estimacié del risc de MCV clinica

existents.

Finalment, la rigidesa arterial (RA) es considera un signe precog
d’arteriosclerosi i un predictor independent d’esdeveniments cardiovasculars.
Tanmateix, no existeixen estudis que avaluin el seu valor pronostic en DM1. El
tercer estudi es va centrar en avaluar I'associacié entre 'STTRE i la RA en la
mateixa cohort d’adults amb DM1 inclosos en el primer estudi, com també
establir punts de tall utils per identificar les persones amb un risc de MCV meés
elevat. La RA es va mesurar mitjangant la velocitat d’ona de pols aodrtica (VOPa).
Es va observar una elevada correlacio entre la VOPa i I'estimacié del risc de
MCV segons I'STT1RE. Alhora, la VOPa va presentar una capacitat de prediccio
del risc de MCV excel-lent. En darrer lloc, es van establir punts de tall que van
permetre identificar les persones amb DM1 amb un risc moderat/alt i alt.
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1. Introduccid

1. Introduccio
1.1. Diabetis mellitus tipus 1 i malaltia cardiovascular

1.1.1. Epidemiologia

La diabetis mellitus tipus 1 (DM1) representa entre el 5-10% de tots els
casos de diabetis i es caracteritza per un déficit d’'insulina com a consequéencia
de la destruccio de les cél-lules B pancreatiques (1). La DM1 és la forma més
comu de diabetis mellitus (DM) a la infancia i a 'adolescéncia, amb un pic
d’incidéncia entre els 10-14 anys (2), tot i que es pot presentar a qualsevol edat.
La seva patogénia és complexa i resulta de la interaccio entre factors ambientals,
genetics i immunologics (3). A nivell mundial, la incidéncia n’ha augmentat un
3-4% per any durant les ultimes tres décades, especialment en poblacions amb
susceptibilitat genética moderada (4). Tot i que s’hi han implicat diversos factors
ambientals, cap d'ells sembla justificar completament aquest augment
d’incidencia (5).

La malaltia cardiovascular (MCV) constitueix la causa principal de
morbimortalitat en persones amb DM1. A I'edat dels 20 anys, la DM1 s’associa
a una reduccié de I'esperanca de vida d’'11 anys en homes i 13 anys en dones, i
la MCV n’és responsable del 40% d’aquesta reduccio (6). Diversos estudis han
observat un risc elevat de mortalitat per MCV en poblacié amb DM1, que és fins
a 10 vegades superior segons el grau de control glucémic i fins a 8 vegades
superior segons la franja d’edat, comparat amb poblacié6 sense DM (7). Els
resultats de I'estudi Diabetes United Kingdom Cohort, on es van incloure 23.751
subjectes amb DM1 diagnosticats abans dels 30 anys entre 1972-1993, van
mostrar una taxa de mortalitat estandarditzada per malaltia arterial coronaria
(MAC) de 4,5 (interval de confianga del 95% —IC95%— 3,9-5,1) en homes i 8,8
(IC95% 7,4-10,3) en dones, comparat amb poblaci6 sense DM. La taxa de
mortalitat estandarditzada més elevada es va observar a la franja d’edat entre
els 20-29 anys, que va ser de I'11,8 (IC95% 5,4-22,4) i 44,8 (1C95% 20,5-85,0)
en homes i dones, respectivament (8). No obstant aix0, estudis epidemiologics
més recents han descrit una reduccio significativa de la mortalitat per MCV

d’aquesta poblacid, especialment en el sexe femeni, amb taxes de mortalitat
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estandarditzades de 3,4 (1IC95% 2,7-4,2) i 3,5 (IC95% 2,4-4,9) en homes i dones,
respectivament (9).

En poblaci6 amb DM1, els esdeveniments cardiovasculars sén meés
frequents i es caracteritzen per una presentacio precog. Segons les dades de la
General Practice Research Database, on es van incloure 7.479 persones amb
DM1 durant el periode 1992-1999, els esdeveniments cardiovasculars majors es
van presentar entre 10 i 15 anys abans en comparaciéo amb poblacié general,
amb una incidéncia de MCV superior a I'1% anual a partir dels 45 anys i al 3%
anual a partir dels 55 anys (10). Per altra banda, els resultats del sequiment a 12
anys de l'estudi Pittsburgh Epidemiology of Diabetes Complications (EDC) van
reportar una incidéncia de MAC del 0,98% anual en adults joves (28-38 anys)
amb DM1 (11).

La diferencia del risc de MCV entre homes i dones caracteristica de la
poblacio sense DM es veu atenuada en persones amb DM1. S’ha demostrat que
les dones amb DM1 presenten un excés de risc de mortalitat per MCV superior
al 80%, comparat amb el sexe masculi (12), i que la MAC afecta a ambdos sexes
per igual en franges d’edat inferiors als 40 anys (8). D’altra banda, I'edat d’inici
de la DM1 s’ha establert com un factor determinant per a [|aparicid
d’esdeveniments cardiovasculars. Les persones amb DM1 diagnosticades abans
dels 10 anys presenten un risc de MAC fins a 30 vegades superior durant I'edat
adulta, independentment dels anys d’evoluci6 de la DM (13). Malgrat que
I'increment del risc de mortalitat per MCV s’ha atribuit classicament a la
preséncia de nefropatia diabética (14), dades més recents mostren que aquest
risc es manté substancialment elevat, tot i 'abséncia d’aquesta (6, 9).

En resum, els estudis epidemiologics han posat de manifest una
incidéncia de MCV elevada en poblaci6 amb DM1. La millora de maneig dels
factors de risc cardiovascular (FRCV) tradicionals s’ha traduit en una reduccié
significativa del risc de MCV durant les ultimes décades (15). Aixo no obstant, el
risc de mortalitat per MCV en subjectes amb DM1 continua sent excessivament
elevat, especialment en el sexe femeni. Determinats aspectes especifics de la
MAC, com ara el seu inici precog, el curs asimptomatic i I'afectacié coronaria
extensa i difusa (16), contribueixen a un pitjor pronostic de la MCV en persones
amb DM1 (17).
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1.1.2. Factors de risc cardiovascular

Els estudis epidemioldgics han identificat els factors de risc implicats en
'augment d’incidéncia i prevalencga de la MCV a la DM1. La hipertensio (HTA),
la dislipémia, I'obesitat i el control glucémic han esdevingut els objectius
terapeutics principals per reduir el risc cardiovascular a la DM1. Al mateix temps,
el risc de MCV es veu incrementat pels habits i estils de vida no saludables, com
ara el sedentarisme, el consum de tabac i la dieta. La patogénia de la MCV
difereix entre la DM1 i la diabetis mellitus tipus 2 (DM2), de manera que
determinats factors especifics poden tenir un paper destacat en poblacié amb
DM1. Per altra banda, s’ha demostrat que els anomenats FRCV classics no
expliquen completament I'excés de risc de MCV present a la DM1. En concret,
dades del Swedish National Diabetes Register (NDR), amb 33.170 persones
amb DM1 i un seguiment de 8 anys, van observar que el risc d’infart agut de
miocardi (IAM) o mortalitat per MAC era significativament superior en persones
amb DM1 amb una hemoglobina glicada (HbA1c) < 6,9% i normoalbuminuria
comparat amb el grup control, especialment en el sexe femeni (18). Aquests
resultats suggereixen que l'increment del risc cardiovascular a la DM1 no només
s’associa als FRCV classics, sind que hi participen altres FRCV, coneguts com
FRCV no classics o emergents (Taula 1). Tot seguit, ens centrarem en
determinats FRCV classics. La resisténcia a la insulina (RI), considerada un
FRCV emergent en DM1, sera tractada en un apartat especific atesa la seva

rellevancia en aquest projecte de tesi doctoral.

Taula 1. Factors de risc cardiovascular

Classics No classics
Dieta Hipoglucémia i variabilitat glucémica
Sedentarisme Complicacions microvasculars
Tabaquisme Resisténcia a la insulina
Hipertensié Disfuncioé endotelial
Dislipémia Inflamacié sistémica de baix grau
Hiperglucémia Estrés oxidatiu
Obesitat i sindrome metabolica Estat protrombotic i alteracio de la fibrindlisi
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Dieta, activitat fisica i tabaquisme

Les persones amb DM1 presenten un risc elevat de desenvolupar la MCV
i la dieta es considera un FRCV important modificable. EI consum excessiu de
greixos, en particular de greixos saturats, s’ha associat amb diversos FRCV,
com el colesterol total, el colesterol LDL, I'obesitat i el mal control glucémic (19).
Estudis prospectius han descrit una relacié inversa entre el consum de fibra i el
risc de MCV i mortalitat global en adults amb DM1 (20).

En DM1, s’ha descrit una prevalengca elevada de sedentarisme (21),
arribant a ser superior al 60% en determinades cohorts d’adults amb DM1 i
superior a I'observada en poblacié general (22). Diversos estudis prospectius
han observat que l'activitat fisica s’associa a una reduccio de la morbimortalitat
cardiovascular a la DM1 (23-25).

Tal com succeeix en la poblacié general, el tabaquisme es considera un
FRCV major a la DM1. El tabaquisme actiu ha esdevingut un predictor
independent de MCV a les cohorts dels estudis Diabetes Control and
Complications TriallEpidemiology of Diabetes Interventions and Complications
(DCCTIEDIC) (26) i Pittsburgh EDC (27). Estudis en poblacié adolescent amb
DM1 han demostrat que el consum de tabac s’associa a un control glucémic pitjor
i un perfil de risc cardiovascular desfavorable, comparat amb els no fumadors
(28). Tot i aix0, la prevalenga de tabaquisme és elevada a la DM1, especialment
en poblacié adolescent (29). L’'estudi SEARCH CVD va descriure una prevalenga
de tabaquisme actiu del 20% en adolescents amb DM1, comparable a

'observada en adolescents sense DM1 (30).
Hipertensié

La HTA és més prevalent en persones amb DM1 comparat amb poblacio
general i és un factor de risc destacat per a la MCV (31). L’elevacio de la pressid

arterial sistolica (PAS) i de la pressi6 arterial diastolica (PAD) s’han associat a
un increment del risc de MCV a la DM1 (32).
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Dislipémia

La dislipémia es considera un factor de risc de MCV a la DM1. El colesterol
LDL i els triglicerids han esdevingut predictors independents d’esdeveniments
cardiovasculars majors a la cohort de I'estudi DCCT/EDIC (26) i els nivells baixos
de colesterol HDL s’han associat a un risc incrementat de MCV a l'estudi
Pittsburgh EDC (33).

Les persones amb DM1 i un control glucémic adequat presenten un perfil
lipidic convencional optim, caracteritzat per nivells de triglicérids i colesterol LDL
normals o lleugerament disminuits, i nivells de colesterol HDL normals o
lleugerament augmentats, comparat amb poblacié sense DM (34). En canvi, el
control glucémic deficient, l'increment de pes i la Rl promouen Il'aparici
d’alteracions lipidiques quantitatives caracteritzades per 'augment dels nivells
plasmatics de triglicérids i colesterol LDL (35, 36). Independentment del control
glucémic, la DM1 s’associa a una série d’alteracions qualitatives i funcionals de
les lipoproteines involucrades en el procés d’arteriosclerosi a la DM1 (34).

Hiperglucémia

La hiperglucemia cronica és un dels factors principals implicats en el
desenvolupament de la MCV a la DM1. Tanmateix, diversos estudis
observacionals prospectius rellevants en aquesta poblacié no van confirmar
inicialment aquesta associacié (33, 37, 38). Les dades més rellevants provenen
de I'estudi DCCT/EDIC. Els resultats van demostrar que 'HbA1c mitjana durant
el seguiment de 27 anys era un predictor independent de 'esdeveniment primari
compost (IAM fatal/no fatal o accident cerebrovascular) i de qualsevol MCV (IAM
fatal/no fatal, accident cerebrovascular, IAM silent, revascularitzacié coronaria o
insuficiéncia cardiaca), i que se n'incrementava el risc un 42% i un 31% per cada
augment de I'1% en I'HbA1c, respectivament (26). D’altra banda, la reducci6 de
I'HbA1c associada a I'is de terapia intensiva reduia el risc d’esdeveniments
cardiovasculars majors (IAM no fatal, accident cerebrovascular o mortalitat per
MCV) en un 57%, comparat amb els subjectes amb DM1 aleatoritzats a terapia
convencional (39). Finalment, segons els resultats d’'un metaanalisi d’assaigs

clinics controlats que comparaven els efectes de la terapia intensiva amb el
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tractament convencional en poblacio amb DM1, la millora del control glucemic es
va associar a una reducci6 substancial del risc de MCV (risc relatiu —RR- 0,38,
IC95% 0,26-0,56) (40).

Obesitat i sindrome metabolica

Durant les darreres decades, la prevalenca de sobrepés i obesitat ha
augmentat en poblaci6 amb DM1. Aquest increment s’ha relacionat amb
'augment de prevalencga a la poblacié general, la millora del control glucémic i
els propis efectes de la terapia intensiva d’insulina. Segons dades de I'estudi
DCCTI/EDIC, la prevalenga d’obesitat va augmentar de I'1% al 31% als 12 anys
de seguiment (41). Analisis secundaris van demostrar que l'increment de I'index
de massa corporal (IMC) > 4.39 kg/m? en els participants aleatoritzats a terapia
intensiva s’associava a un augment dels FRCV (42) i del gruix de I'intima mitjana
carotidia (GIMc), com a mesura d’arteriosclerosi subclinica (43). Recentment,
dades del Swedish NDR, amb 26.125 persones amb DM1 i un seguiment d'11
anys, van observar una relaci6 entre l'augment de pes i [Iaparicid
d’esdeveniments cardiovasculars majors, hospitalitzacions per insuficiéncia
cardiaca i mortalitat cardiovascular (44).

La prevalenga de sindrome metabolica a la DM1 varia entre el 8-45%,
depenent de la poblacio estudiada i dels criteris utilitzats per definir-la (Taula 2)
(45). Les persones amb DM1 i sindrome metabolica presenten un risc
cardiovascular incrementat. En estudis transversals, la prevalenca de MCV va
ser més elevada en les persones DM1 i sindrome metabdlica, segons els criteris
de la World Health Organization (WHQO) (46) i la International Diabetes
Federation (IDF) (47). Pel que respecta a estudis prospectius, Thorn et al. van
demostrar que el diagnostic de la sindrome metabdlica, segons els criteris de la
WHO, s’associava a un increment del risc d’esdeveniments cardiovasculars dues
vegades superior, independentment dels FRCV classics i la preséncia de
microalbuminuria (48). No obstant aixd, el valor predictiu per I'aparicié de
complicacions croniques de cada component que integra la sindrome metabolica
va ser superior al valor predictiu de la propia sindrome (49). Per aquest motiu, i

atenent les limitacions que presenten les diferents definicions pel seu us en
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persones amb DM1, diversos autors han questionat el paper de la sindrome
metabolica com a FRCV a la DM1 (45).

Taula 2. Definicions de la sindrome metabolica

WHO NCEP-ATP Il IDF
modificat

General Hiperglucémia > 3 components Obesif[at
+ 2 components abdominal
+ 2 components

Obesitat IMC > 30 kg/m? i/o Circumferencia de Circumferencia de
abdominal index cintura-maluc H > cinturaH = 102 cm, cintura H = 94 cm,
0,9, D>0,85 D >88cm D >80cm
Hipertensio >140/90 mmHg >130/85 mmHg o > 130/85 mmHg o
tractament tractament
Colesterol HDL H < 35 mg/dL, H <40 mg/dL, H < 40 mg/dl,
D < 39 mg/dL D < 50 mg/dL D < 50 mg/dL
Triglicerids > 150 mg/dL > 150 mg/dL o > 150 mg/dL o
tractament tractament
Hiperglucémia Diabetis 0 GPD = 110 GPD =100 mg/dL o Diabetis o GPD >
mg/dL tractament 100 mg/dL
Microalbuminuria Microalbuminudria > 20 - -

ug/min o ratio
microalb/creatinina 30

mg/g

WHO: World Health Organization; NCEP-ATP llI: Third National Cholesterol Education
Program Adult Treatment Panel; IDF: International Diabetes Federation; IMC: index de
massa corporal; H: home; D: dona; GPD: glucosa plasmatica en deju.

1.1.3. Avaluacio6 del risc cardiovascular a la diabetis mellitus tipus 1

Els models de prediccié de risc de MCV proporcionen una estimacié del
risc de presentar un esdeveniment cardiovascular en un periode de temps
determinat i resulten utils a I'hora de seleccionar una estratégia d’intervencié
adequada. En abséncia de models de predicci6 de risc dissenyats
especificament per a les persones amb DM1, l'estratificacié del risc de la MCV
en aquesta poblacio es basa en I'aplicacié de models i estrategies diagnostiques
utilitzades en poblacio general, segons les recomanacions de ’American College
of Cardiology Foundation/American Heart Association (AHA) (50). A la practica
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clinica habitual, es disposa de diversos models de prediccio de risc elaborats a
partir de poblaci6 general (Framingham Risk Score) (51) i amb DM,
majoritariament limitada a subjectes amb DM2 (United Kingdom Prospective
Diabetes Study —-UKPDS—- Risk Engine) (52). Aixd no obstant, s’ha observat que
'ds d’aquests models convencionals subestima el risc de presentar un
esdeveniment cardiovascular futur en la poblacio amb DM1, especialment en el
subgrup de risc cardiovascular més elevat (53). Aquest fet podria justificar
I'adopcioé d’'estratégies de prevencié de MCV menys agressives (54). Per tant, i
amb I'objectiu de millorar I'estratificacié del risc de MCV, la AHA i la American
Diabetes Association (ADA) han destacat la necessitat d’elaborar nous models
de prediccio especifics per a la DM1 (55).

Existeixen diverses limitacions per a I'is dels models de prediccio del risc
cardiovascular convencionals en poblaci6 amb DM1. En primer lloc, 'equacié
Framingham Risk Score es va desenvolupar a partir d’'una cohort de 5.209
subjectes on només el 6% dels homes i el 8% de les dones presentaven DM, la
majoria dels quals es tractaven de persones amb DM2 (56). En segon lloc, la
MCV s’estableix precogment a la DM1, mentre que les dades de I'estudi
Framingham i d’altres estudis observacionals sobre el risc de MCV a 10 anys en
adults joves s6n molt escasses, de manera que I'evidéncia respecte al seu Us en
aquesta poblacio és limitada (50). A més, tenint en compte que la DM1 es
presenta majoritariament a la infancia o a I'adolescéncia, el temps d’exposicio
als FRCV és superior respecte a la DM2 i poblacié general. En tercer lloc, les
equacions de Framingham Risk Score i UKPDS Risk Engine no incorporen
alguns dels factors predictors d’esdeveniments coronaris a la DM1, com ara la
preséncia de microalbuminuria o els anys d’evolucié de la DM1, fet que podria
justificar la manca d’exactitud d’aquests models (57). En quart lloc, s’han
evidenciat diferencies entre la DM1 i la DM2 en relaci6 a I'impacte dels FRCV
sobre el desenvolupament de la MCV, amb importancia superior de la
hiperglucémia sobre la mortalitat cardiovascular en poblacié amb DM1, fet que
suggereix la preséncia de mecanismes fisiopatologics diferents entre ambdues
poblacions (58). Finalment, els models de prediccié existents han estat
dissenyats amb l'objectiu d’estimar el risc d’esdeveniments cardiovasculars

clinics, sense tenir en compte els silents. Malgrat aix0, la isquémia miocardiaca
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silent (IMS) és més prevalent a la DM1 en comparacié amb la poblacié general i
s’associa a un pitjor pronostic cardiovascular (59).

Com alternativa als models convencionals, Zgibor et al. van elaborar al
2010 el primer model de prediccio especific a partir de la cohort prospectiva de
I'estudi Pittsburgh EDC amb l'objectiu d’estimar el risc de MAC a 10 anys en
persones amb DM1 i sense esdeveniments coronaris previs (EDC Risk Score).
Aquest model va incloure variables com ara el recompte leucocitari, I'index
cintura-maluc, la malaltia renal i els anys d’evolucié de la diabetis, variables no
incloses en algoritmes previs (60). El segon model (Swedish Type 1 Diabetes
Risk Score) es va desenvolupar a partir de les dades del registre nacional suec
amb l'objectiu d’estimar el risc de MCV a 5 anys en poblacié amb DM1, amb o
sense MCV prévia (61). Finalment, Vistisen et al. van elaborar i validar un model
de prediccio del risc de MCV a 10 anys (Steno Type 1 Risk Engine —ST1RE-) a
partir de la cohort danesa de I'Steno Diabetes Center. El model de prediccio va
incloure 10 variables: edat, sexe, anys d’evolucié de la diabetis, PAS, colesterol
LDL, HbA1c, albuminuria, taxa de filtrat glomerular estimada (TFGe), tabaquisme
i activitat fisica regular. La validacio externa del model va mostrar una bona
capacitat de discriminacio, amb una area sota la corba ROC (Receiver-Operating
Characteristic) de 0,803 (IC95% 0,767-0,839) (62). Per la seva banda,
I'European Society of Cardiology (ESC), en col-laboracié amb I'European
Association for the Study of Diabetes, va proposar una estratificacidé de risc
cardiovascular especifica per a la DM, incloent a les persones amb DM1 (63).
Estudis posteriors van evidenciar una manca de concordanga entre la
classificacio de risc proposada per 'ESC i la prediccié del risc de MCV segons
el model STT1RE, especialment en persones menors de 35 anys (64). Finalment,
tot i que 'STTRE ha demostrat una capacitat de prediccié superior a la dels
models derivats de poblaci6 general i amb DM2, el seu Us no ha estat ampliament
incorporat a la practica clinica habitual (62).

Aixi doncs, tenint en compte que els models de prediccié convencionals
subestimen el risc de MCV i que és necessari validar els models especifics per
a la DM1 en cohorts més extenses, actualment encara no es recomana I'us
d’aquestes eines de prediccio de risc de forma rutinaria. La identificacié de nous
factors de risc, més enlla dels FRCV classics, permetria millorar la capacitat de
prediccid del risc cardiovascular. En aquest sentit, durant els ultims anys s’ha
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reconegut el paper de la Rl en el desenvolupament de la MCV a la DM1 (65). De
la mateixa manera, donada la prevalenca elevada d'IMS en aquesta poblacio,
I'elaboracié de nous algoritmes de prediccio utils per a la deteccié d'IMS i la
identificacié dels seus factors predictors permetrien optimitzar I'estratificacio de
risc cardiovascular. Finalment, la mesura de marcadors d’arteriosclerosi
subclinica, com ara la rigidesa arterial (RA), també constituiria una eina de gran
utilitat per detectar les persones amb DM1 amb un risc cardiovascular més
elevat. Per tant, en els seglents apartats ens centrarem en I'avaluacio de la Rl i
els mecanismes implicats en I'excés de risc de MCV, l'avaluacié de la IMS i el
seu valor pronostic, aixi com en l'avaluacié de la RA i els seus determinants

principals en persones amb DM1.

1.2. Resisténcia a la insulina i diabetis mellitus tipus 1

1.2.1. Diabetis doble: definicié i caracteristiques cliniques associades a la

resisténcia a la insulina

Tot i que la DM1 es caracteritza pel déficit absolut d’'insulina com a
consequencia de la destruccid autoimmune de les cél-lules 3 pancreatiques,
diversos estudis han observat la preséncia de Rl en aquesta poblacid, condicid
coneguda com a diabetis doble (66-68). Aixi doncs, la Rl és una caracteristica
comu en adolescents i adults amb DM1, inclus en aquells amb normopes (69,
70). Actualment, no es disposa d'uns criteris clars per definir aquest grup
d’'individus, de manera que el seu diagnostic es basa en la identificacié de les
caracteristiques cliniques associades a la Rl (71). Atesa la manca de criteris ben
definits, la prevalenca de diabetis doble no esta ben establerta. Tot i que estudis
previs consideraven la hiperglucémia cronica com I'unic factor causant (66), tot
seguit es presenten diversos factors que s’han relacionat amb la preséncia de RI
ala DM1.

En primer lloc, la prevalenga d'obesitat ha augmentat considerablement
en el decurs de les ultimes décades a la poblacié amb DM1 (Figura 1). Tal com
hem comentat anteriorment, aquest increment s’ha relacionat amb I'augment de
prevalenca a la poblacié general, la millora del control glucémic i els propis
efectes de la terapia intensiva d’insulina. Per altra banda, el diagnostic de la
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sindrome metabolica, que integra parametres d'obesitat central i altres FRCV
classics, s’ha proposat com un marcador util per identificar les persones amb
diabetis doble. En segon lloc, alguns estudis han descrit una predisposicid
genetica a la Rl en la poblaci6 amb DM1, especialment en aquells individus amb
historia familiar de DM2. Dades de I'estudi DCCT van evidenciar una relacio entre
els antecedents familiars de DM2 i l'increment de pes, l'augment dels
requeriments d’insulina diaria i la preséncia d’alteracions lipidiques
caracteristiques de la DM2 (41). Finalment, I'abséncia del gradient d’insulina
portal-periférica present a la DM1 també s’ha considerat un factor implicat en
l'aparici6 de la RI. L’administracié subcutania d’insulina resulta en una
hiperinsulinémia periférica i una insulinopénia portal relativa, fet que pot alterar
I'expressio i I'activitat dels receptors d’insulina a teixits periférics i disminuir aixi
la captacio de glucosa, al mateix temps que augmenta la produccié hepatica de
glucosa (72).

mBMI >30 kg/m? o BMI 25 - 29.99 kg/m?
0 BMI 20 - 24.99 kg/m? 0 BMI <20 kg/m?
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Figura 1. Patrons temporals d’obesitat i sobrepes en DM1. Kietsiriroje N et al. Double diabetes: a distinct
high-risk group? Diabetes Obes Metab 2019;21(12):2609-18.

1.2.2. Mesura de la resisténcia a la insulina

La técnica del clamp euglucémic-hiperinsulinémic, descrita per De Fronzo
et al. al 1979, es considera el metode gold standard per a la mesura de la
sensibilitat a la insulina (Sl) (Figura 2) (73). Breument, la insulina s’administra per
via endovenosa amb I'objectiu d’assolir una concentracio plateau d’insulinémia

plasmatica, al mateix temps que la velocitat d’infusié de glucosa endovenosa

31



1. Introduccid

varia per tal de mantenir I'estat d’euglucémia. En abséncia de R, la captacio de
glucosa a nivell de teixit muscular i adipés es veu incrementada, mentre que
s’inhibeix la lipdlisi i la produccio hepatica de glucosa. En subjectes sense DM,
la supressio de la produccié hepatica de glucosa s'assoleix ja amb taxes d'infusio
d'insulina de 0,5 mU-kg"-min', sense condicionar encara la captacio de glucosa
a nivell periferic. Amb taxes d'infusi6 més elevades, habitualment d'1 mU-
kg''min', la supressiéo de la produccié hepatica de glucosa és completa,
permetent valorar les diferéncies a nivell de captacio periférica (74). En aquestes
condicions, la taxa d’infusié de glucosa (glucose infusion rate —GIR-) és igual a
la taxa de captacio de glucosa als teixits periférics. Aixi doncs, la GIR és un
parametre que mostra la captacio periférica de glucosa per acci6 de la insulina i
es considera una mesura de la Sl global o periférica. El grau de RI esta
inversament relacionat amb la taxa d’infusié glucosa necessaria per mantenir
I'euglucémia. Quan la técnica de clamp es combina amb I'is d’isdtops marcats,
és possible quantificar la S| especifica de cada teixit. La Rl es manifesta per
'augment de la produccio hepatica de glucosa, I'elevacio dels acids grassos no
esterificats com a consequéncia de la manca de supressio de la lipdlisi al teixit

adipos i la disminucio de la captacio de glucosa als teixits periféerics.
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Figura 2. Insulina plasmatica, glucosa plasmatica i taxa d’infusio de glucosa durant la fase d’estabilitat del
clamp euglucémic-hiperinsulineémic. DeFronzo RA et al. Glucose clamp technique: a method for
quantifying insulin secretion and resistance. Am J Physiol 1979;237(3):E214-23.
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Els estudis de clamp euglucémic-hiperinsulinemic combinats amb isotops
marcats que avaluen la Sl hepatica sén escassos i amb resultats discordants.
Alguns autors han demostrat que els subjectes amb DM1 presenten una
produccio de glucosa endogena a nivell hepatic més elevada i una supressio
menor d'aquesta durant el clamp euglucemic-hiperinsulinemic (75-77). Per
contra, altres autors no han objectivat diferéncies (78) i d'altres han observat
I'efecte contrari, descrivint que les persones amb DM1 presenten una millor Sl a
nivell hepatic en comparaciéo amb les persones sense DM1 emparellades per
edat, sexe i IMC (79). Diferéncies en les dosis d’insulina administrades durant la
técnica del clamp i les caracteristiques de les cohorts estudiades podrien
explicar, en part, els resultats discrepants descrits. Pel que fa a la sensibilitat a
la insulina a nivell de teixit adipds, un metaanalisis publicat el 2015 en que es
van incloure un total de 38 estudis de clamp, dels quals 9 estudis reportaven
dades sobre les concentracions d’acids grassos no esterificats basals i durant el
clamp, va demostrar que els subjectes amb DM1 presentaven un augment de
les concentracions basals d’acids grassos no esterificats i una manca de
supressio de la lipolisi (80). En darrer lloc, resultats del mateix metaanalisi
descriuen una disminucio de la captacio de glucosa al teixit periféric en adults
amb DM1 comparat amb el grup control, dades que indicarien clarament una
reduccio de la Sl periférica en aquesta poblacié (80). Tal com hem comentat
anteriorment, la hiperinsulinémia periférica podria jugar un paper destacat en la

seva aparicio (81).

Estimacio de la resisténcia a la insulina

El clamp euglucemic-hiperinsulinémic és una técnica invasiva, costosa,
llarga i técnicament complexa, aixi que resulta de poca utilitat per a estudis
epidemiologics i la seva practica es limita a 'ambit de la investigacio cientifica.
S’han desenvolupat métodes d’estimacio de la Sl, com ara el Homeostasis Model
Assessment for Insulin Resistance (HOMA-IR) (82) i el Quantitative Insulin
Sensitivity Check Index (QUICKI) (83). Malgrat aix0, aquests métodes
requereixen la preservacio del funcionament de la cél-lula B pancreatica, de
manera que no resulten utils en DM1. Per aquest motiu, son necessaris metodes

especifics per aquesta poblacié.
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Durant les darreres décades, s’han elaborat diverses equacions amb
I'objectiu d’estimar diferents parametres de captacioé de glucosa al teixit periferic
(per exemple, GIR) a partir de variables cliniques i, d’aquesta manera, obtenir
una mesura de la Sl global o periferica (sensibilitat a la insulina estimada
—Sle—). Aquestes equacions han estat validades amb la técnica del clamp
euglucemic-hiperinsulinémic. La primera equacio, validada ampliament a
diferents poblacions i utilitzada a la practica clinica, va ser desenvolupada per
Williams et al. a partir d’'un subgrup de 24 participants amb DM1 de l'estudi
Pittsburgh EDC (84), posteriorment adaptada per a I'us de 'HbA1c en comptes
de I'HbA1 (sensibilitat a la insulina estimada desenvolupada a partir de I'estudi
Pittsburgh EDC —Sle-EDC-) (85). Recentment, Duca et al. van desenvolupar una
segona equacio especifica per a la DM1 a partir de la cohort de I'estudi Coronary
Artery Calcification in Type 1 Diabetes (CACTI) (sensibilitat a la insulina estimada
desenvolupada a partir de I'estudi CACTI —Sle-CACTI-) (86). Finalment, es va
desenvolupar una tercera equacio a partir d’'un subgrup de participants de I'estudi
SEARCH for Diabetes in Youth amb |'objectiu d’estimar la Sl en poblacio
adolescent amb DM1, DM2 i sense DM, de manera que no es considera un
métode especific per a la DM1 (87). Totes aquestes equacions proporcionen
estimacions de la Sl global o de la seva funcio inversa, la RI.

La Sle es considera un marcador util per identificar les persones amb
diabetis doble, condicié associada a un risc més gran de complicacions micro i
macrovasculars (88). Recentment, Nystrom et al. van demostrar que un valor de
Sle-EDC < 8 mg-kg™'-min~' s’associava a un risc significatiu de mortalitat global i
cardiovascular en una cohort sueca de 17.050 persones amb DM1 (89) (Figura
3). Alhora, comparat amb els criteris clinics utilitzats per definir la sindrome
metabodlica, la Sle va resultar un predictor d’esdeveniments cardiovasculars més
adequat (85). Per tant, la mesura de la Sle a partir de variables cliniques és una
estratégia facilment accessible a la practica clinica habitual i util per millorar
I'estratificacio del risc cardiovascular a la DM1. A més, en tractar-se d’'un valor
numeric, a diferéncia del diagnostic de la sindrome metabdlica, permet
monitoritzar la resposta a les diferents intervencions especifiques per disminuir

la RI en aquesta poblacio (71).
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Figura 3. Corbes Kaplan-Meier de mortalitat global en 17.050 persones amb DM1 en funcié de la
Sle-EDC. Nystrém T et al. Estimated glucose disposal rate predicts mortality in adults with type 1 diabetes.
Diabetes Obes Metab 2018;20(3):556-63.

1.2.3. Paper de la resisténcia a la insulina en la patogénia de la malaltia

cardiovascular

Diversos mecanismes associats a la Rl s’han implicat en I'excés del risc
de MCV ala DM i, per tant, justificarien el possible paper de la Rl en la patogénia
de la malaltia cardiovascular:

e Dislipémia. La Rl augmenta la lipolisi a nivell del teixit adipds, provocant
I'alliberacié d’acids grassos lliures no esterificats a la circulacié i afavorint la
produccio hepatica de particules de colesterol VLDL (90). Per accié de la
proteina colesterol-ester-transferasa, augmenta el contingut de triglicerids a les
lipoproteines LDL i HDL (91). Les lipoproteines de mida mitjana riques en
triglicérids penetren a l'intima arterial, on son captades directament pels
macrofags, convertint-se aquests en una de les cél-lules primordials de la placa
d’aterosclerosi, les cél-lules escumoses riques en colesterol no degradable (92).
La hidrolisi dels triglicérids a nivell de l'intima arterial provoca I'alliberacié de
substancies toxiques que participen en la resposta inflamatoria (92). Les
particules LDL riques en triglicérids es converteixen en particules LDL petites i
denses, associades a una activitat aterogénica superior (93). Per la seva banda,
les lipoproteines HDL riques en triglicerids perden les seves propietats
antiaterogéniques (94, 95).
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e Cardiomiopatia diabética. La cardiomiopatia diabética es caracteritza
per: hipertrofia cardiaca, apoptosi dels cardiomiocits, fibrosi intersticial i disfuncio
diastolica seguida de disfuncid sistolica (96). En preséncia de RI, es produeix un
augment de la captacié d’acids grassos lliures al cardiomiocit, fet que provoca
I'acumulacio de lipids intramiocardiacs (97). L'oxidacié d’aquests acids grassos
lliures genera una série de metabdlits intermediaris implicats en I'aparicié de la
inflamacio de baix grau, la produccio de radicals lliures, la disfuncié mitocondrial,
les alteracions de 'homeostasi del calci i de les vies de senyalitzacio de la
insulina (98). Al mateix temps, I'acumulacio de lipids intramiocardiacs promou
I'activacio dels macrofags M1, responsables de la secreci6 de citoquines
proinflamatories, i la inhibici6 dels macrofags M2, implicats en la resposta
antiinflamatoria (99). Finalment, [I'activacié inapropiada de [l'eix renina-
angiotensina-aldosterona i del sistema nerviés simpatic també s’han implicat en
el desenvolupament de la cardiomiopatia diabética (100, 101).

e Disfuncié endotelial. En preséncia de RI, s’altera selectivament la
produccio d’oxid nitric per accioé de la insulina a través de la via de senyalitzacio
phosphoinositide 3-kinase/protein kinase B (PI3k/Akt), mentre que es manté
I'activacio de la via de senyalitzaci6 mitogen-activated protein kinase (MAPK),
afavorint la vasoconstriccié arterial, la proliferacié de cél-lules musculars llises

vasculars, I'activitat proinflamatoria i I'alliberacio de factors protrombotics (96).

1.3. Isquémia miocardiaca silent

La IMS es defineix com la preséencia d'isquémia miocardiaca en abséncia
de simptomatologia acompanyant (102). En poblaci6 amb DM, la prevalenga
oscil-la entre el 12-62% (103), mentre que en poblacié general és de I'1-4% (104,
105). L’elevada discrepancia entre les dades de prevalenga descrites en poblacié
amb DM s’explica, principalment, per les diferéncies en les cohorts avaluades i
el métode diagnostic d'IMS seleccionat. D’altra banda, la majoria d’estudis que
avaluen la prevalenca d'IMS en persones amb DM inclouen subjectes amb DM2
i no disposen d’un grup control. A més, els resultats es basen en proves d’'imatge

no invasives sense confirmar la preséncia de lesions coronaries obstructives
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mitjangant angiografia coronaria, de manera que la prevalenga real d'IMS a la
DM1 no esta ben establerta.

Atesa la dificultat de realitzar el cribratge a tota la poblaci6 amb DM,
diversos estudis han avaluat els factors predictors d'IMS amb ['objectiu
d’identificar les persones amb un risc més elevat de presentar-ne. Tot i aix0, i tal
com s’ha comentat préviament, la majoria d’estudis es centren en poblacié amb
DM2. En relacié als FRCV classics, els principals predictors d'IMS descrits en
aquesta poblacié han estat el sexe masculi, I'edat, la HTA, la dislipémia i el
tabaquisme. Malgrat aix0, cap d’aquest FRCV ha resultat util a I'hora d’identificar
els candidats a cribratge d'IMS (106). Quant a les variables relacionades amb la
DM, només un estudi ha demostrat una associacio independent entre la durada
de la diabetis i la preséncia de MAC significativa avaluada mitjangant angiografia
coronaria per tomografia computada (TC) en persones amb DM2 i sense MCV
previa (107). Pel que respecta a les complicacions microvasculars, la preséncia
de microalbuminuria i retinopatia diabética també s’han associat de forma
independent a la MAC en poblacié asimptomatica amb DM2 (105, 108-110).
Finalment, s’ha descrit una prevalengca més elevada de neuropatia autonomica
en persones amb DM i IMS (111). De fet, la neuropatia autondmica es considera
un dels factors causants de la naturalesa silent de la MAC en aquesta poblacio.
Segons els resultats del I'estudi Detection of Ischemia in Asymptomatic Diabetics
(DIAD), la resposta anomala de la frequéncia cardiaca a les maniobres de
Valsava, un signe de neuropatia autonomica cardiovascular, va ser el factor
predictor més important d'IMS en persones amb DM2 i sense MAC prévia (112).

En poblacio amb DM1, els estudis que avaluen els factors predictors d'IMS
sOn escassos. Larsen et al. van demostrar una associacidé entre el control
glucemic i la preséncia de MAC significativa (estenosi > 50%) avaluada
mitjangant angiografia coronaria en una cohort de 29 persones amb DM1
asimptomatiques (113). Recentment, els resultats de I'estudi Dialong han
corroborat I'associacio entre la HbA1c i la MAC significativa, en aquest cas
detectada mitjangant angiografia coronaria per TC (114). Per altra banda, la IMS
s’ha demostrat que és més prevalent en persones amb DM1 que presentaven
complicacions microvasculars (115, 116).

Estudis prospectius han descrit una associacio entre la IMS i I'aparicio
d’esdeveniments cardiovasculars en poblacio amb DM (59, 117). Aixi mateix,
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s’ha observat que la seva avaluacioé millora la capacitat de prediccid del risc de
MCV en comparacio amb els models de prediccié convencionals (118). Atesa la
dificultat d’estudiar tota la poblaci6 amb DM, alguns autors han proposat
estrategies de cribratge d'IMS basades en I'estratificacio del risc cardiovascular.
Amb aquest objectiu, el 1998 'ADA va publicar un consens on es recomanava el
cribratge d'IMS en persones amb DM que presentaven > 2 FRCV (colesterol
total > 240 mg/dL i/o colesterol LDL > 160 mg/dL i/o colesterol HDL < 35 mg/dL;
pressio arterial (PA) > 140/90 mmHg; tabaquisme actiu; antecedents familiars de
cardiopatia isquémica precog; micro- o macroalbuminuria) (119). Posteriorment,
es van elaborar altres recomanacions per a I'avaluacié de la IMS en persones
amb DM (120, 121). No obstant aix0, I'avaluaci6 del conjunt de FRCV classics
no va resultar una estratégia eficag a I'hora d’identificar la IMS en poblacié amb
DM no seleccionada (112, 122). Per altra banda, I'extensié del calci arterial
coronari (CAC) mesurada per TC ha demostrat ser un predictor independent de
MCV incident i s’ha associat a la preséncia d’isquémia detectada per Single
Photon Emission Computed Tomography (SPECT) de perfusié miocardiaca
d’estrés en poblacié amb DM2 (123). Per aquests motius, I'’American College of
Cardiology considera apropiada la mesura del CAC per optimitzar I'estratificacio
del risc cardiovascular en persones amb DM2 asimptomatiques i, alhora,
seleccionar els candidats a realitzar proves funcionals per a la deteccid
d’'isquémia (124). En I'actualitat, no existeixen dades prospectives sobre la utilitat
del CAC en la prediccio del risc cardiovascular en poblacié amb DM1. Davant
'abséncia de recomanacions especifiques per a persones amb DM1, el 2014,
'AHA/ADA van publicar el primer consens especific sobre DM1 i MCV (55). En
aquest document, i tenint en compte la manca d’evidéncia al respecte, els autors
desaconsellen realitzar el cribratge rutinari d'IMS en persones asimptomatiques
i proposen aplicar les mateixes recomanacions establertes préviament per a la
poblacié general: la realitzacioé d’'un electrocardiograma (ECG) en repos (125).
Els autors unicament aconsellen la practica de proves addicionals en aquelles
persones que presenten simptomes suggestius de MAC, un ECG en repos
alterat o bé un risc de MCV moderat/alt d’'acord amb els models de prediccio de
risc ja existents, tot i les limitacions que aquests presenten (55, 125).
Actualment, existeix controversia sobre els beneficis del cribratge d'IMS
en poblaci6 amb DM. La majoria d’estudis prospectius no han observat una
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reduccio significativa dels esdeveniments cardiovasculars als pacients sotmesos
a proves de deteccio d’'IMS. L’estudi DIAD, amb una cohort de 1.123 subjectes
amb DM2, entre 50-75 anys i sense MAC coneguda, aleatoritzats a cribratge
sistematic d’'IMS mitjangcant SPECT de perfusié miocardiaca d’estrés (n = 522) i
seguiment convencional (n = 562), no va mostrar una reduccio significativa de la
taxa d’esdeveniments cardiacs al grup de subjectes sotmesos a cribratge amb
un seguiment de 5 anys (hazard ratio —-HR- 0,88, IC95% 0,44-1,80; p = 0,73)
(126). L’assaig clinic Factor-64, on es van incloure 899 persones amb DM2
(n=791) o DM1 (n = 108) de risc cardiovascular elevat, aleatoritzats a cribratge
mitjangant angiografia coronaria per TC (n = 452) vs. seguiment convencional
(n = 447), tampoc va evidenciar una reduccié significativa de I'objectiu primari
compost (mortalitat per qualsevol causa, IAM no fatal o angina inestable) als 4
anys de seguiment, amb una HR 0,80 (IC95% 0,49-1,32; p = 0,38) (127).
Finalment, el metanalisi dels estudis Do You Need to Assess Myocardial
Ischemia in Type 2 Diabetes (DYNAMIT) i DIAD no va mostrar beneficis del
cribratge sistematic d’isquémia miocardiaca en subjectes amb DM2 de risc
cardiovascular elevat (128). Tot i que els autors van concloure que no es disposa
de l'evidéncia suficient per recomanar el cribratge rutinari d'IMS en persones
amb DM, la manca d’estudis que avaluin I'efecte d’'una intervencio especifica
associada a aquest cribratge constitueix la limitacié principal a I'nora de
demostrar els beneficis del cribratge rutinari d’'IMS. D’altra banda, cal destacar
que no es disposa d’estudis centrats exclusivament en poblacié amb DM1.

A dia d’avui, no s’han dissenyat estudis que avaluin el benefici de la
revascularitzacido coronaria en pacients diagnosticats d'IMS. Tal com s’ha
comentat, I'estudi DIAD no va ser dissenyat com un estudi d’intervencio, de
manera que el nombre d’angiografies coronaries i revascularitzacions no va
diferir entre els dos grups d’aleatoritzacio, cosa que resta validesa als resultats
de l'estudi (112). Altrament, la relacio entre la IMS i la MAC significativa no
sempre és constant i s’ha demostrat que el valor pronostic de la IMS depéen
principalment de la preséncia de lesions coronaries significatives (129). En
consequeéncia, alguns autors recomanen realitzar I'angiografia coronaria a tots
els pacients amb IMS per tal d’identificar aquells candidats a procediments de

revascularitzacio coronaria (120). Aixi doncs, sén necessaris estudis
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d’intervencid controlats amb I'objectiu de demostrar la millora en el pronostic

associada al cribratge d'IMS.

1.4. Rigidesa arterial

1.4.1. Patogénia de la malaltia cardiovascular en la rigidesa arterial

La RA és una de les primeres manifestacions que es detecten com a
consequencia de la interaccié entre els canvis dinamics i cronics dels elements
estructurals i cel-lulars de la paret arterial relacionats amb el procés
d’arteriosclerosi (130). La formacié dels productes de glicosilacié avangada (131,
132), la inflamacio sistémica de baix grau (133), la disfuncié endotelial (134) i
determinats mediadors de la mineralitzacié ossia (135) s’han proposat com a
possibles mecanismes responsables d’aquest increment de rigidesa de la paret
arterial a la DM1.

Actualment, la mesura de la velocitat de I'ona de pols aortica (VOPa o
carotida-femoral) es considera el métode gold standard per a I'avaluacio de la
RA regional (136). La velocitat de propagacio de I'ona de pols, formada per I'ona
anterograda i I'ona de reflexio, esta inversament relacionada amb la distensio de
la paret arterial. D’aquesta manera, la consequéncia d’'un sistema arterial més
rigid és I'increment en la velocitat de propagacio de I'ona de pols. En condicions
normals, les ones de reflexié generades a nivell de les arteries periferiques
arriben durant la diastole, afavorint aixi la perfusié miocardiaca. En canvi, en un
sistema arterial més rigid, el retorn prematur de les ones de reflexié durant la
fase final de la sistole provoca un increment de la pressio de pols central (PPc),
que es traduira en una sobrecarrega del ventricle esquerre i, per tant, una
demanda més gran d'oxigen del miocardi (137). De fet, la RA s’associa a la
hipertrofia ventricular esquerre, considerada un factor de risc d’esdeveniments
coronaris (138). Simultaniament, 'augment de la PPc i el descens de la PAD
provoquen una disminucio del flux coronari durant la diastole, afavorint 'aparicio
de la isquémia subendocardiaca (136) (Figura 4). Per acabar, I'increment de la
VOPa també reflecteix les alteracions de la paret arterial a nivell de les artéries

coronaries (136).
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Figura 4. Ona de pols formada per I'ona anterograda (linia lila) i 'ona de reflexié (linia negre). En
condicions normals (linia discontinua), les ones de reflexié arriben durant la diastole, afavorint la perfusié
miocardiaca. En un sistema arterial rigid (linia blava), el retorn prematur de I'ona de reflexié durant la fase
final de la sistole provoca l'increment de la pressié de pols (APP), 'increment de la sobrecarrega del
ventricle esquerre (ALVL) i la disminucio del flux arterial coronari. Llauradé G. Diabetis mellitus tipus 1 i

rigidesa arterial: avaluacié no invasiva i mecanismes fisiopatologics implicats. [Tesi doctoral]. Barcelona:
Universitat Autonoma de Barcelona; 2013.

1.4.2. Mesura no invasiva de la rigidesa arterial: velocitat de I’ona de pols

aortica

La VOPa es considera el métode d’eleccidé per a la mesura de la RA
regional, atesa la seva validesa, senzillesa, precisio i reproductibilitat (136).
Actualment, la mesura de la VOPa mitjangant tonometria d’aplanament és la
técnica que disposa de més evidéncia quant al seu valor pronostic, mentre que
la velocitat de 'ona de pols (VOP) mesurada en altres territoris, com ara la VOP
braquial o femoro-tibial, no han demostrat el seu valor predictiu de MCV (139).
La tonometria d’aplanament permet el registre de I'ona de pols mitjangant
I'aplicacio d’un sensor de pressio sobre la paret arterial. El registre de les ones
s’obté de forma transcutania a nivell de I'artéria carotide comuna dreta i I'artéria
femoral comuna dreta, i es mesura el temps que triga el peu de 'ona en recérrer
una distancia determinada (temps de transit —At—). Aquesta mesura es pot
obtenir de forma simultania o sequencial mitjangant [I'enregistrament
electrocardiografic simultani (Figura 5). La distancia recorreguda per I'ona de

pols s’assumeix com la distancia entre els dos punts d’enregistrament (AD). Aixi
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doncs, la VOP es calcula dividint la distancia entre el temps de transit (VOP =
AD/At) (136).

Figura 5. Calcul del temps de transit (At) mitjangant el métode foot-to-foot. VOP = AD/At = AD/(T2 — T1)
(m/s). (A) Temps entre 'ona R de 'ECG i el peu de I'ona de pols carotidia (T1). (B) Temps entre 'ona R de
'ECG i el peu de 'ona de pols femoral (T2). Sulakova T et al. The importance of pulse wave velocity
measurement in paediatric population with increased risk of cardiovascular diseases — Type 1 diabetes
and chronic kidney disease. Cor et vasa 2016,;58:€623-e630.

El principal inconvenient de la mesura de la VOPa mitjangant tonometria
d’aplanament és que la distancia utilitzada és una estimacio de la distancia real
entre els dos punts d’enregistrament, fet que pot influir de forma significativa en
els valors de la VOPa (140). Tot i que s’han proposat diverses estratégies per
obtenir la distancia estimada, no existeix consens sobre quina és la mesura més
adequada. Els estudis demostren que la mesura de la distancia total entre el punt
de registre carotidi i femoral sobreestima la distancia real mesurada mitjangant
RMN un 25,4%, mentre que altres metodes subestimen la distancia real entre el
10,3 i el 29,2% (140). Per tal d’estandarditzar la mesura de la distancia, el 2011
es va publicar un nou consens on es va proposar utilitzar el 80% de la distancia
total entre I'artéria cardtide comuna i I'artéria femoral comuna com a mesura de
la distancia estimada més precisa, sobreestimant la distancia real només un
0,4% (141). Posteriorment, s’han proposat altres estratégies per calcular la

distancia estimada mitjangant models de regressié lineal multiple que tenen en
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compte I'edat i el pes, perd que resulten de poca utilitat en la practica clinica
habitual (142).

L’ecocardiograma i la RMN constitueixen altres metodes disponibles per
a l'avaluacio de la RA regional. Tot i que la mesura de la VOPa mitjangant
ecocardiograma es correlaciona amb la mesura per tonometria d’aplanament
(143), el seu Us no ha estat tan estés i I'evidéncia sobre el seu valor pronostic és
escassa (130). Per la seva banda, I'avaluacié de la VOPa mitjangant RMN
permet el registre simultani a dos punts de I'artéria aorta i la mesura exacta de
la distancia entre els dos punts d’enregistrament (144). Tanmateix, 'escassa
evidéncia disponible comparat amb altres métodes de mesura, el temps

necessari per realitzar I'exploracié i el seu cost elevat limiten el seu Us.

1.4.3. Rigidesa arterial i diabetis mellitus tipus 1

A Tl'actualitat, nombrosos estudis han confirmat l'increment de la RA
avaluada mitjangant la VOPa en adolescents i adults amb DM1 comparat amb
poblacié sense DM, inclus després d’ajustar pels FRCV (133, 145-148). Els
diferents meétodes de mesura de la VOPa, com ara la tonometria d’aplanament,
els metodes oscil-lométrics i, recentment, la RMN, han descrit aquest increment
de la RA en poblacié amb DM1. A diferéncia d’aquests resultats, Bradley et al.
no han observat diferéncies en la VOPa en adolescents amb DM1 respecte al
grup control (149).

Els parametres de l'analisi de la ona de pols, principalment I'index
d’augmentacio (IA), s’han utilitzat com a marcadors indirectes de la RA. Tot i que
alguns estudis han descrit un increment de I'lA en DM1 (150), d’altres no han
evidenciat diferéncies respecte al grup control (151). De fet, s’ha demostrat que
els valors de I'lA no es correlacionen amb la VOPa despreés d’ajustar pels FRCV
a la DM1 (152). Aixi doncs, no es recomana la determinacié de I'lA com a
substitut de la VOPa per a I'avaluacié de la RA en aquesta poblacio.

Tot i que els mecanismes responsables de lincrement preco¢ de la
rigidesa de la paret arterial es desconeixen, s’ha demostrat una associacio entre
la VOPa i els diferents FRCV classics en persones amb DM1. En primer lloc, s’ha
descrit una associaci6 entre el control glucemic i la VOPa en adolescents i adults
joves amb DM1, independentment de la resta de FRCV (153, 154). Alguns autors
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han proposat que la variabilitat glucémica podria participar en I'increment de la
RA i, al mateix temps, I'Us de la terapia amb infusor subcutani continu d’insulina
s’ha associat a un increment menor de la VOPa en adults amb DM1 (148). No
obstant aix0, estudis amb monitoritzacié continua de glucosa no han descrit una
correlacio entre les mesures de variabilitat glucémica i la VOPa (155).

Els resultats de I'estudi SEARCH for Diabetes in Youth han demostrat que
la PA i les alteracions lipidiques son factors determinants de la RA en analisis
transversals (146, 154, 156) i contribueixen a la progressio de la RA en estudis
prospectius (157). Estudis recents han demostrat una associacido entre
'increment de la VOPa i alteracions lipidiques proaterogeniques avaluades
mitjangant I'analisi de lipoproteines amb RMN en adults amb DM1, tot i presentar
un perfil lipidic convencional menys aterogénic (158). Per altra banda, els nivells
d’apolipoproteina B han esdevingut predictors de la VOPa en adolescents amb
DM1 que presenten un perfil lipidic convencional sense alteracions,
independentment dels nivells de colesterol LDL i de la resta de FRCV classics
(159).

La RI contribueix significativament a I'envelliment de la paret vascular i a
I'increment de la RA (160). S’ha demostrat que la Rl és un predictor independent
d’'increment de la VOPa durant un seguiment de 5 anys a la cohort prospectiva
de l'estudi SEARCH CVD. D’altra banda, I'adipositat central, un altre dels
components principals de la sindrome metabdlica, també s’ha associat a la RA
en poblacié adolescent amb DM1 (157, 161). Els mecanismes responsables de
la relacié entre la Rl i la RA a la DM1 no son ben coneguts. En preséncia de R,
la disminucio de la produccié d’oxid nitric depenent d’insulina a través de la via
de senyalitzacid PI3k/Akt, la inflamacio sistémica de baix grau, I'estrés oxidatiu i
I'activacio inapropiada del sistema nervidos simpatic representen alguns dels
possibles mecanismes que afavoririen I'aparicié de la RA (96, 101, 162).

Finalment, la RA es considera un signe preco¢ d’arteriosclerosi i dany
vascular (163), de manera que la seva avaluacié pot ajudar a entendre el
desenvolupament de la MCV abans de [laparicid6 dun esdeveniment
cardiovascular. De fet, la VOPa ha esdevingut un predictor independent de
mortalitat global i morbimortalitat cardiovascular en diferents poblacions (164-
167). En persones amb DM1, estudis transversals han observat una associacio
entre la VOPa i la preséncia de complicacions cardiovasculars (168). No obstant
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aix0, actualment no es disposa d'estudis prospectius que avaluin el valor

predictiu de la VOPa en aquesta poblacio.

1.5. Justificacio

En resum, la DM1 s’associa a un excés de risc de MCV no explicat
completament pels FRCV classics. S’ha demostrat que els models de prediccid
del risc de MCV convencionals subestimen el risc de presentar un esdeveniment
cardiovascular en persones amb DM1. Per aquest motiu, existeix la necessitat
d’elaborar nous models de prediccié de risc especifics per a la DM1. En aquest
sentit, 'STTRE, especificament dissenyat per aquesta poblaci6é, ha demostrat
una capacitat de discriminacié superior a la dels models de prediccio
convencionals. No obstant aixd, aquest model va ser desenvolupat i validat a
partir d’'una cohort formada per poblacié majoritariament danesa, de manera que
actualment es desconeix la seva validesa per identificar les persones amb un
risc cardiovascular elevat en arees geografiques diferents. D’altra banda,
I'STTRE té en compte un nombre considerable de variables per obtenir
I'estimacié del risc de MCV, cosa que podria desincentivar el seu Us a la practica
clinica diaria. Per aquests motius, sén necessaries noves estratégies per
simplificar i millorar I'estratificacio del risc cardiovascular.

En primer lloc, la Sle es considera un marcador util per identificar les
persones amb diabetis doble i s’ha associat de forma independent a la preséncia
de MCV en persones amb DM1. En canvi, no s’ha avaluat el seu paper potencial
com a predictor en models de risc especifics, tot i que, a dia d’avui, es disposi de
diferents equacions relativament senzilles d’aplicar. En segon lloc, la prevalenga
d'IMS és elevada a la DM1 i la seva preséncia s’associa a un pitjor pronostic, de
manera que la seva identificacio preco¢ és primordial. Malgrat aixd, no es
disposa d’evidéncia suficient per recomanar el seu cribratge rutinari ni de models
de risc especifics per identificar el subjectes amb un risc més elevat de presentar-
ne. Per ultim, la RA es considera un signe precog d’arteriosclerosi i ha demostrat
ser un predictor independent de MCV en diferents poblacions. No obstant aixo,
no existeixen estudis que avaluin el valor predictiu de la VOPa en la prediccio
del risc cardiovascular en poblacio amb DM1.
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Tenint en compte aquestes premisses, ens vam plantejar avaluar el paper
de la Sle en la prediccio del risc de MCV a 10 anys segons I'STTRE. Al mateix
temps, ens vam proposar identificar els factors predictors de la IMS, amb
especial interés en el paper de la Sle, com també elaborar el primer model de
prediccio especific per a la deteccié d'IMS en persones amb DM1 i sense MCV
previa. Finalment, vam avaluar la relacio entre la VOPa, com a signe
d’arteriosclerosi subclinica, i la prediccio del risc de MCV a 10 anys segons
I'ST1RE.
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2. Hipotesis

2. Hipotesis

Tenint en compte els aspectes desenvolupats a I'apartat anterior, les
nostres hipotesis de treball sén:

1. L’avaluacio de la Rl mitjangant la Sle permetra identificar els adults amb DM1
i sense MCYV previa que presenten un risc cardiovascular més elevat i, d’aquesta

manera, simplificara I'estratificacié del risc de MCV en aquesta poblacio.

2. La IMS sera prevalent en adults amb DM1 de > 10 anys d’evolucio i sense
MCYV prévia, i 'avaluacio de la Rl mitjangant la Sle permetra identificar aquelles
persones amb un risc més elevat de presentar-ne. Al mateix temps, I'elaboracio
del primer model especific permetra millorar la prediccié d'IMS en aquest mateix
grup d’individus, comparat amb els models de prediccio préviament existents.

3. L'avaluacié de la VOPa, com a mesura no invasiva de RA central, permetra

identificar els adults amb DM1 i sense MCV que presenten un risc cardiovascular

més elevat.
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3. Objectius

Objectiu primari

1. Avaluar el paper de la Sle en la prediccio del risc de MCV a 10 anys en
adults amb DM1 i sense MCV prévia segons I'ST1RE, com també establir
punts de tall de la Sle utils per identificar els individus amb un risc de MCV

més elevat.

Objectius secundaris

1. Avaluar la prevalenca d’IMS detectada per SPECT de perfusio
miocardiaca d’estrés en adults amb DM1 de > 10 anys d’evolucio i sense
MCV prévia, com també desenvolupar un model de prediccid de risc
especific per a la deteccié d'IMS, centrant-nos principalment en el paper
de la Sle, en aquest mateix grup d’individus.

2. Avaluar el paper de la VOPa, com a mesura no invasiva de RA central, en
la prediccio del risc de MCV a 10 anys en adults amb DM1 i sense MCV
previa segons I'STTRE, i també establir punts de tall de la VOPa utils per
identificar els individus amb un risc de MCV més elevat.
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Abstract: Background: We sought to assess the potential of insulin resistance (IR) for estimating
cardiovascular disease (CVD) risk in adults with type 1 diabetes (T1DM) according to the scores
of the Steno Type 1 Risk Engine (ST1RE). Methods: A total of 179 adults with TIDM (50.8% men,
age 41.2 + 13.1 years, duration of TIDM 16 (12-23) years) without established CVD were evaluated.
IR was assessed by the estimation of insulin sensitivity (elS) using two validated prediction
equations: the estimated insulin sensitivity developed from the Pittsburgh Epidemiology of Diabetes
Complications Study (eIS-EDC) and the estimated insulin sensitivity developed from Coronary Artery
Calcification in T1IDM Study (eIS-CACTI) ST1RE was used to estimate 10-year CVD risk and to
classify subjects into three groups according to their risk: low (<10%; n = 105), moderate (10-20%;
n =53), and high (>20%; n = 21). Results: Both eIS-EDC and eIS-CACTI correlated negatively with
ST1RE scores (eIS-EDC: r = —=0.636, p < 0.001; eIS-CACTT: r = —-0.291, p < 0.001). The C-statistic for
predicting moderate/high risk and high risk was 0.816 (95% confidence interval (CI): 0.754-0.878)
and 0.843 (95% CI: 0.772-0.913), respectively, for the eIS-EDC equation, and was 0.686 (95% CI:
0.609-0.763) and 0.646 (95% CI: 0.513-0.778), respectively, for the eIS-CACTI equation. The eIS-EDC
equation had a significantly higher C-statistic both for moderate-/high-risk (p = 0.001) and high-risk
(p = 0.007) subjects. Two cut-off points of eIS-EDC were identified for detecting moderate/high
risk (8.52 mg-kg~!-min~!; sensitivity 74% and specificity 76%) and high risk (8.08 mg-kg~!-min~1;
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sensitivity 65% and specificity 95%) with potential applicability in clinical practice. Conclusions:
elSnegatively correlates with the score of CVD risk in the ST1RE. Two cut-off points of elS are reported
with potential utility in clinical practice for detecting adults with TIDM with the highest CVD risk.

Keywords: type 1 diabetes; cardiovascular risk; steno type 1 risk engine; estimated insulin sensitivity;
insulin resistance

1. Introduction

Type 1 diabetes mellitus (T1DM) remains a serious chronic disorder with an estimated life-
expectancy loss of about 11 years in men and 13 years in women, mainly due to cardiovascular disease
(CVD), with coronary artery disease (CAD) representing up to one-third of this loss [1]. Indeed, CVD is
the leading cause of death in people with TIDM, with an estimated relative incidence 2-8 times
higher than that reported in people without the condition [2-5]. While recent epidemiological studies
have reported lower relative risk of CVD and CAD than previously described [4], CVD risk remains
unacceptably high for people with TIDM [6,7], and simple and easy-to-use scores for accurately
classifying people with TIDM according to their estimated CVD risk are still urgently needed as a first
step for decreasing CVD burden in T1IDM.

Several risk scores for estimating CVD risk have been developed both in the general population
(e.g., Framingham Risk Score) [8] and in people with type 2 diabetes (United Kingdom Prospective
Diabetes Study-UKPDS-Risk Engine) [9], but these scores clearly underestimate CVD risk in TIDM [10].
In the last 10 years, three risk scores have been specifically developed for estimating CVD risk in
people with TIDM. The first score was initially developed in the Pittsburgh Epidemiology of Diabetes
Complications (EDC) study, and was aimed to estimate CAD risk [11]. The second one, from the
Swedish National Diabetes Register, was developed in people with T1IDM with or without previous
CVD and estimated 5-year CVD risk [12]. The third risk score was developed in a large cohort
of the Steno Diabetes Center for estimating 10-year CVD risk using the Steno Type 1 Risk Engine
(ST1RE) [13]. Of note, the ST1RE was published shortly after the release from the American Heart
Association/American Diabetes Association of a Scientific Statement on TIDM and CVD in which the
need for developing such tools was specified as a priority line of research [2]. The three scores consider
4-10 clinical variables for classifying subjects according to their estimated risk, which might discourage
their routine use. In fact, none of the aforementioned risk scores seem to be used widely in clinical
practice. Consequently, from a clinical point of view, it would seem that simpler scores might be better
suited to routine clinical practice.

It is well known that some patients with TIDM can also have a certain degree of insulin resistance
(IR)—a condition that has been termed “double diabetes” [14,15]. Patients with double diabetes
have an increased risk for CVD events. The homeostasis model of assessment for insulin resistance
(HOMA-IR) [16] was developed to estimate insulin sensitivity in non-diabetic individuals and those
with non-insulin-dependent diabetes. In contrast to healthy subjects, in whom insulin secretion
adapts to insulin resistance, subjects with TIDM lack endogenous insulin secretion, and therefore
measurements of insulin concentrations by immunoassays or by insulin resistance indices such as
HOMA-IR are not helpful in assessing insulin sensitivity [17,18]. Since 2000, several equations have
been developed and validated against data from euglycemic-hyperinsulinemic clamp tests (the gold
standard) to estimate whole-body insulin sensitivity or its inverse function, insulin resistance, in this
population [19-21]. In contrast to the aforementioned scores for estimating CVD risk, these equations
need fewer clinical characteristics to be run, ranging from 3 to 5, which could be an advantage for
their implementation in clinical practice if they are proven to be good tools for estimating CVD risk.
To the best of our knowledge, however, no previous attempt has been made to evaluate the potential
relationship between the estimation of insulin sensitivity (eIS) and the estimated CVD risk assessed by
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risk prediction models in TIDM. Accordingly, the present study aimed to explore the potential of the
estimation of IR (or its inverse function: -elS-) for the prediction of 10-year CVD risk in adults with
T1DM according to the scores of the ST1RE. For this purpose, we evaluated a group of adults with
T1DM with similar clinical characteristics to those of the cohort of the Steno Diabetes Center where the
ST1RE was developed.

2. Methods

2.1. Study Subjects

One hundred and seventy-nine patients aged 18-65 years, with TIDM of at least 10 years
duration and without established CVD (CAD, cerebrovascular accident, or peripheral artery disease),
were included in the study. Subjects were consecutively recruited from our outpatient clinic. Exclusion
criteria included the following: (i) chronic kidney disease (estimated glomerular filtration rate
(CKD-EPI equation [22]) <60 mL/min/1.73 m?), (ii) any other acute/chronic condition associated with
an inflammatory response (e.g., acute or chronic inflammatory or infectious diseases), (iii) use of
anti-inflammatory drugs in the previous 6 months, (iv) malignant disease in the previous 5 years
(except basal cell carcinoma), (v) hospitalization in the previous 2 months, (vi) arrhythmia (other than
atrial premature complex), and (vii) pregnancy. The study protocol was approved by our hospital
ethics committee (Parc Tauli Research Ethics Committee, reference number 2013563, date of approval
18/6/2013) and conducted in accordance with the Declaration of Helsinki. All subjects gave their written
informed consent before participating in the study.

2.2. Study Design

The study methods have been previously described in detail [23]. All subjects underwent
standardized clinical 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 males and 65 in female first-degree relatives),
physical activity (International Physical Activity Questionnaire) [24], 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, HbA, creatinine,
and lipid profile were determined. Hypertension was defined as BP > 140/90 mmHg [25] and/or
taking antihypertensive drugs. Dyslipidemia was defined as having concentrations of total cholesterol
> 200 mg/dL, triglycerides > 150 mg/dL, HDL-cholesterol < 40 mg/dL, LDL-cholesterol > 130 mg/dL [26],
and/or receiving drug treatment for dyslipidemia.

2.2.1. Laboratory Analyses

HbA;. was determined by high-performance liquid chromatography (Menarini Diagnostics,
Firenze, Italy). Total serum cholesterol, triglycerides, and HDL-cholesterol were measured using
standard enzymatic methods. LDL-cholesterol was estimated with the Friedewald formula [27].

2.2.2. Insulin Resistance

Two different equations previously developed and validated against euglycemic-hyperinsulinemic
clamp data in two independent studies (Pittsburgh EDC Study and Coronary Artery Calcification
in Type 1 Diabetes -CACTI- Study) for estimating IR in adults with TIDM were used in the present
study. As both equations provide an elS, the lower the elS, the higher the IR. The EDC equation
was initially developed in the Pittsburgh EDC Study [19] and subsequently adapted by Kilpatrick
et al. for the use of HbA;, instead of HbA; in the DCCT/EDIC cohort [28]. The EDC equation
considers glycemic control, waist-to-hip ratio (WHR) and BP (eIS-EDC = 24.31 — 12.22 x (WHR) -
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3.29 X (hypertension 0 = No; 1 = Yes) — 0.57 X (HbA;, %)) [28]. The CACTI equation considers waist
circumference, daily insulin dose per kilogram body weight, triglycerides and DBP (eIS-CACTI =
4.1075 — 0.01299 x (waist, cm) — 1.05819 X (insulin dose, UI~kg_1'day_1) — 0.00354 x (triglycerides,
mg/dL) — 0.00802 x (DBP, mmHg)) [21].

2.2.3. Assessment of Microvascular Complications

Peripheral polyneuropathy was assessed through a previously described two-step protocol
combining the 15-item Michigan Neuropathy Screening Instrument questionnaire and a physical
examination [29]. The same ophthalmologist, who was unaware of the clinical characteristics of
participants, always evaluated the presence and degree of diabetic retinopathy. Subjects were classified
into the following 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. Subjects with a ratio greater than 30 mg/g [30], or previously treated
with converting enzyme inhibitors or angiotensin receptor blockers (for microalbuminuria or
macroalbuminuria), were classified as having diabetic nephropathy.

2.2.4. Steno Type 1 Risk Engine

The clinical characteristics of subjects included in the present study were used to estimate their
10-year risk of CVD events according to the ST1RE [13], accessible at www.sdcc.dk/T1riskengine.
The STIRE considers the following clinical characteristics: age, sex, smoking habit, exercise,
T1DM duration, SBP, LDL-cholesterol, HbA;, estimated glomerular filtration rate (CKD-EPI equation),
and micro/macroalbuminuria. Based on the obtained score, subjects were classified into 3 groups
according to their risk: low (<10%; n = 105), moderate (10-20%; n = 53), and high (>20%; n = 21).

2.3. Statistical Analyses

All data were tested for normality using the Shapiro-Wilk test. Data are presented as percentages,
means (standard deviation (SD)) for normally distributed quantitative variables, or medians
(interquartile ranges) for non-normally distributed quantitative variables. Non-normally distributed
quantitative variables were used after performing a logj( transformation. One-way analysis of variance
(ANOVA) or the Kruskal-Wallis test was used for comparisons between groups of normally and
non-normally distributed quantitative variables, as needed. The Bonferroni procedure (parametric) and
the Dunn’s test (non-parametric) were used for post hoc analyses for multiple comparisons. Spearman
coefficients were calculated to assess potential correlations among variables of interest. Multivariate
linear regression analyses were performed to assess the potential independent relationships between
10-year CVD risk according to the STIRE and the eIS-EDC and the eIS-CACTI equations. We tested
both eIS-EDC and eIS-CACTI for discrimination using the C-statistic from logistic regression models.
The C-statistic, also known as the area under the receiver-operating characteristic (ROC) curve (AUC),
is an overall measure of goodness of fit for binary outcomes. Thus, it represents the probability that
a randomly selected subject who experienced the outcome will have a higher predicted probability
of having the outcome occur than a randomly selected subject who did not experience the outcome.
ROC curves were constructed to represent C-statistic values and the prediction of 10-year CVD risk
in the STIRE. ROC curves were plotted for both moderate/high- and high-risk groups according to
either eIS-EDC or eIS-CACTI results. Subsequently, the equality between the different ROC curve
areas obtained with eIS equations for each risk group was tested. The best elS cut-off point for each
equation and each risk group was selected based on the Youden Index calculation. Two-tailed p-values
< 0.05 were considered statistically significant. The calculations and figures were made using STATA
v.13.1 for Mac (StataCorp LP, College Station, TX, USA) and GraphPad Prism software v 6.0 for Mac
(GraphPad Software Inc., San Diego, CA, USA).
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3. Results

A total of 179 patients with TIDM were included in the study. Their main clinical characteristics
stratified by estimated CVD risk (low, moderate, and high) are shown in Table 1. When compared
with the low- and moderate-risk groups, subjects in the high-risk group were older and had a higher
prevalence of hypertension and dyslipidemia. They also had worse glycemic control, longer diabetes
duration, higher prevalence of microvascular complications, and greater higher body-mass index and
WHR. Finally, eIS decreased as estimated CVD risk increased (Figure 1, panel A and B).

Table 1. Clinical and metabolic characteristics of patients with type 1 diabetes stratified by 10-year
cardiovascular disease (CVD) risk according to the Steno Type 1 Risk Engine.

Whole Population Low-Risk Moderate-Risk High-Risk

(1=179) (n = 105) (n=53) (=21 p for Trend
Clinical Characteristics
Age (Years) 41.2(13.1) 32.5(8.3) 50.8 (6.0) * 60.7 (6.6) 4 <0.001
Sex (Male/Female), n 91/88 52/53 29/24 10/11 NS
Current Smokers, 1 (%) 57 (31.8) 31.0 (29.5) 21(39.6) * 5(23.8) 0.012
Regular Exercise, 11 (%) 142 (79.3) 86 (81.9) 40 (75.5) 16 (76.2) 0.597
Family History of Premature
CVD, 1 (%) 16 (8.9) 7(6.7) 6(11.3) 3(14.3) NS
Family History of T2DM, 7 (%) 37 (20.7) 16 (15.2) 15 (28.3) 6 (28.6) NS
Hypertension, 7 (%) 49 (27.4) 15 (14.3) 20 (33.7) * 14 (66.7) 14 <0.001
Dyslipidemia, 1 (%) 98 (54.6) 40 (38.1) 40 (75.5) * 18(85.7) <0.001
Diabetes
Diabetes Duration (years) 16 (12-23) 14 (20-22) 18 (15-27) * 20 (15-29) * <0.001
Total Insulin Doses (Ul/kg-day) 0.6 (0.5-0.8) 0.6 (0.5-0.8) 0.7 (0.6-0.8) 0.6 (0.5-0.7) NS
M‘Cm"asculir(g?mphcam’ns' 68 (38.4) 28(27.2) 23 (43.4) 18 (81.0) <0.001
Retinopathy, 1 (%) NS
None, 1 (%) 138 (77.1) 86 (81.9) 40 (75.5) 12 (57.1)
Non-Proliferative, 1 (%) 20 (11.2) 9 (8.6) 6 (11.3) 5(23.8)
Proliferative, 11 (%) 21 (11.7) 10 (9.5) 7(13.2) 4(19.1)
Nephropathy, 1 (%) 41 (23.2) 14 (13.6) 15 (28.3) 12 (57.1) t4 <0.001
Neuropathy, 1 (%) 7(3.9) 1(1.0) 3(5.7) 3(143)* 0.011
Anthropometric Measurements
Weight (kg) 71.7 (13.0) 69.8 (12.4) 75.2 (14.3)* 72.0 (10.7) 0.045
BMI (kg/mz) 254 (3.7) 24.3(3.2) 26.6(3.8)* 27.8 (4.4)* <0.001
Waist-to-hip ratio 0.88 (0.81-0.94) 0.84 (0.77-0.90) 0.93 (0.86-0.99) * 0.94 (0.90-0.98) * <0.001
Blood Pressure
SBP (mmHg) 125.6 (12.1) 121.8 (11.0) 128.8 (11.2) * 136.9 (10.7) 4 <0.001
DBP (mmHg) 72.0 (8.9) 70.1 (8.2) 744 (87)* 75.7 (10.1) 0.002
MAP (mmHg) 89.9 (9.1) 87.3 (8.4) 92.5 (8.5) 96.1 (9.6) <0.001
Laboratory Parameters
Fasting Plasma Glucose (mmol/L) 8.2 (3.8) 7.8 (3.5) 8.4 (3.8) 9.5 (4.5) NS
HbA1. (%) 7.8 (1.0) 7.6 (1.0) 8.0 (1.0) 85 (L1t <0.001

HbA;. (mmoL/moL) 61.8 (11.4) 59.2 (11.0) 63.7 (10.5) 69.9 (11.6)

Urinary ACR (mg/g) 4.7 (2.7-10.6) 4.1(24-7.7) 6.1 (3.0-9.8) 14.0 (5.3-54.0) '+ <0.001
eGFR (mL-min~1-1.73m™2) 103.4 (91.2-113.6) 108.7 (05.0-117.7)  99.2 (91.8-104.0)*  83.2 (73.3-93.6) T4 <0.001
Total Cholesterol (mg/dL) 1779 (15852010)  1740(1547-1972) 6138_12'21 y  19720701-2243) NS
HDL-Cholesterol (mg/dL) 65.7 (50.3-77.3) 61.9 (50.3-73.5) 65.7 (54.1-81.2) 65.7 (58.0-85.1) 0.40
LDL-Cholesterol (mg/dL) 96.7 (81.2-112.1) 96.7 (85.1-112.1) 92.8 (81.2-108.3)  100.5 (88.9-119.9) NS

Triglycerides (mg/dL) 64.6 (53.1-79.7) 63.8 (47.8-77.9) 64.7 (55.8-79.7) 67.3 (60.2-97.4) NS
Estimated Insulin Sensitivity
eIS-EDC (mg-kg™!min~1) 8.6 (6.1-10.0) 9.5 (8.4-10.4) 6.9 (5.4-8.8) * 5.6 (4.1-6.8) 4 <0.001
elS-CACTI (mg-kg'l-min'l) 44 (34-55) 49 (3.5-6.0) 4.0(3.34.6)* 3.6 (2.7-5.0) <0.001

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. eGFR: estimated glomerular
filtration rate. HDL: high-density lipoprotein. LDL: low-density lipoprotein. eIS-EDC: estimated insulin sensitivity
developed from the Pittsburgh Epidemiology of Diabetes Complications Study. eIS-CACTI: estimated insulin
sensitivity developed from Coronary Artery Calcification in TIDM Study.* p < 0.05 for moderate-risk compared with
low-risk; T p < 0.05 for high-risk compared with low-risk; and * p < 0.05 for high-risk compared with moderate-risk.
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Figure 1. Comparison of eIS-EDC (estimated insulin sensitivity developed from the Pittsburgh
Epidemiology of Diabetes Complications Study) (A) and eIS-CACTI (estimated insulin sensitivity
developed from Coronary Artery Calcification in TIDM Study) (B) for the Steno Type 1 Risk Engine
low (<10%), moderate (10-20%) and high-risk (>20%) groups. Spearman correlation coefficient for the
association between eIS-EDC (C) and eIS-CACTI (D) and Steno Type 1 Risk Engine risk score.

Spearman coefficients for correlations of eIS-EDC and eIS-CACTI with clinical characteristics are
shown in Table 2. In univariate analyses, both eIS-EDC and eIS-CACTI correlated negatively with the
ST1RE score (eIS-EDC: r = —0.635, p < 0.001; eIS-CACTI: r = —0.291, p < 0.001) (Figure 1, panel C and D).
In addition, a positive correlation between eIS-EDC and eIS-CACTI was found (r = 0.487, p < 0.001).
The correlation between the eIS-EDC with the ST1RE score was maintained (beta = —0.231; p = 0.011)
after adjusting for the rest of traditional cardiovascular risk factors (age, gender, smoking, hypertension,
dyslipidemia, and BMI). Nevertheless, the association between the eIS-CACTI with the ST1RE score
was lost (beta = —0.104; p = 0.061).

To evaluate the potential of eIS for predicting the estimated CVD risk according to the ST1RE,
we developed one regression model for moderate/high-risk patients and another for high-risk patients.
The C-statistic of eIS-EDC was 0.816 (95% confidence interval (CI): 0.754-0.878) for predicting
moderate/high risk and 0.843 (95%CI: 0.772-0.913) for predicting high risk according to the STIRE
(Figure 2, panel A and C). The best cut-off points of eIS-EDC were 8.52 mg-kg~!-min~! (sensitivity
74%; specificity 76%) and 8.08 mg-kg~!-min~! (sensitivity 65%; specificity 95%) for moderate/high and
high risk, respectively. The C-statistic of e[S-CACTI was 0.686 (95%CI: 0.609-0.763) for predicting
moderate/high risk and 0.646 (95%CI: 0.513-0.778) for predicting high risk (Figure 2, panel B and
D). The best cut-off points of eIS-CACTI were 4.66 mg-kg™'min~! (sensitivity 58%; specificity
79%) and 3.43 mg-kg~!-min~! (sensitivity 78%; specificity 50%) for moderate/high and high risk,
respectively. The area under the ROC curve for predicting the estimated CVD risk (according to the
ST1RE) was significantly higher for the els-EDC equation than for the eIS-CACTI equation, both for
moderate/high-risk subjects (0.816 vs. 0.686; p = 0.001) and for high-risk subjects (0.843 vs. 0.646;
p = 0.007).
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Table 2. Spearmen coefficients (rho) for correlations of the two estimated insulin sensitivity equations
with clinical factors.

eIS-EDC elS-CACTI
rho P rho P
Clinical Characteristics
Age (Years) —0.545 <0.001 —-0.189 0.012
Female Sex 0.382 <0.001 0.338 <0.001
Family History of T2DM -0.079 0.296 —-0.082 0.275
Hypertension -0.726 <0.001 -0.135 0.072
Dyslipidemia —-0.382 <0.001 —-0.308 <0.001
Diabetes
Diabetes Duration (Years) —-0.255 <0.001 —-0.010 0.891
Total Insulin Doses (Ul/kg-day) -0.092 0.223 —-0.744 <0.001
Microvascular Complications —-0.490 <0.001 —0.045 0.551
Retinopathy —0.251 <0.001 —-0.014 0.859
Nephropathy —-0.580 <0.001 -0.113 0.137
Peripheral Neuropathy —-0.058 0.444 -0.057 0.453
Anthropometric Measurements
Weight (kg) -0.333 <0.001 —-0.543 <0.001
BMI (kg/m?) —-0.380 <0.001 —-0.507 <0.001
WHR —0.748 <0.001 —-0.563 <0.001
Blood Pressure
SBP (mmHg) —0.435 <0.001 —-0.359 <0.001
DBP (mmHg) —0.422 <0.001 —-0.382 <0.001
Laboratory Parameters
HbA;. (%) 0354 <0001  -0280  <0.001
Urinary ACR (mg/g) —-0.125 0.095 0.048 0.523
Total Cholesterol (mg/dL) 0.002 0.980 —-0.020 0.824
HDL-Cholesterol (mg/dL) 0.156 0.078 0.365 <0.001
LDL-Cholesterol (mg/dL) —-0.049 0.583 —-0.100 0.259
Triglycerides (mg/dL) -0.207 0.019 -0.550 <0.001
Steno Type 1 Risk Engine
STIRE Score —0.635 <0.001 —-0.291 <0.001
Estimated Insulin Sensitivity
elS-EDC (mg-kg™!min~1) - - 0.487 <0.001
elS-CACTI (mg-kg ™' 'min~1) 0.487 <0.001 - -

T2DM: type 2 diabetes mellitus. BMI: body mass index. WHR: waist-to-hip ratio. SBP: systolic blood pressure.
DBP: diastolic blood pressure. ACR: urinary albumin to creatinine ratio. ST1RE: Steno Type 1 Risk Engine.
eIS-EDC: estimated insulin sensitivity developed from the Pittsburgh Epidemiology of Diabetes Complications
Study. eIS-CACTI: estimated insulin sensitivity developed from Coronary Artery Calcification in TIDM Study.
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Figure 2. ROC curves for eIS-EDC and eIS-CACTT to identify cardiovascular risk according to the Steno
Type 1 Risk Engine for moderate/high (A,B) and high-risk (C,D) groups.

4. Discussion

The present study shows that, among adults with TIDM and no previous clinical CVD, elS is
negatively associated with estimated 10-year CVD risk in the STIRE. Additionally, we provide two
cut-off points of eIS-EDC, which outperformed the eIS-CACTI equation, for detecting adults with
T1DM at the highest CVD risk. These cut-off points only require three standard clinical characteristics
to be calculated, which could be important for their implementation in routine clinical practice.

From a clinical perspective, the only available tool for estimating 10-year CVD risk in subjects
with T1DM and no previous CVD events was the STIRE [13]. Most of the clinical characteristics of
subjects in the present study are quite similar to those of the Steno Diabetes Center cohort where
the STIRE was initially developed, supporting the use of the STIRE in our study. These clinical
characteristics were age, proportion of men, diabetes duration, body-mass index, regular exercise,
proportion of people with hypertension, lipid profile, and estimated glomerular filtration rate. Because
most of these characteristics influence insulin sensitivity, the negative correlation found between
the scores of the STIRE and the eIS and the good accuracy of the ROC curves was not surprising.
Nevertheless, the correlation was much higher when using the eIS-EDC equation (r = —0.635) than when
using the eIS-CACTI equation (r = —0.291) and was even maintained after adjusting for traditional
cardiovascular risk factors. In addition, the eIS-EDC equation also outperformed eIS-CACTI in
terms of C-statistic of the ROC curves, making its cut-off points superior for detecting subjects
at the highest CVD risk. The differences between the two equations for eIS could be driven by
how the euglycemic-hyperinsulinemic clamp studies were performed in the different studies [19,21].
Indeed, the total infused dose of insulin when validating the eIS-CACTI equation was much lower than
that used when validating the eIS-EDC, which would have led to an incomplete suppression of hepatic
glucose production and, consequently, to an underestimation of insulin sensitivity. This possibility is
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supported by the numbers given by the eIS-CACTI equation, which are much lower than those given
by the eIS-EDC equation.

Simple and easy-to-use tools are essential in clinical practice for the routine measurement of
variables. In this line, several equations have been developed for quantifying eIS [19-21], but only
the two tested in the present study (eIS-EDC and eIS-CACTI) were specifically developed in adults
with TIDM. Both equations require fewer clinical variables than the STIRE. We show that the eIS-EDC
performs much better than the eIS-CACTI for estimating 10-year CVD risk in the STIRE, which would
support its use in clinical practice after validation in independent cohorts.

From a pathophysiological perspective, our results are consistent with the recognized fact that
IR is associated with higher CVD risk in T1DM [15]. In fact, in the prospective DCCT/EDIC cohort,
some clinical characteristics clearly associated with IR, including increased HbA;, BP, or body weight
gain, were associated with an increase in the risk of CVD events [31,32]. In addition, and as mentioned
above, most clinical characteristics associated with higher CVD risk in the ST1RE are associated with
higher IR levels, such as age, smoking, TIDM duration, systolic blood pressure, HbA;., estimated
glomerular filtration rate, or albuminuria, supporting the potential role of IR in the prediction of CVD
in TIDM.

The IR calculated from the eIS-EDC equation has previously been shown to be independently
associated with a higher risk of CAD events in the Pittsburgh EDC Study [33], a higher risk of CVD
events in the DCCT/EDIC Study [28], with preclinical carotid atherosclerosis [34] and even a higher
risk of silent myocardial ischemia in a small cross-sectional study [35]. Likewise, the IR calculated
from the eIS-CACTI equation has been independently associated with a higher risk of coronary artery
calcifications [36,37]. Indeed, it has been suggested that IR could be even more important than HbA
for the prediction of CVD risk [15]. Consequently, some features have been proposed to identify
people with highest IR (i.e., those with so-called double diabetes), such as the need for higher doses of
insulin with progressive central obesity development, the presence of family history of type 2 diabetes,
the presence of hypertension, and relatively lower levels of HDL-cholesterol or lower values for elS.

There are some limitations in the present study that are worthy of mention. First, the study
was small and cross-sectional, and a larger and prospective cohort with CVD outcomes would have
been the ideal design. Instead, we took advantage of the clinical characteristics of our study subjects
for estimating their 10-year CVD according to the ST1RE. Second, the study used equations for eIS
previously validated against the euglycemic-hyperinsulinemic clamp, and it would have been better to
develop such a type of equation in a subgroup of the evaluated subjects. Nevertheless, the negative
correlation between eIS and CVD risk was found with both equations used for elS calculations,
which supports the reported results. Last but not least, the present results need to be confirmed in
larger groups of adults with T1DM, especially in prospective cohorts of subjects with TIDM.

5. Conclusions

In conclusion, we show that elS is negatively associated with estimated 10-year CVD risk according
to the ST1RE in people with TIDM and no previous clinical CVD. In addition, we provide two cut-off
points of eIS-EDC that could be of interest in routine clinical practice as only three routine clinical
characteristics need to be calculated (HA1lc, WHR, and hypertension). We are aware that more studies
are warranted to confirm these results, especially in large prospective cohorts of people with TIDM in
which CVD outcomes are recorded in a pre-specified manner.
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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, TIDM duration: 19.0(15.9-27.5) years and eGDR 7.8(5.5-9.4)mg-kg™"-min”"]. Of these,
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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 (TIDM)[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 TIDM
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 TIDM 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 T1IDM) 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 T1IDM
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 TIDM [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 TIDM 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 TIDM of at least 10-year duration and without
established CVD (CAD, cerebrovascular accident or peripheral artery disease) were included
in the study. Subjects with TIDM 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 m?), 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 Tauli 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, HbA,, 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. HbA, 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 HbA, rather than HbA, 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*(HbA,.))[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,
aPWYV 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 SphygmoCor™ system (AtCor Medical Pty
Ltd, West Ryde (Sydney), NSW, Australia). Those aPWV recordings not satisfying the auto-
matic quality controls specified by the SphygmoCor™ 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
MBgq, 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 QGS™ (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 TIDM 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 % 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 log,o-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 TIDM (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 TIDM 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 (HbA,: 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 aBPWV between groups (p = 0.885). In the
univariate analyses, SMI was associated with SBP (OR = 1.062, p = 0.049), HbA,. (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
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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 (Ul/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 irements
Weight (kg) 71.8(13.5) 72.3(13.4) 68.4 (15.2) 0.400
BMI (kg/m?) 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
HbA (%) 7.9(7.1-8.7) 7.7 (7.1-8.6) 8.3(7.9-9.4) 0.053
HbA; (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"-min’") 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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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 1I. 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

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 TIDM. 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 T1IDM through a strategy focused on accurate, cost-effective detection of SML

Studies evaluating the prevalence of SMI in subjects with TIDM 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 TIDM and without macro-vascular complications [9]. Sultan et al. described a prevalence
of 22% using stress MPI tests in 135 asymptomatic patients with TIDM (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 TIDM 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 T1IDM compared with the general population, where it is considered to affect
1-4% of subjects [12]. However, at the moment there are no specific reccommendations for
SMI screening in TIDM. Consequently, the ADA/AHA guidelines recommend performing
additional CAD testing on any patient (including those with TIDM) 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,
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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 (Ul/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/m?) 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
HbA1¢ (%) 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"-min’") 0.671 (0.485-0.928) 0.016
aPWV (m/s) 1.111 (0.838-1.474) 0.464

OR: Odds ratio. 95% Cl: 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 Ill. 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

which could hamper any significant advance in CAD care in diabetes, especially in TIDM.

Firstly, these models do not identify a substantial proportion of T1IDM 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,
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Table 3. Best multiple logistic regression model for predicting silent myocardial ischemia.

LR x213.19, p=0.001
eGDR

Current smokers
Constant

Coefficient SE (95% ClI) OR P
-0.593 0.211 -1.006 --0.179 0.553 0.005
2.074 0.880 0.350-3.799 7.964 0.018
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 (¢GDR), age, sex
(male/female), BMI, smoking habit, dyslipidaemia (No/Yes), diabetic retinopathy and peripheral neuropathy (No/Yes).

https://doi.org/10.1371/journal.pone.0174640.1003

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 TIDM
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 TIDM 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 TIDM 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 TIDM.

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 TIDM 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 TIDM 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 T1IDM and microvascular
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Sensitivity %

Sensitivity%
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Sensitivity%

100

100% - Specificity%

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% Cl: 0.545-0.830,
p =0.122)]. 1B) Comparison with the UKPDS Risk Score [0.833 (95% Cl: 0.692—0.974) vs. 0.559 (95% ClI:

0.424-0.693), p = 0.001]. 1C) Comparison with the EDC Risk Score [0.833 (95% Cl: 0.692—-0.974) vs. 0.558
(95% CI: 0.352-0.763), p = 0.027].

https://doi.org/10.1371/journal.pone.0174640.9001
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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 TIDM duration of more than 10 years. This fact lowers
the range of TIDM 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 TIDM 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 T1IDM, 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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Abstract

Objectives

Currently used risk scores for type 2 diabetes mellitus (T2DM) clearly underestimate cardio-
vascular risk in type 1 diabetes (T1DM). Hence, there is a need to develop novel and specific
risk-estimation tools for this population. We aimed to assess the relationship between the
Steno Type 1 Risk Engine (ST1RE) and arterial stiffness (AS), and to identify potential cut-
off points of interest in clinical practice.

Design and methods

A total of 179 patients with T1DM (50.8% men, mean age 41.2+13.1 years), without estab-
lished cardiovascular disease, were evaluated for clinical and anthropometric data (includ-
ing classical cardiovascular risk factors), and AS measured by aortic pulse-wave velocity
(aPWV). The ST1RE was used to estimate 10-year cardiovascular risk and patients were
classified into 3 groups: low- (<10%; n = 105), moderate- (10—20%; n = 53) and high-risk
(>20%; n=21).

Results

When compared with the low- and moderate-risk groups, patients in the high-risk group
were older, had higher prevalence of hypertension, dyslipidemia and insulin-resistance, and
had higher body-mass index and HbA ;. aPWYV increased in parallel with estimated cardio-
vascular risk (6.4+1.0, 8.4+1.3 and 10.3+2.6m/s; p<0.001). As an evaluation of model
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performance, the C-statistic of aPWV was 0.914 (95% confidence interval [C1]:0.873-0.950)
for predicting moderate/high-risk and 0.879 (95%CI:0.809—-0.948) for high-risk, according to
the ST1RE. The best cut-off points of aPWV were 7.3m/s (sensitivity:86%, specificity:83%)

and 8.7m/s (sensitivity:76%, specificity:86%) for moderate/high- and high-risk, respectively.

Conclusions

AS is highly correlated with the scores obtained from the ST1RE. We have identified two
cut-off points of AS that can clearly discriminate moderate/high- and high-risk T1DM
patients, which could be of great value in clinical practice.

Introduction

Cardiovascular disease (CVD) is the leading cause of death in patients with type 1 diabetes
mellitus (TIDM) [1], with coronary artery disease (CAD) as the principal manifestation [2].
Indeed, the relative risk of death from CAD in T1DM can be ten times greater than that in the
non-diabetic population, especially in women, and it is even greater than the relative risk in
type 2 diabetes (T2DM) [1, 3]. Moreover, TIDM causes a life expectancy loss of about 11 years
for men and 13 years for women, with the largest percentage of the estimated loss in life expec-
tancy related to ischemic heart disease (up to one-third) [4].

Arterial stiffness is an early indicator of arteriosclerosis and vascular damage [5] and,
accordingly, it’s analysis could provide insights into arteriosclerotic mechanisms long before
any cardiovascular event occurs. Arterial stiffness predicts cardiovascular events indepen-
dently of classical cardiovascular risk factors in several populations [6-8], and its estimation
has been demonstrated to improve cardiovascular risk prediction beyond the Framingham
Risk Score [9, 10]. However, prospective studies assessing the prognostic value of aortic pulse
wave velocity (aPWV), a marker of arterial stiffness, in subjects with TIDM are lacking.

Several risk scores have been developed to predict CVD both in the general population and
specifically in patients with T2DM. However, neither general (Framingham Risk Score) nor
T2DM (UKPDS Risk Engine) risk algorithms are sufficiently robust for risk prediction in
T1DM [11, 12]. Accordingly, the Scientific Statement from the American Heart Association
and the American Diabetes Association on CVD points to the need for novel risk-estimation
tools for better prediction of cardiovascular events in TIDM and suggests the use of models
specifically obtained from T1DM cohorts [2], such as the Steno Type 1 Risk Engine (STIRE).

Against this background, the aims of the present study were to assess the relationship
between the ST1RE and preclinical atherosclerosis measured as arterial stiffness, and to iden-
tify potential cut-off points of interest in clinical practice.

Material and methods

Study subjects

One hundred and seventy-nine patients aged 18-65 years, with TIDM and without established
CVD were included in the study. Patients were consecutively recruited from our outpatient
clinic from November 2008 to February 2014. TIDM was defined as an onset of diabetes
before the age of 36 years and undetectable fasting levels of serum C-peptide (<0.6 ng/mL).
Exclusion criteria included the following: i) presence of previous clinical CVD (CAD, cerebro-
vascular disease or peripheral artery disease) based on clinical registers, previous personal
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history of CVD and/or the presence of suggestive symptoms, ii) abnormal resting ECG, iii)
any other acute/chronic condition associated with an inflammatory response (e.g., acute or
chronic inflammatory or infectious diseases), iv) use of anti-inflammatory drugs in the previ-
ous 6 months, v) malignant disease in the previous 5 years (except basal cell carcinoma), vi)
hospitalization in the previous 2 months, vii) arrhythmia (other than atrial premature com-
plex), and viii) pregnancy. The study protocol was approved by our hospital ethics committee
(Parc Tauli Research Ethics Committee) and was conducted in accordance with the Declara-
tion of Helsinki. All subjects gave their written informed consent before participating in the
study.

Study design

All subjects underwent standard anamnesis and physical examination, as previously described
[13, 14]. 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 males and 65 in female first-degree relatives), physical activity (International Phys-
ical Activity Questionnaire) [15], active smoking, alcohol intake, insulin dose, and the use of
any other medication. Body weight, height, and waist and hip circumference 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. Venous blood samples were
taken after an overnight fast and complete blood counts, fasting plasma glucose, HbA,, creati-
nine and lipid profile were determined. Hypertension was defined as BP >140/90 [16] and/or
taking antihypertensive drugs. Dyslipidemia was defined as having concentrations of total cho-
lesterol >5.2mmol/L, triglycerides >1.7 mmol/L, HDL-cholesterol <1.03mmol/L, LDL- cho-
lesterol >3.4mmol/L [17] and/or receiving drug treatment for dyslipidemia.

Laboratory analyses

HbA, . was determined by high-performance liquid chromatography (Menarini Diagnostics,
Firenze, Italy). Total serum cholesterol, triglycerides and HDL-cholesterol were measured
using standard enzymatic methods. LDL-cholesterol was estimated with the Friedewald for-
mula [18].

Insulin resistance

To estimate insulin resistance, we used the formula proposed by Williams et al. for patients
with TIDM [19], subsequently adapted for the use of HbA . rather than HbA, by Kilpatrick

et al. for its use in the DCCT/EDIC cohort [20]. It yields an estimate of the glucose disposal
rate (eGDR), taking into account glycemic control, waist-to-hip ratio (WHR) and blood pres-
sure (eGDR = 24.31-12.22 x [WHR] - 3.29 x [hypertension 0 = No; 1 = Yes] - 0.57 x [HbA,])
[20]. The formula was validated against euglycemic-hyperinsulinemic clamp in a group of
patients with T1DM clinically similar to those evaluated in the present study. Lower eGDR val-
ues 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 questionnaire and a physical examination [21]. The same oph-
thalmologist evaluated the presence and degree of diabetic retinopathy in all patients, who
were then classified into the following three groups according to the degree of retinopathy: no
retinopathy, non-proliferative retinopathy, or proliferative retinopathy. Nephropathy was
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assessed by the measurement of the urinary albumin/creatinine ratio. Subjects with a ratio
greater than 3.4 mg/mmol [22], or previously treated with converting enzyme inhibitors or
angiotensin receptor blockers (for microalbuminuria or macroalbuminuria), were classified as
having diabetic nephropathy.

Measurement of arterial stiffness

We measured aPWYV, a gold standard for measuring arterial stiffness, as reccommended by cur-
rent international consensus [23]. The method has been previously described in detail [14].
Briefly, alPWV 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
three-lead electrocardiography using the SphygmoCor system (AtCor Medical Pty Ltd., West
Ryde (Sydney), NSW, Australia). Those aPWV recordings not satisfying the automatic quality
controls specified by the SphygmoCor software were rejected. The mean of two aPWV mea-
surements was used for each subject for all calculations. Data were available for all the partici-
pants included in the study.

Steno Type 1 Risk Engine

Our data were used to calculate the 10-year probability of CVD according to the STIRE [12].
This score considers the following variables: age, gender, smoking habit, exercise, TIDM dura-
tion, systolic blood pressure, LDL-cholesterol, HbA, renal function and micro-/macroalbu-
minuria. Based on the score obtained, patients were classified into 3 groups: low- (<10%;

n = 105), moderate- (10-20%; n = 53) and high-risk (>20%; n = 21).

Statistical analyses

All data were tested for normality using the Shapiro-Wilk test. Data are presented as percent-
age, mean (standard deviation) for normally distributed quantitative variables, or median
(interquartile range) for non-normally distributed quantitative variables. One-way analysis of
variance (ANOVA) or the Kruskal-Wallis test was used for comparisons between groups of
normally and non-normally distributed quantitative variables, as needed. The Bonferroni pro-
cedure (parametric) and the Dunn’s test (non-parametric) were used for post hoc analyses for
multiple comparisons. We tested aPWV discrimination using the C-statistic derived from the
logistic regression models. Receiver-operating characteristic (ROC) curves were developed to
represent the prediction of 10-year probability of CVD risk (based on the equation obtained
from ST1RE), in which sensitivity is plotted as a function of 1-specificity, for both moderate/
high- and high-risk groups. The best aPWV cut-off point was selected based on the Youden
index calculation. Two-tailed p-values <0.05 were considered statistically significant. All cal-
culations were made using STATA v.13.1 for Mac (StataCorp LP, College Station, TX, USA).

Results

A total of 179 patients with TIDM were included. The main clinical and analytical characteris-
tics of the study population, stratified by CVD risk (low, moderate and high), are shown in
Table 1. When compared with the low- and moderate-risk groups, patients in the high-risk
group were older and had a higher prevalence of hypertension and dyslipidemia. They also
had a higher body-mass index (BMI), higher insulin resistance, worse glycemic control and
higher prevalence of microvascular complications. aPWV increased in parallel with estimated
cardiovascular risk (Fig 1, panel A).
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Table 1. Clinical and metabolic characteristics of patients with type 1 diabetes stratified by 10-year CVD risk according to the Steno Type 1 Risk Engine.

Whole population (n = 179) ‘ Low-risk (n = 105) ‘ Moderate-risk (n = 53) ‘ High-risk (n = 21) ‘ p for trend

Clinical characteristics

Age (yrs.) 412 (13.1) 32.5(8.3) 50.8 (6.0)" 60.7 (6.6)™* <0.001
Gender (male/female), n 91/88 52/53 29/24 10/11 NS
Current smokers, n (%) 57 (31.8) 31.0 (29.5) 21(39.6) * 5(23.8) 0.012
Family history of premature CVD, n (%) 16 (8.9) 7(6.7) 6(11.3) 3(14.3) NS
Family history of T2DM, n (%) 37(20.7) 16 (15.2) 15 (28.3) 6(28.6) NS
Hypertension, n (%) 49 (27.4) 15 (14.3) 20(33.7) ¢ 14 (66‘7)" <0.001
Dyslipidemia, n (%) 76 (58.5) 24 (36.4) 35(77.8) 17 (89‘5);r <0.001
Diabetes
Diabetes duration (yrs.) 16 (12-23) 14 (20-22) 18 (15-27) * 20 (15-29)" <0.001
Total insulin doses (Ul/kg-day) 0.6 0.6 0.7 0.6 NS
(0.5-0.8) (0.5-0.8) (0.6-0.8) (0.5-0.7)
Microvascular complications, n (%) 68 (38.4) 28 (27.2) 23 (43.4) 18 (81.0) ¥ <0.001
Retinopathy, n (%) NS
None 138 (77.1) 86 (81.9) 40 (75.5) 12 (57.1)
Non-proliferative 20(11.2) 9 (8.6) 6(11.3) 5(23.8)
Proliferative 21(11.7) 10 (9.5) 7 (13.2) 4(19.1)
Nephropathy, n (%) 41 (23.2) 14 (13.6) 15 (28.3) 4(19.1)" <0.001
Peripheral neuropathy, n (%) 7(3.9) 1(1.0) 3(5.7) 3(14.3)" 0.011
Anthropometric measurements
Weight (kg) 71.7 (13.0) 69.8 (12.4) 75.2 (14.3)* 72.0 (10.7) 0.045
BMI (kg/m?) 25.4(3.7) 24.3(3.2) 26.6 (3.8)* 27.8 (4.4)" <0.001
Waist-to-hip ratio 0.88 0.84 0.93 0.94 <0.001
(0.81-0.94) (0.77-0.90) (0.86-0.99) * (0.90-0.98)"
Blood pressure
SBP (mmHg) 125.6 (12.1) 121.8(11.0) 128.8(11.2)* 136.9(10.7)” <0.001
DBP (mmHg) 72.0 (8.9) 70.1 (8.2) 74.4 (8.7)* 75.7 (10.1)" 0.002
MAP (mmHg) 89.9 (9.1) 87.3 (8.4) 92.5 (8.5) 96.1 (9.6) <0.001
Laboratory parameters
Fasting plasma glucose (mmol/L) 8.2 (3.8) 7.8 (3.5) 8.4 (3.8) 9.5 (4.5) NS
HbA, (%) 7.8 (1.0) 7.6 (1.0) 8.0 (1.0) 8.5(1.1)" <0.001
HbA, . (mmol/mol) 61.8 (11.4) 59.2 (11.0) 63.7 (10.5) 69.9 (11.6)
Urinary ACR (mg/g) 4.7 4.1 6.1 14.0 <0.001
(2.7-10.6) (2.4-7.7) (3.0-9.8) (5.3-54.0)"*
Total cholesterol (mmol/L) 4.6 (4.1-5.2) 4.5 (4.0-5.1) 4.7 (4.3-5.2) 5.1 (4.4-5.8) NS
HDL-cholesterol (mmol/L) 1.7 (1.3-2.0) 1.6 (1.3-1.9) 1.7 (1.4-2.1) 1.7 (1.5-2.2) 0.073
LDL-cholesterol (mmol/L) 2.5(2.1-2.9) 2.5(2.2-2.9) 2.4 (2.1-2.8) 2.6 (2.3-3.1) NS
Triglycerides (mmol/L) 0.73 0.72 0.73 0.76 NS
(0.60-0.90) (0.54-0.88) (0.63-0.90) (0.68-1.1)"
Insulin resistance
eGDR (mg/kg/min) 8.6 9.5 6.9 5.6 <0.001
(6.1-10.0) (8.4-10.4) (5.4-8.8)* (4.1-6.8)"*
Arterial stiffness
aPWV (m/s) 7.5 (1.9) \ 6.4 (1.0) \ 8.4 (1.3) \ 10.3 (2.5)" <0.001

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. eGDR: estimation of

glucose disposal rate. aPWV: aortic pulse wave velocity.

*p<0.05 for moderate-risk compared with low-risk

*p < .0.05 for high-risk compared with low-risk and

¥p<0.05 for high-risk compared with moderate-risk.

https://doi.org/10.1371/journal.pone.0220206.t001
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In univariate analyses, age (r = 0.941; p<0.001), smoking habit (r = 0.228; p = 0.006), family
history of T2DM (r = 0.184; p = 0.014), arterial hypertension (r = 0.415; p<0.001), SBP
(r=0.439; p<0.001), DBP (r = 0.334; p<0.001) and MAP (r = 0.415; p<0.001), dyslipidemia
(r =0.518; p<0.001), total cholesterol (r = 0.187; p = 0.033), diabetes duration (r = 0.274;
p<0.001), chronic complications (r = 0.359; p<0.001), diabetic nephropathy (r = 0.360;
p<0.001), peripheral neuropathy (r = 0.201; p = 0.007), BMI (r = 0.307; p<0.001), WHR
(r=0.563; p<0.001), HbA, (r = 0.252; p<0.001) and aPWV (r = 0.777; p<0.001) were posi-
tively associated with the STIRE score (Fig 1, panel B).

To evaluate the potential role of aPWYV for predicting cardiovascular risk according to the
ST1RE, we developed one regression model for moderate/high-risk patients and another
model for high-risk patients. aBPWV was positively associated both with moderate/high- and
high-risk according to the ST1RE, with an odds ratio (OR) of 4.73 (95% confidence interval
[CI] 3.00-7.45; p<0.001) and 2.28 (95%CI: 1.66-3.12; p<0.001), respectively. The C-statistic
of aPWV was 0.914 (95%CI: 0.873-0.95) for predicting moderate/high-risk and 0.879 (95%CI:
0.809-0.948) for high-risk according to the ST1RE (Fig 2). The best cut-off points of aPWV
were 7.3 m/s (sensitivity: 86% and specificity: 83%) and 8.7 m/s (sensitivity: 76% and specific-
ity: 86%) for moderate/high and high-risk, respectively.

Discussion

The main finding of the present study is that arterial stiffness is highly correlated with the
scores obtained from the STIRE in patients with TIDM and without previous CVD. In addi-
tion, we have identified two cut-off points of arterial stiffness that can clearly discriminate
moderate/high- and high-risk T1DM patients, which could be of significant value in clinical
practice.

aPWYV predicts cardiovascular events and total and cardiovascular mortality in the general
population, in the elderly, and in patients with hypertension, end-stage renal failure or T2DM
[6]. The independent predictive value of arterial stiffness has been proven after adjustment for
classical cardiovascular risk factors and its estimation has also been demonstrated to improve
cardiovascular risk prediction beyond the Framingham Risk Score [9, 10]. This suggests that
measurement of arterial stiffness could add value to the classical cardiovascular risk factors in

p for trend <0.001 r=0.777; p<0.001
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Fig 1. A. Comparison of aortic pulse wave velocity (aPWV) for the Steno Type 1 Risk Engine (ST1RE) low- (<10%), moderate- (10-20%) and high-risk (>20%) groups
(*p<0.05 for multiple comparison). B. Spearman correlation coefficient for the association between aPWV and ST1RE risk score.

https://doi.org/10.1371/journal.pone.0220206.9001
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Fig 2. ROC curves for aPWYV to identify cardiovascular risk according to the ST1RE for moderate/high- (panel A) and high-risk groups (panel B).
https://doi.org/10.1371/journal.pone.0220206.9002

the prediction of cardiovascular risk. A possible explanation for this is that arterial stiffness inte-
grates the damage of cardiovascular risk factors (known and unknown) on the aortic wall since

birth, whereas classical cardiovascular risk factors can fluctuate over time, and hence their value
at any given time may not reflect their real impact on arterial wall damage over the lifetime [23].

It has been reported that the currently used risk scores (designed for general or T2DM popu-
lations) clearly underestimate cardiovascular risk in the TIDM population [11, 12]. Accord-
ingly, it is of special interest to develop specific cardiovascular risk models for these patients [2].

Three different risk scores have been recently developed for predicting CVD in T1DM, which
differ in several aspects such as the number (between 4 and 11) and type of variables employed,
and the population used for developing the models. However, none of them have been used thus
far in routine clinical practice [2, 24]. The first risk score was developed in a childhood-onset
T1DM cohort [25]; the second one, based on the Swedish National Diabetes Register [26],
included patients with previous cardiovascular events (including patients in primary and sec-
ondary prevention), and the third one, the STIRE [12], was developed and validated in two
cohorts of adult patients with T1DM without established CVD (similar to our patient group).

A possible reason for the high correlation between arterial stiffness and the ST1RE score
could be the similarities between the two cohorts in terms of age (41.2 years vs. 42.2 years),
gender distribution (50.8% vs. 54.2% of males) and duration of TIDM (16.0 years vs. 16.6
years). Given our results and the fact that arterial stiffness has the potential to improve the
value of classical cardiovascular risk factors for predicting CVD, we believe that its assessment
could be of great value in clinical practice, improving the cardiovascular risk stratification and
the follow-up of patients with TIDM without established CVD.

In this study, we found that the discrimination of aPWV was excellent with a C-statistic of
0.914 for predicting moderate/high-risk, and 0.879 for high-risk. In addition, we identified two
potential cut-off points of arterial stiffness that can clearly discriminate moderate/high- (7.3m/
s) and high-risk (8.7m/s) T1DM patients, which could be of significant value in clinical practice.
Nevertheless, we acknowledge that one important limitation of aBPWV is how distance is
assessed. In our setting, we used the subtraction of suprasternal notch-to-carotid distance from
the suprasternal notch-to-femoral distance, as previously described [14, 23]. Prior studies com-
paring the distance measured using magnetic resonance imaging (a direct measure of aortic stiff-
ness) have shown that the subtraction method underestimates the distance measurements and
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overestimates aPWV. For this reason, some authors have recently proposed new distance mea-
surements that would improve the estimation of the carotid-femoral path length [27]. Of all cur-
rently used distances, the 80% of the direct carotid-femoral distance (common carotid artery—
common femoral artery x 0.8) has been proposed as the most accurate. Consequently, a new stan-
dard cut-off value alPWV of 10m/s has been proposed as indicative of subclinical organ damage
and increased risk for cardiovascular events [28], instead of the previously established cut-off
value of 12m/s proposed in 2007 [29]. Thus, it should be acknowledged that the method used to
measure the distance needs to be taken into consideration when interpreting our results, as it can
clearly modify our proposed cut-off points derived from the ROC curves.

We also acknowledge that prospective studies are needed to investigate the potential role of
arterial stiffness for predicting cardiovascular events in subjects with TIDM. To the best of our
knowledge, only one such study has attempted to evaluate the relationship between central
arterial stiffness and the prediction of cardiovascular events in T1IDM. This study showed that
central pulse pressure as a measure of central arterial stiffness was more strongly associated
with the prediction of cardiovascular events than the augmentation index (an indirect measure
of arterial stiffness), but no data on aPWV were reported [30]. We are aware that estimated
10-year CVD risk is an imperfect end-point to test the potential predictive role of aPWV, as it
does not represent true disease status and there is the possibility to misclassify patients into the
wrong risk group (as in all algorithms designed to predict cardiovascular risk). Also, the valida-
tion of STIRE was performed for the 5-year data and most participants were Danish. Thus,
additional studies exploring the potential role of arterial stiffness to predict future events and
validated in other populations are needed.

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 arterial stiffness and
cardiovascular events. In addition, the young age and the small sample size (especially in the
high-risk group) could underestimate our results. Nonetheless, it seems reasonable to believe
that this score might add predictive value to the classical cardiovascular risk models. In addi-
tion, the study was observational in design and consequently complete control of all potential
(unknown) confounding factors could not be ensured.

Conclusions

In summary, our study demonstrates that aPWV is highly correlated with the scores obtained
from the STIRE in a Mediterranean cohort of subjects with TIDM without previous CVD.
We have identified two cut-off points of arterial stiffness that can clearly discriminate moder-
ate/high- and high-risk patients. These cut-offs could be of great interest in clinical practice.
Our findings suggest that measurement of arterial stiffness is a useful tool for detecting sub-
clinical arteriosclerosis and contributes to better cardiovascular prediction in TIDM. Never-
theless, prospective studies are needed to clarify the relationship between arterial stiffness and
macrovascular complications in subjects with TIDM.
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En el primer estudi d’aquest projecte, es va determinar el paper de la Sle
en la prediccié del risc de MCV a 10 anys segons el model de prediccid STTRE.
La Sl es va estimar mitjancant la Sle-EDC i la Sle-CACTI, dues equacions
desenvolupades especificament per a la poblaci6 amb DM1 i validades
previament amb la técnica del clamp euglucemic-hiperinsulinémic. Es van
incloure 179 adults amb DM1 (41,2+13,1 anys, 50,8% homes, anys d’evolucio
de la DM1 16 (12-23)) i sense MCV previa. Primerament, es van analitzar les
caracteristiques cliniques dels subjectes inclosos en funcio de I'estratificacio del
risc de MCYV (risc baix: < 10%, risc moderat: 10-20%, risc alt: > 20%). Comparat
amb els grups de risc baix i moderat, les persones amb risc alt tenien més edat i
una prevalenca més elevada d’HTA i dislipémia. Alhora, presentaven un pitjor
control glucemic, més anys d’evolucio de la DM1, una prevalengca més elevada
de complicacions microvasculars i, finalment, un IMC i index cintura-maluc més
alts. Pel que respecta a la Sle, aquesta va disminuir a mesura que incrementava
el risc de MCV, tant amb la Sle-EDC (risc baix: 9,5 (8,4-10,4) mg-kg™'-min-', risc
moderat: 6,9 (5,4-8,8) mg-kg'-min”', risc alt: 5,6 (4,1-6,8) mg-kg™'-min;
p < 0,001) com amb la Sle-CACTI (risc baix: 4,9 (3,5-6,0) mg-kg'-min-, risc
moderat: 4,0 (3,3-4,6) mg-kg'-min”', risc alt: 3,6 (2,7-5,0) mg-kg™*'-min";
p <0,001).

A I'analisi univariant, la Sle-EDC i la Sle-CACTI es van correlacionar de
forma negativa amb la puntuaci6 del risc de MCV a 10 anys segons I'STTRE
(Sle-EDC: r = —0,635, p < 0,001; Sle-CACTI: r = —0,291, p < 0,001). Després
d’ajustar per a la resta dels FRCV classics (edat, sexe, tabaquisme, HTA,
dislipémia i IMC), la correlacio entre la Sle-EDC i la puntuacio del risc de MCV
es va mantenir significativa (beta = —0,231; p = 0,011). Tanmateix, la Sle-CACTI
no es va associar de 