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INTRODUCERE

Diabetul zaharat tip 1, desi reprezintd doar 5-10% din cazurile de diabet
zaharat, prin caracterul sau cronic, guvernat de riscul crescut de aparitie a
complicatiilor pe termn lung si dependenta permanenta de insulind exogend, are un
impact major la nivel individual, familial, social si economic. Desi afectiunea este
diagnosticata cel mai frecvent In copildrie, cand si incidenta sa este cea mai mare,
practic majoritatea indivizilor cu diabet zaharat tip 1 sunt adulti.

Desi prognosticul diabetului zaharat tip 1 s-a modificat radical odata cu
descoperirea insulinei iIn urma cu aproape un secol, complicatiile cronice
microvasculare si riscul cardiovascular crescut asociat continua sa confere severitate
acestei afectiuni, guvernata de morbi-mortalitate crescuta. Studii de mare anvergura in
diabetul zaharat tip 1 au demonstrat ca riscul de complicatii microvasculare poate fi
redus si progresia acestor complicatii poate fi limitatd printr-un control glicemic
intensiv, realizat prin administrarea insulinei exogene in scheme de tratament cvasi-
fiziologice, aplicate fie prin injectii multiple zilnice sau perfuzia subcutanatad continua
de insulind prin intermediul pompelor externe de insulina.

Tratamentul cu pompa de insulind in diabetul zaharat tip 1 este rezultatul
progresului tehnologiei terapeutice in decursul a peste 30 de ani, intre timp
perfectionarea acestei metode de administrare a insulinei oferind posibilitatea aplicarii
sale in practica clinica curentd in cazuri bine selectate pentru obtinerea beneficiilor
terapeutice maxime, in termeni de imbunatatire a echilibrului metabolic, reducerea
riscului de hipoglicemie severa, a variabilitatii glicemice si ameliorarea calitatii vietii,
comparativ cu tratamentul cu injectii multiple zilnice. Cu toate acestea, rata de utilizare
a pompelor de insulina in diabetul zaharat ramane insd la un nivel relativ redus,
variabil in diverse zone ale lumii, fiind dependenta In principal de costurile crescute
ale unei astfel de terapii. Din acest motiv, in Romania, numarul pacientilor cu diabet
zaharat tip 1 care beneficiaza gratuit de tratament cu pompa de insulind in cadrul
programului national de diabet zaharat, este foarte redus. Pentru aplicarea cu succes a
terapiei cu pompa de insulind la persoanele cu diabet zaharat tip 1, este necesara
selectia riguroasa a candidatilor, incadrarea acestora in categoriile de indicatii
acceptate de societdtile profesionale internationale pentru acest tip de tratament,
precum si realizarea initerii, monitorizarii si evaludrii terapiei intr-un centru
specializat in aplicarea tehnologiei PSCI prin pompe externe de insulina. Tranzi{ia de la
injectii multiple la pompa de insulina reprezintd o etapa decisiva pentru succesul
terapetic cu aceasta noud tehnologie complexa.

Scopul acestei lucrari a fost de a caracteriza In detaliu momentul tranzitiei
terapeutice de la injectii multiple zilnice la pompa de insulind, precum si controlul
metabolic realizat cu noua terapie pe termen scurt, mediu si lung, la un grup de
pacienti cu diabet zaharat tip 1 inclusi in programul national de pompe de insulina.

Astfel, am dorit sa realizam o evaluare complexa a caracteristicilor clinice si indicatiilor
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terapeutice ale pacientilor cu diabet zaharat tip 1 care trec la tratament cu pompa de
insulina, precum si de a analiza in detaliu variatia necesarului insulinic la tranzitia
terapeutica de la injectii multiple zilnice la pompa de insulina in functie de indicatiile
clinice ale pompei si categoriile de varstd. De asemenea, am studiat caracteristicile
profilului insulinic bazal optimizat realizat cu pompa de insulind In functie de
categoriile de varsta si am identificat factorii predictvi pentru stabilirea ratei bazale, in
scopul stabilirii profilului insulinic optim. Am urmarit si stabilirea eficientei
terapeutice a pompei de insulind pe termen scurt si lung, precum si identificarea
factorilor predictivi pentru optimizarea echilibrului metabolic cu acest tip de
tratament.

Caracterizarea tuturor acestor aspecte contribuie la luarea deciziilor terapeutice
privind selectia riguroasa a candidatilor pentru pompa de insulind si identificarea
acelora cu potentialul crescut de realizare a obiectivelor metabolice prestabilite. De
asemenea, rezultatele identificate contribuie si la formularea recomandarilor optime
pentru subpopulatia de pacienti cu DZ1 care beneficiaza de trecerea la terapia cu
pompa de insulind, permitand astfel optimizarea precoce a profilului insulinic si
facilitarea obftinerii echilibrului glicemic al viitorilor candidati in functie de
caracteristicile identificate.

Originalitatea lucrarii consta In primul rand in tematica abordats, fiind prima
lucrare din Romania despre insulinoterapia prin pompa externa de insulina in diabetul
zaharat tip 1, iar in consecintd, toate studiile efectuate in cadrul tezei, precum si
observatiile realizate, sunt In premiera in tara noastra si se adauga ca experienta
practica locala la raportarile stiintifice internationale referitoare la acesta terapie.

CONTRIBUTIA PERSONALA

Ipoteza de lucru/obiective

Ipoteza generala a cercetarii personale

Pentru aplicarea cu succes a terapiei cu pompa de insulind la persoanele cu
diabet zaharat tip 1, este necesara selectia riguroasa a candidatilor, Incadrarea
acestora in categoriile de indicatii acceptate de societatile profesionale internationale
pentru acest tip de tratament, precum si realizarea iniferii, monitorizarii si evaluarii
terapiei intr-un centru specializat in aplicarea tehnologiei PSCI prin pompe externe de
insulina.

Ipoteza generald a cercetdrii persoanale este legata de eficientizarea initierii
tratamentului cu pompa de insulind, identificarea candidatilor cu raspuns optim la
tratamentul cu pompa de insuling, identificarea precoce a caracteristicilor profilului
insulinic la trecerea de la injectii multiple la PSCI, precum si a factorilor predictivi
pentru un raspuns metabolic optim imediat dupa initierea terapiei si la 12 luni de



tratament. Toate aceste elemente contribuie la luarea deciziilor si efectuarea
recomandarilor corecte pentru aceastd subpopulatie de pacienti cu DZ1, permitand
astfel obtinerea rapida a echilibrului glicemic cu noua terapie.

Obiectivele cercetarii personale

1. Identificarea caracteristicilor clinice ale pacientilor cu DZ1 care initiaza
PSCI si analiza indicatiilor pompei de insulina in relatie cu raspunsul obtinut in cursul
terapiei

2. Stabilirea eficientei terapeutice a pompei de insulind in realizarea

controlului metabolic, identificarea variatiei dozelor de insulind la trecerea de la
injectii multiple zilnice la pompa de insulinad si stabilirea profilului ratei bazale in
functie de categoriile de varsta

3. Identificarea factorilor predictivi pentru optimizarea echilibrul metabolic
la initierea terapiei cu pompa de insulina sila 12 luni de tratament cu PSCI

Metodologie generala de cercetare

Tipuri de studii

In lucrare au fost incluse 3 studii clinice observationale, retrospective:

STUDIUL 1: Indicatiile pompei de insulina si controlul metabolic obtinut in
diabetul zaharat tip 1

STUDIUL 2: Variatia dozelor de insulina la tranzifia de la injectii multiple
zilnice la tratamentul cu pompa de insulina si caracteristicile profilului insulinic
realizat cu pompa de insulina in diabetul zaharat tip 1

STUDIUL 3: Factori predictivi pentru optimizarea echilibrului metabolic cu
pompa de insulind 1n diabetul zaharat tip 1

Populatia de studiu a cuprins persoane cu diabet zaharat tip 1 care au primit
aprobare spre a fi incluse in Programul National de Diabet Zaharat pentru tratamentul
cu pompa de insulind! in perioada lanuarie 2002 - Decembrie 2011.

Conditiile obligatorii pentru includerea pacientilor in acest program au fost
urmadtoarele:

e Pacienti aflati in tratament permanent cu insulina:
O copii cu DZ1, la care nu se poate realiza controlul glicemic prin
insulinoterapie intensiva corect aplicatd;
© adulti cu DZ1 peste varsta de 18 ani la care nu se poate realiza controlul
glicemic prin insulinoterapie intensiva corect aplicatd;
o gravide cu DZ1
e Pacienti aflati in tratament temporar cu insulina:
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o0 diabet zaharat gestational sau gravide cu diabet zaharat si insulinoterapie
la care nu se poate realiza controlul glicemic prin insulinoterapie
intensiva;

O orice tip de diabet zaharat cu labilitate glicemica, ce nu poate fi controlat
prin insulinoterapie intensiva

Intreruperea utilizrii pompei de insulind se poate realiza de citre medicul
diabetolog in urmatoarele conditii:

e Lipsa de aderentd sau aderenta necorespunzatoare a pacientului la programul de
monitorizare si control medical de specialitate pe parcursul utilizarii pompei;
e Terapia cu PSCI nu isi dovedeste eficacitatea.
Pentru studiul actual, s-au utilizat urmatoarele criterii de excludere:
e Diabet zaharat tip 2 sau alte tipuri de diabet zaharat
e DZ1 si tratament cu injectii multiple zilnice cu durata mai scurta de 1 an
o Perioada de remisie a DZ1
e Sarcina si diabet zaharat tip 1
o Afectiuni acute intercurente
o Alte afectiuni cronice asociate
e Medicatie cronica ce poate influenta nivelul glicemiei (ex. glucocorticoizi)

Avand iIn vedere criteriile sus-mentionate, au fost incluse in studiu 70 de
persoane cu DZ1, care au fost adresate din centre ambulatorii/spitale din diverse zone
ale Romaniei, catre Centrul Clinic de Diabet, Nutritie si Boli metabolice Cluj-Napoca,
pentru initierea terapiei cu pompa de insulina.

La intrarea in studiu, pacientii/ apar{inatorii copiilor au semnat consimtamantul
informat, si au fost internati timp de o saptaméana pentru initierea tratamentului cu
PSCI. La internare, s-a efectuat anamneza detaliatd, examenul fizic, un consult
psihologic si s-au recoltat probe biochimice; s-au inregistrat date demografice (varsta,
sex, mediu), durata diabetului zaharat, informatii complete privind schema actuala de
tratament a DZ1, dozele de insulina administrate si parametrii antropometrici
(greutate, indltime, indice de masa corporala).

La externare s-au Inregistrate date referitoare la noile doze de insulina de
insulina administrate prin CSII si profilul insulinic obtinut dupa adaptarea dozelor de
insulina. S-au urmarit parametrii glicemici la 3, 6 si 12 luni dupa initierea PSCI.

Pompele de insulina oferite In cadrul programului national au fost de tip Accu-
Check Spirit (Roche) sau Medtronic Paradigm Real-Time/Veo sau Minimed 508, iar
selectarea tipului de pompa s-a realizat in functie de modelele disponibile la momentul
respectiv. Montarea pompelor de insulind s-a realizat in conditiile spitalizarii
pacientilor.

Pe perioada internarii, pacientii si apartinatorii (in cazul copiilor), au urmat
sedinte zilnice de educatie (realizate de o echipa specializata an tratamentul cu PSCI,
alcatuita din medici, psihologi si asistenta) privind noua metoda de administrare a
insulinei, manipularea pompei, managementul situatiilor speciale, a hipoglicemiei,
hiperglicemiei, adaptarea dozelor de insulind, etc. Cunostintele insusite de



pacienti/apartinatori, au fost evaluate prin teste aplicate la finalul sedintelor de
educatie. Recomandarile nutritionale din cursul internarii au fost aceleasi pe care
pacientii le-au urmat la domiciliu.

Anterior initierii terapiei, pacientii/apartinatorii au semnat ca se obligd sa
respecte recomandarile echipei medicale, sd se automonitorizeze de minim 3-4 ori pe
zi si si respecte controalele periodice. in caz contrar, daci rezultatele nu sunt
favorabile, medicul diabetolog poate decide suspendarea terapiei cu PSCI.

In vederea initierii terapiei cu pompi de insulind, in seara anterioars, pacientii
care aveau in schema de tratament un analog lung administrat la culcare, au fost
trecuti pe insulind umana intermediara. Pentru dozele de initiere a PSCI, s-a pornit de
la media dozelor totale zilnice cu IMZ, care au fost reduse cu 20+5%, din care 40-50%
s-a utilizat pentru rata bazala si diferenta pentru bolusuri. Insulina utilizata pentru
pompe a fost reprezentata exclusiv de analogi rapizi. S-au calculat factorul de corectie,
raportul insulina/carbohidrati si ratele bazale orare; acestea din urma au fost ajustate
suplimentar in perioadele de insulinosensibilitate crescuta ale pacientilor. Pe perioada
internarii, in zile succesive, s-au testat ratele bazale pe diverse perioade ale zilei; s-au
ajustat factorul de corectie si raportul insulind/carbohidrati in functie de diferitele
momente ale zilei. Un numar foarte redus de pacienti (cu pompe Paradimg RT/Veo cu
sistem integrat de monitorizare a glucozei) au beneficiat de ajustarea dozelor zilnice
ghidata prin monitorizare glicemica continua.

Datele au fost inregistrate cu ajutorul aplicatiei Excel a pachetului Microsoft
Office.

Prelucrarea statistica a datelor inregistrate a fost realizata cu programul IBM
SPSS Statistics v. 22 (IBM Corporation). Au fost luate In considerare intervale de
incredere de 95%, pentru care valoarea probabilitatii p<0.05 caracterizeaza o relatie
semnificativa statistic; p>0.05 nesemnificativ statistic; p<0.01 foarte semnificativ
statistic; p<0.001 extrem de semnificativ statistic.

Testarea normalitatii distributiei variabilelor s-a realizat cu testul Shapiro Wilk,
pe baza careia s-au selectat si aplicat teste statistice specifice fiecarui tip de variabila.
Statistica descriptiva pentru variabilele contiue, cu distributie normala este exprimata
ca medie aritmeticatdeviafie standard, si ca proportie (%) pentru variabilele discrete.
S-au aplicat teste statistice corespunzatoare tipului variabilelor analizate.

Pentru comparatia variabilelor categorice, s-a aplicat testul x2.

S-a aplicat testul t (Student) pentru a compara variabilele perechi cu distributie
normala sau testul Wilcoxon pentru variabile asimetrice.

Esantioanele multiple independente simetrice au fost analizate cu testul One-
way ANOVA, iar cele cu distributie asimetrica, cu testul Kruskal-Wallis, ambele urmate
de analize post-hoc. Pentru analiza variabilelor dependente asimetrice, s-a utilizat
testul Friedman pentru diferenta rangurilor, in cazul mai mult de doua masurari in
momente evolutive diferite.



Pentru stabilirea asocierii dintre diverse variabile simetrice s-a utilizat testul
Pearson, iar pentru cele asimetrice, testul Spearman.

S-au efectuat regresii pentru a evalua relatia dintre variabile si a efectua
predictii ale valorii unei variabile in raport cu celelalte variabile testate; s-a calculat
0dds Ratio (OR) si intervalul de confidenta de 95% corespunzator, cu stabilirea
semnificatiei statistice pentru valori ale p<0.05.



Studiu 1. Indicatiile pompei de insulina si controlul
metabolic obfinut cu acesta terapie in diabetul
zaharat tip 1

In conditiile cresterii incidentei cazurilor noi de diabet zaharat tip 1 la nivel
mondial? 3, utilizarea noilor tehnologii terapeutice pentru administrarea fiziologica a
insulinei a luat o amploare deosebiti. in Romania, statisticile recente indica faptul ca
aproximativ 3196 de copii cu varsta sub 18 ani sunt inregistrati cu acest diagnostic*.
Desi boala este diagnosticata cu frecventa crescuta la copii si adolescenti, majoritatea
indivizilor cu diabet zaharat tip 1 sunt adultis.

Utilizarea PSCI prin pompe externe de insulina s-a dovedit a fi sigura si eficienta
in numeroase studii clinice randomizate si observationale, in termeni de control
glicemic, variabilitate glicemicd, hipoglicemii si calitatea vietii®-14.

Nu se cunoaste cu exactitate numarul de utilizatori de pompa de insulind din
Romania, avand in vedere costul crescut al acestui tip de tratament (cel putin dublu
fata de tratamentul cu IMZ)'5; datele CNAS (Casa Nationald de Asigurari de Sanatate)
indicd doar 300 de persoane cu diabet zaharat care beneficiaza de materiale
consumabile pentru pompele de insulind in cadrul Programului National de Diabet
zaharat pentru pompe de insulind?, dar practic, numarul real al utilizatorilor de pompe
de insulina poate fi mai mare, avand in vedere ca unii pacienti isi sustin costurile
terapiei cu PSCI din resurse proprii.

Principalele indicatii agreate de consensurile terapeutice internationale pentru
PSCI la copiii si adultii cu DZ1 sunt reprezentate de: imposibilitatea atingerii unui
control glicemic satisficitor cu IMZ si automonitorizare frecventd, hipoglicemii
recurente, sarcind si DZ1 sau atunci cand insulinoterapia cu IMZ este considerata
inflexibila sau nepotrivitd stilului de viatd al pacientului, afectind calitatea vietii
acestuial6-18,

Ipoteza de lucru

Cu toate ca exista recomandari ale multiplelor societatilor profesionale privind
indicatiile terapiei cu pompa de insuling, existd inca dezbateri privind acele indicatii
pentru care se obtine beneficiul metabolic maxim, si care persistent in timp, va
determina o reducere a riscului de aparitie a complicatiilor cronice ale DZ1.

Deoarece aceste informatii lipsesc pentru populatia cu DZ1 din Romania, am
dorit sa analizam caracteristicile clinice si indicatiile terapeutice ale pacientilor cu DZ1
care trec de la terapia cu injectii multiple zilnice la tratamentul cu pompa de insulina,
precum si a relatiei acestora cu parametrii glicemici realizati cu PSCI.

Rezultate
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Pacientii au fost repartizati in trei categorii in functie de indicatiile terapeutice
ale PSCI stabilite de consensurile internationale: grupul 1 - esecul terapiei cu IMZ si
HbAlc = 8.5%; grup 2 - tratamentul cu IMZ inflexibil/inacceptabil; grup 3 -
hipoglicemie recurentd cu IMZ. In lotul studiat, 50% din pacienti au schimbat
tratamentul cu IMZ cu cel cu PSCI pentru valori ale HbAlc = 8.5%. Testul x? a
evidentiat o frecventa semnificativ diferita a indicatiilor clinice in grupul analizat, cu o
frecventd observata mult mai mare a indicatiei de control metabolic deficitar
persistent cu IMZ, cu HbA1c28.5% si mult mai redusa a indicatiei de hipoglicemie
recurentd cu IMZ, x2(2)=12.371, p=0.002.

HbAIc la 3 luni cu PSCI

S-a evaluat cu testul Spearman relatia dintre HbAlc pre-pompa si HbAlc la 3
luni cu PSCI. Nu s-a stabilit existenta unei corelatii semnificative statistic intre cele
doua variabile pentru niciuna din indicatii.

Valoarea medianei HbAlc obtinute la 3 luni dupa initierea PSCI a fost cea mai
mare in grupul cu HbA1c28.5% In momentul de referinta (8.0%; IQR 7-9), cea mai
scazuta in grupul cu hipoglicemii recurente cu IMZ (6.6%, IQR 5.8-7.4) si 7.6%, IQR
(interval intercuartilic) 6.8-8.4 in grupul cu IMZ inflexibil.

Pacientii care au Inceput terapia cu PSCI pentru HbA1lc crescut peste 8.5%, dupa
3 luni de tratament cu PSCI au obtinut o scadere semnificativa statistic a medianei
HbA1lc cu 1%, (valoarea medianei HbAlc 8%) fata de momentul de referinta (valoarea
medianei HbAlc 9.2%), la evaluarea diferentelor prin testul Wilcoxon signed rank,
p<0.0005.

Pentru indicatia de inflexibilitate a IMZ, testul Wilcoxon signed-rank nu a
evidentiat modificari semnificative statistic ale HbAlc la 3 luni, p=0.248. Acelasi
rezultat a fost stabilit si pentru grupul care a initiat PSCI pentru hipoglicemii recurente,
p=0.181.

HbA1c la 12 luni cu PSCI

Nu s-au stabilit corelatii semnificative intre HbAlc pre-pompa si HbAlc atinsa la
12 luni cu PSCI pentru nicio categorie de indicatii ale PSCI.

La 12 luni, distributiile valorilor HbAlc realizate cu PSCI pe subgrupuri de
indicatii au fost semnificativ diferite la analiza Kruskal-Wallis, x2 (2) = 13.650,
p=0.001. Analiza post hoc efectuata (comparatii pe perechi, urmata de corectie
Bonferonni) a evidentiat diferente semnificative statistic intre valorile HbA1c obtinute
in grupul cu hipoglicemii recurente (rang mediu = 20.00) si grupul cu HbAlc = 8.5% cu
IMZ (rang mediu = 43.79), (p=0.002), precum si intre grupul cu IMZ inflexibila (rang
mediu = 30.52), si cel cu HbAlc 2 8.5% cu IMZ (p=0.041), dar nu si intre grupul cu
hipoglicemii recurente si cel cu IMZ inflexibila.

Am dorit sa studiem daca apartenenta la o indicatie terapeutica pentru PSCI are
impact asupra probabilitdii ca pacientii cu DZ1 care incep tratamentul cu pompa de
insulina sa prezinte o imbunatatire semnificativa a echilibrului glicemic la 12 luni.

Am definit ca Imbunatatire semnificativa, reducerea HbAlc la 12 luni cu 210%
din valoarea HbAlc din momentul de referinta (AHbA1c); am definit categoria de



pacienti care prezintd o reducere cu 210% a HbA1lc la 12 luni (exprimata ca procent
din HbA1c de referintd), ca fiind ,responderi” la PSCI.

Astfel, am efectuat o regresie logistica binomiald, care a testat daca indicatiile de
»dezechilibru glicemic, HbA1¢=8.5% cu IMZ” sau ,alte indicatii terapeutice ale CSII”, au
impact direct asupra probabilitdtii de a obtine o imbunatatire glicemica semnificativa
(reducerea HbA1lc la 12 luni cu 210% din valoarea HbAlc din momentul de referinta).
Pacientii cu indicatia terapeutica pentru PSCI , dezechilibru glicemic - HbA1¢=8.5% cu
IMZ” au avut o sansa de 8 ori mai mare sa prezinte Imbunatatirea echilibrului glicemic
cu pompa de insulina la 12 luni, fata de pacientii care au avut alte indicatii terapeutice
ale PSCI.

Concluzii

Profilul clinic al pacientului care trece de la tratamentul cu IMZ la PSCI prin
pompa externd de insulina este caracterizat prin heterogenitate ca si varsta la initierea
pompei (preponderent adolescent{i sau adulti), varsta la diagnosticului DZ1 si ca si
durata a bolii, cu predominanta semnificativa a sexului feminin in categoria peste 25
de ani si cu dezechilibru glicemic important la momentul tranzitiei (HbAlc medie
8.5+1.4%).

Cea mai frecventa indicatie pentru initierea terapiei cu pompa de insulina a fost
reprezentata de dezechilibrul glicemic persistent (HbAlc = 8.5%), in ciuda terapiei cu
IMZ bine condus3, cu valoarea medie a HbAlc de 9.6+1.1%, extrem de crescuta fata de
celelalte doua grupuri de indicatii terapeutice (cu medii apropiate de valoarea {inta a
HbAlc de 7.5%), cu o frecventa relativ similara a indicatiei pe categoriile de varsta si
cu preponderenta sexului feminin.

Inflexibilitatea terapiei cu injectii multiple zilnice a reprezentat cel mai frecvent
motiv pentru schimbarea terapiei DZ1 in grupul de adolescenti, cu media HbAlc
(7.7+0.4%) apropiata de valoarea de control glicemic satisfacator, iar problema
hipoglicemiilor recurente cu IMZ a fost predominanta la sexul feminin, In grupul de
adulti tineri 18-25 ani si prepubertar 6-12 ani, cu o medie a HbAlc < 7% la initierea
PSCL

Fenomenul ,dawn” la pacientii care au inceput tratamentul cu PSCI, a fost
identificat cu o frecven{a similara in toate cele trei categorii de indicatii terapeutice,
interesand 54% din totalul pacientilor.

Cea mai mare reducere a HbAlc s-a Inregistrat la pacientii cu indicatia de
dezechilibru metabolic cu IMZ si HbAlc= 8.5%, atat dupa primele 3 luni de tratament
cu pompa de insuling, cat sila 6 si 12 luni, cu mentinerea acestei reduceri semnificative
(-1%) pana la 12 luni de tratament. Cu toate acestea, echilibrul glicemic a ramas
nesatisfacitor in acest grup pana la finalul perioadei de urmarire de 12 luni, dar
beneficiul metabolic maxim, In termeni de magnitudine a reducerii HbAlc a fost
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observat doar pentru acesta indicatie terapeutica a PSCI, fiind posibila o reducere mult
mai importantd a riscului de complicatii microvasculare in acest grup de tratament.

Initierea terapiei cu PSCI pentru cresterea flexibilitatii tratamentului DZ1 si
respectiv pentru reducerea frecventei hipoglicemiilor, nu s-au asociat cu reduceri
semnificative si persistente in timp ale HbAlc, dar medianele HbAlc s-au Inscris in
tintele terapeutice < 7.5%.

Studiul actual a demonstrat ca indicatia de initiere a terapiei cu pompa de
insulind la pacientii cu HbAlc 2 8.5% reprezintd un factor predictiv pentru obtinerea
unei reduceri semnificative a HbAlc cu cel putin 10% din valoarea realizata cu IMZ
dupa 12 luni de tratament, cu o probabilitate de opt ori mai mare de Imbunatatire a
echilibrului glicemic la 12 luni fata de alte indicatii terapeutice ale PSCI.

Studiu 2. Variatia dozelor de insulina la tranzitia de
la injectii multiple zilnice la tratamentul cu pompa
de insulina si caracteristicile profilului insulinic
realizat cu pompa de insulina

Introducere



De la descoperirea insulinei, in anii 1920, cursul evolutiei DZ1 s-a modificat
dramatic, iar in urmatorii ani s-au depus eforturi continue pentru a obtine cel mai bun
control glicemic pentru reducerea riscului de complicatii ale bolii, prin mimarea
profilului secretor insulinic al persoanelor nediabetice. Acest deziderat s-a apropiat de
realitate prin utilizarea terapiei insulinice intensive, cu IMZ sau prin pompele de
insulina.

Utilizarea pompelor de insulind a crescut considerabil in randul populatiei
pediatrice 1n ultimul deceniu in tarile dezvoltate, mai ales la categoria de prescolari 17,
19 Numeroase studii au demonstrat un control glicemic imbunatatit, reducerea
severitatii si frecventei hipoglicemiilor, cresterea calitatii vietii, o satisfactie crescuta
cu tratamentul si reducerea variabilitatii glicemice cu PSCI fata de IMZ ¢-10,20-23 dar cu
dezavantajul unor costuri crescute, complexitate mai mare a tratamentului si acces
redus in tarile in curs de dezvoltare, din cauza contrangerilor bugetare din sistemele
de sanatate.

La conversia de la IMZ la PSCI, sunt necesare modificiri ale necesarului
insulinic, in general cu o reducere a dozei totale zilnice de insulina cu 10-20%, datorata
diferentelor farmacocinetice dintre cele doua modalitdti terapeutice 24 Un pas
important in initierea PSCI este reprezentat de stabilirea noului necesar insulinic cu
PSCI si in mod special determinarea necesarului insulinic bazal si repartitia circadiana
a acestuia, reprezentand intre 30-50% din doza totala zilnica ajustata pentru pompa 17,
25, Cu toate acestea, tranzitia de la o modalitate terapeuticd la cealalta nu este clar
definita in ghidurile terapeutice, iar optimizarea initiald a controlului glicemic este
frecvent Intarziata, deoarece sunt necesare multiple ajustdri repetate ale necesarului
insulinic cu pompa de insulina 22 26, In plus, necesarul insulinic bazal si prandial par s
difere semnificativ la categoria pediatrica fata de adulti 2729, cu toate ca raportul
insulina bazald/insulind rapida stabilit pentru adulti (50% : 50%), este de obicei
aplicat si la copii 30.

Ipoteza de lucru

Este cunoscut faptul ca necesarul insulinic depinde de mai multi factori, precum
varsta, durata diabetului zaharat, activitatea fizica, ritmul circadian, etc. Cu toate
acestea, informatiile disponibile 1n literatura privind modificarea dozelor de insulina la
tranzitia de la IMZ la PSCI si caracteristicile ratei bazale cu PSCI in functie de grupele
de varstd, sunt in numar redus. ldentificarea variatiilor dozelor de insulina pe
subgrupuri de indicatii si respectiv categorii de varsta la pacientii cu DZ1, precum si
identificarea caracteristicilor profilului insulinic bazal cu PSCI pe categorii de varsta,
poate contribui la optimizarea precoce a controlului glicemic, imediat dupa conversia
terapeutica.

Rezultate
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Modificarea dozelor de insulind la tranzitia de la IMZ la PSCI in functie de
indicatia pompei de insulind

S-au obtinut corelatii Pearson pozitive, semnificative statistic, intre dozele de
insulina totale (r=0.696, p<0.0005) (U/kg/zi), prandiale (r=0.589, p<0.0005) (U/kg/zi)
si bazale (r=0.582, p<0.0005) (U/kg/zi), administrate cu IMZ si PSCI. Doza totala pe
greutate corporala s-a corelat negativ, slab, dar semnificativ statistic cu procentul de
insulina administrata ca necesar bazal (r=-0.263; p=0.028), dar nu si cu durata
diabetului zaharat (r=-0.232; p=0.053).

Toate dozele de insulina pe greutate corporala s-au redus la tranzitia de la IMZ
la PSCI: doza totala zilnica cu PSCI s-a redus la 78.3+15.6% din doza cu MDI, necesarul
bazal s-a redus la 79.4+26.4% din cel cu IMZ, iar necesarul prandial s-a redus la
82.2+23.7% din cel anterior cu IMZ, fara diferente semnificative intre grupurile de
indicatii. Cea mai mare reducere a dozei totale s-a evidentiat pentru indicatia de
hipoglicemii recurente cu IMZ (76.3+13.9% din doza cu IMZ), iar a dozei prandiale
pentru grupul cu HbAlc 28.5% cu IMZ (78.1+19.3%); necesarul bazal s-a redus cel mai
mult In grupul cu hipoglicemii recurente cu IMZ (71.7+24.6% din cel cu IMZ).

Modificarea dozelor de insulind la tranzitia de la IMZ la PSCI in functie de
categoriile de vdrstd

La trecerea de la IMZ la PSC], toate dozele de insulina s-au redus in cadrul celor
patru categorii de varsta: doza totald zilnica s-a redus la 85.2+17.5% din doza
anterioara cu IMZ, necesarul prandial la 83.9+18.7 si cel bazal la 94.1+34.6% din doza
anterioara cu IMZ la grupul prepubertar; in grupul de adolescenti, doza totala zilnica s-
a redus la 81.4+9.8%, necesarul prandial la 87.9+20.9%, iar cel bazal la 77.2+21.5%
din dozele administrate cu IMZ; in grupul de adulti tineri 18-25 ani, necesarul insulinic
total s-a redus la 67.4+16.3% din doza anterioar3, cel prandial la 68.6+24.1%, iar cel
bazal la 70.2£21.8% din dozele cu IMZ; in grupul adult peste 25 ani, necesarul insulinic
total a scazut la 80.2+14.0% din cel cu IMZ, necesarul prandial s-a redus la
87.9+£25.8%, iar cel bazal la 79.7+25.5% din dozele anterior admnistrate cu IMZ.

Diferentele medii au fost semnificative statistic intre grupurile comparate
pentru toate categoriile de varsta cu exceptia necesarului bazal U/kg/zi din grupul
prepubertar , precum si a procentelor bazal si rapid in toate categoriile de varsta. Cele
mai mari reduceri semnificative ale dozelor totale, prandiale si bazale la tranzitia de la
IMZ la PSCI au fost Inregistrate In grupul adult tanar 18-25 ani.

Caracteristicile ratei bazale in functie de categoriile de varsta la
initierea PSCI

S-au stabilit corelatii Spearman pozitive, semnificative statistic intre rata bazala
totala (U/24h) si greutatea pacientului (r=0.515; p<0.0005), durata diabetului zaharat
tip 1 (r=0.293; p=0.014), varsta la initierea tratamentului cu PSCI (r=0.313; p=0.008) si
HbA1c la initierea PSCI (r=0.353; p=0.003).



Pentru doza totala de bolus administrata zilnic cu PSCI (U/24h), s-a stabilit o
corelatie Pearson moderat3, pozitiva doar cu greutatea pacientului (r=0.329; p=0.005).

Am efectuat o regresie multipla pentru a aprecia influenta virstei, duratei
diabetului zaharat, a greutatii, sexelor si indicatiilor terapeutice ale PSCI asupra ratei
bazale totale U/24h, considerata ca variabila dependenta. Variabilele independente
testate in model au avut valoare predictivda semnificativa statistic pentru rata bazala
totala, F(5, 64) = 6.991, p <0 .0005, adj. R? = 0.30. Variabilele independente: greutatea
pacientului (p<0.0005) si varsta la initierea pompei de insulind (p=0.018), au
contribuit semnificativ statistic la predictia ratei bazale totale.

Concluzii

Recomandarile privind tranzitia de la IMZ la PSCI, variatia dozelor de insulina si
modul de stabilire a profilului insulinic variaza in functie de experienta diferita a
centrelor unde se realizeaza schimbarea terapiei. Studiul actual este primul din
Romania care identifica modificarile necesarului insulinic la tranzitia terapeutica IMZ-
PSCI, in acelasi timp realizind si o descriere aprofundata a variatiei dozelor de insulina
in functie de indicatiile terapiei cu PSCI si categoriile de varsta. De asemenea, au fost
investigate si stabilite caracteristici ale profilului insulinic bazal cu PSCI, toate acestea
contribuind implicit la o facilitare a tranzitiei viitorilor pacienti cu DZ1 de la terapia cu
IMZ la pompa de insulind, cu evitarea Intarzierilor in optimizarea metabolica a
pacientilor.

Dozele de insulina totale, bazale si prandiale cu PSCI s-au corelat puternic,
pozitiv si semnificativ cu cele administrate cu MDI. Dozele anterior utilizate cu IMZ au
explicat variabilitatea noilor doze cu PSCI in proportie de 47.7% pentru doza totala,
32.9% pentru necesarul bazal si respectiv 33.7% pentru necesarul prandial.

La trecerea de la IMZ la PSCI, toate dozele de insulina s-au redus semnificativ
clinic si statistic, procentual cu aproximativ 20% si in medie cu 0.19U/kg pentru doza
totald zilnica, pentru necesarul bazal cu 0.08 U/kg si cu 0.10 U/kg pentru necesarul
prandial. Per ansamblu, raportul bazal/prandial cu IMZ de aproximativ 40%/60 %, s-a
mentinut cu PSCI la aceleasi valori.

Segmentat pe indicatiile terapeutice ale PSCI, dupa optimizarea profilului
insulinic cu PSCI, noile doze administrate, totale, prandiale si bazale nu au fost diferite
pe categoriile de indicatii. Desi dozele pe greutate corporala cu PSCI nu au variat
semnificativ cu indicatia PSCI, raportul prandial/bazal a fost semnificativ diferit. Doar
variatia raportului bazal/prandial pe categoriile de indicatii clinice ale PSCI a fost
diferita: categoria de pacienti care a initiat PSCI pentru hipoglicemii recurente cu IMZ a
prezentat un necesar bazal cu 6.4% mai redus, respectiv un necesar prandial
complementar crescut, comparativ cu pacientii care au initiat PSCI pentru indicatia de
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dezechilibru metabolic, care au urmat o distributie bazal/prandial ce se incadreaza in
media de 40%/60%.

La tranzitia IMZ-PSCI, reducerea necesarului bazal a fost cea mai importanta in
grupul cu hipoglicemii recurente cu IMZ, cu pana la 30% si cu aproximativ 20% pentru
celelalte doud indicatii. Necesarul prandial s-a redus cu pana la 20% atunci cand
indicatia pompei a fost reprezentata de dezechilibru metabolic si cu aproximativ 15%
pentru alte indicatii. Cea mai importanta reducere a dozei totale a fost Inregistrata in
grupurile cu indicatia de HbAlc 28.5% cu IMZ si la cel cu hipoglicemii recurente cu
IMZ.

La analiza pacientilor pe categorii de varstd, am identificat diferente
semnificative statistic Intre dozele totald, prandialad si bazala administrate cu PSCI, cu
cele mai mai valori in grupul de adolescenti 12-18 ani. Cele mai mici doze pe greutate
corporald s-au observat la adultii peste 25 ani. Cu PSCI, raportul bazal/prandial nu a
variat semnificativ, la grupul prepubertar fiind identificat un raport bazal/prandial de
38%/62%, iar pentru celelalte categorii de varsta, de aproximativ 40%/60%, cu
necesarul bazal sub nivelul de 50% citat frecvent in literatura.

La tranzitia IMZ-PSCI, toate dozele de insulina s-au redus in toate categoriile de
varstd, cele mai mari scaderi ale dozelor, cu peste 30% din valorile anterioare fiind
observate la categoria de adulfi tineri 18-25 ani. In celelalte categorii de varsts, doza
totala s-a redus in medie cu 15% pana la 20%; doza prandiala s-a redus in medie cu
12% pana la 15%; doza bazala s-a redus cu aproximativ 5% in grupul prepubertar si cu
20-23% in celelalte categorii de varsta.

Rata bazala totald U/24h dupa optimizarea dozelor, s-a corelat pozitiv cu
greutatea pacientului, durata diabetului zaharat, varsta si HbAlc de referinta.

S-au identificat ca si factori predictivi pentru rata bazala totala (U/24h):
greutatea pacientului si varsta la initierea pompei de insulind, cu cresterea necesarului
insulinic odata cu cresterea in greutate si pe masura reducerii varstei candidatilor la
PSCL

Distributia circadiana a ratei bazale a prezentat un aspect bifazic pentru toate
categoriile de varsta, ca urmare a sensibilitdtii crescute la insulind In perioada
pranzului. in grupul prepubertar 6-12 ani, necesarul bazal cel mai crescut a fost
observat intre orele 20:00-24:00, iar in grupurile de adolescenti, adulti tineri si adulti,
necesarul insulinic bazal cel mai crescut s-a observat intre orele 04:00 - 10:00. Ratele
bazale procentuale din intervalele 24:00-3:00 si 07:00-12:00 au variat semnificativ in
cadrul categoriilor de varsta. Rata bazala procentuala din intervalul 24:00-03:00 a fost
cea mai crescutd in grupul prepubertar 6-12 ani. Rata bazalad procentuala din intervalul
07:00 -12:00 a fost mai crescuta la adolescenti si adulti. Rata bazala orara a prezentat
cele mai mari valori in grupul prepubertar 6-12 ani pentru orele 10:00, 24:00 si 01:00,
care au variat semnificativ In cadrul categoriilor de varsta.

Rezultatele obtinute au aplicabilitate practica imediata, astfel incat cunoscand
variatiile dozelor in functie de indicatie si categoria de varsta, precum si aspectul



profilului ratei bazale, vom putea initia eficient si precoce terapia cu PSCI in varianta
optimizata conform profilului pacientului.

18



Studiul 3. Factori predictivi pentru optimizarea
echilibrului metabolic cu pompa de insulina in
diabetul zaharat tip 1

Introducere

Terapia cu pompa de insulina si-a dovedit beneficiile In cadrul unor subpopulatii
de pacienti bine selectati, In termeni de control glicemic imbunatatit cu reducerea
numdrului de injectii zilnice, reducerea severitatii hipoglicemiilor, cresterea
flexibilitatii, calitatii vietii si preferintei pacientilor pentru acest tip de tratament20 31-34,
Daca luam 1n considerare faptul ca majoritatea pacientilor cu DZ1 reusesc sa realizeze
obiective glicemice acceptabile cu un regim de IMZ riguros aplicat, atunci tratamentul
cu pompa de insulina trebuie rezervat acelor subpopulatii de pacienti pentru care s-au
demonstrat cele mai mari benficii, cu evitarea situatiilor in care, din cauza deteriorarii
echilibrului metabolic, pacientii renunta la acest tratament costisitor pentru sistemele
de sdnatate, situatie frecvent citatd in cazul adolescentilor, care revin la terapia
anterioara cu IMZ35.

In literatura de specialitate sunt frecvent citate reduceri modeste ale HbAlc,
precum in meta-analiza Misso, In care a fost identificatd o reducere de 0.3% a
hemoglobinei glicate la tranzitia de la IMZ la PSCI 2. Obtinerea unor rezultate modeste
sau nesemnificative clinic sunt rezultatul unei initieri necorespunzatoare sau a unei
utilizari defectuoase a tratamentului cu pompa de insulind. Este importanta evitarea
hiperglicemiei persistente, cu nivele crescute ale HbAlc, asociate pe termen lung cu
complicatii micro- si macrovasculare, in special in cazul copiilor si adolescentilor3é 37,

Din pdacate, Ins3, pacientii cu DZ1 care ating tintele propuse pentru HbA1lc sunt
relativ putini, in jur de 27%38. In consecinti, selectarea candidatilor potriviti pentru
noile tehnologii costisitoare de adminsitrare a insulinei, precum PSCI, reprezinta o
provocare pentru clinician, si exista relative putine studii care au investigat factorii
care ar putea realiza o predictie a sansei de obfinere a controlului glicemic optim cu
PSCI pe termn scurt sau mediu dupa initierea acestui tratament39-41,

Ipoteza de lucru

Am dorit sa identificAm dintre caracterisiticile clinice ale pacientilor inregistrate
la externarea din clinic3, dupa initierea si stabilirea unui profil insulinic optim odata cu
tranzitia la pompa de insulina in cursul spitalizarii, acele variabile asociate cu
obtinerea unui raspuns metabolic optim la 3 luni. De asemenea, am dorit sa evaluam
potentialii predictori independenti pentru atingerea obiecivelor de control glicemic la
12 luni de la initierea PSCI. Acest lucru ar facilita identificarea candidatilor la PSCI,
potentand selectia prospectiva a pacientilor pentru acest tip de tratament.



Pentru evaluarea la 12 luni a predictorilor raspunsului metabolic favorabil, am
luat in considerare ca obiective terapeutice reducerea HbAlc cu minim 0.5% fata de
referinta, reducerea HbAlc cu 210% din valoarea de referintd cu IMZ si respectiv
atingerea unei HbAlc <7.5%.

Rezultate

Evolutia echilibrului glicemic pentru intregul lot de studiu a fost favorabilg,
HbA1c evoluand in sensul reducerii mediei sale din momentul de referinta (8.5+1.4%)
la 3 luni cu PSCI (7.8 £1.0%) si respectiv la 12 luni cu PSCI (7.8 £1.0%), cu diferente
semnificative statistic la testul t pentru perechi de variabile, intre momentul de
referinta si 3 luni (-0.6%; (-0.9; -0.3), p<0.0005), respectiv 12 luni (-0.6%; (-0.9; -0.3),
p<0.0005).

Din totalul pacientilor (70 pacienti) care au trecut de la IMZ la PSCI, doar un
procent de 35.7% (25) au atins obiectivul propus pentru HbAlc < 7.5% dupa 3 luni de
tratament cu PSCIL.

Dintre variabilele testate, doar HbAlc de referinta s-a dovedit a fi un factor
predictiv semnificativ statistic pentru atingerea HbAlc <7.5 la 3 luni. Pentru fiecare
scadere cu o unitate a HbA1c initial cu IMZ, creste sansa de a obtine HbAlc <7.51a 3
luni de 3.3 ori. O valoare initiala crescutda a hemoglobinei glicate de referinta scade
sansa de a ob{ine o HbA1c <7.5 la 3 luni.

Dupa 3 luni de tratament cu PSCI, 54.3% (38 de pacienti) din totalul celor care
au trecut la PSCI, au realizat o reducere de minim 0.5% a HbA1c fata de tratamentul de
referinta cu IMZ.

O valoare initiala crescuta a hemoglobinei glicate de referintd cu IMZ creste
sansa de a obtine o reducere a HbAlc cu minim 0.5% la 3 luni cu PSCI. Cresterea cu o
unitate a HbAl1c de referinta creste sansa de reducere a HbAlc cu minim 0.5% de 4.7
ori.

O valoare initiala crescuta a hemoglobinei glicate de referinta cu IMZ creste
sansa de a obtine o reducere a HbAlc la 3 luni cu PSCI cu 210% fatda de HbAlc de
referinta. Cresterea cu o unitate a HbA1lc de referinta creste sansa de reducere a HbAlc
cu cu 210% fata de HbA1lc de referinta de 4.7 ori.

Sansa de a obtine o reducere a HbA1lcla 12 luni cu PSCI cu 210% fata de HbAlc
de referinta creste pe masura cresterii valorii HbAlc de referin{d, precum si odata cu
cresterea varstei candidatilor la PSCI. De asemenea, odata cu cresterea HbA1lc initial si
avansarea In varsta peste 25 ani, creste sansa de a atinge obiectivul glicemic propus la
12 luni, de reducere a HbAlc cu 210% fata de HbA1lc de referinta.
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Concluzii

Studiu nostru a identificat in premiera factorii predictivi asociati optimizarii
controlului metabolic cu pompa de insulind pe termen scurt (3 luni) si lung (12 luni),
control metabolic cuantificat prin trei metode de apreciere a acestuia.

Am costatat cd in medie, pacientii au beneficiat per ansamblu de ameliorarea
echilibrului metabolic la 3 luni, mentinindu-se In medie la acelasi nivel si la 12 luni,
dar cu toate acestea ramanand in afara recomandarilor ghidurilor de tratament pentru
diabetul zaharat tip 1.

Luand in considerare cele trei metode de apreciere a echilibrului glicemic, ca si
proportie de pacienti care au atins obiectivele terapeutice vizate, la 3 luni, in medie
35% din pacienti au reusit sa atinga obiectivele mai ambitioase (HbAlc <7.5% si
respectiv reducerea cu = 10% din valoarea de referinta), iar pana la 55% au reusit sa
isi reduca HbAlc cu = 0.5% fata de hemoglobina glicatd de referinta. La 12 luni,
proportia pacientilor care au atins aceste obiective a fost foarte usor diferita fata de
cea observatd la 3 luni.

Pentru controlul metabolic pe termen scurt (3 luni) cu pompa de insuling,
singurul factor predictiv identificat a fost hemoglobina glicata din momentul tranzitiei
terapeutice de la IMZ la PSCI. Sansa de atingere a obiectivului mai strict HbAlc <7.5% a
fost mai crescuta la cei cu HbA1lc de referinta mai scazuta, iar pentru cei care au vizat
reduceri de 0.5% sau cu = 10% din valoarea de referintd, sansa de imbunatatire a
controlului metabolic a fost identificatd la cei cu echilibru metabolic precar, care au
avut HbA1lc de referinta in medie peste 9%.

De asemenea, am demonstrat ca pe termen lung (12 luni), HbAlc de referinta
este predictor independent pentru optimizarea controlului glicemic. Sansa de atingere
a obiectivului mai strict HbAlc <7.5% a fost mai crescuta la cei cu HbAlc de referinta
mai scazutd, iar pentru cei care au vizat reduceri de 0.5% sau cu = 10% din valoarea de
referin{d, sansa de imbunatatire a controlului metabolic a fost identificata la cei cu
echilibru metabolic precar, care au avut HbAlc de referinta in medie peste 9%. Mai
mult, in cazul unei reduceri mai consistente, cu = 10% din valoarea de referinta, pentru
optimizarea controlului metabolic, pe langa HbA1lc crescuta la inifierea PSCI, a fost
identificat ca si predictor independent si varsta pacientilor peste 25 de ani la montarea
pompei de insulina.



Concluzii generale

Cea mai frecventd indicatie pentru inifierea terapiei cu pompa de insulind in
DZ1 a fost reprezentata de dezechilibrul glicemic persistent sub tratament bine condus
cu IMZ (HbAlc = 8.5%), cu o valoarea medie a HbAlc (9.6%), extrem de crescuta fata
de celelalte indicatii terapeutice ale PSCI (cu medii la initiere apropiate de valoarea
tintd a HbAl1c de 7.5%).

Beneficiul metabolic maxim, in termeni de magnitudine a reducerii HbAlc
HbA1c sub tratamentul cu pompa de insulind, s-a inregistrat la pacientii cu indicatia de
dezechilibru metabolic cu IMZ si HbAlc= 8.5%, atat dupa primele 3 luni, cat si la 6 luni,
cu mentinerea unei reduceri semnificative de 1% pana la 12 luni de tratament. Cu toate
acestea, echilibrul glicemic a ramas 1n afara obiectivelor de tratament recomandate de
ghidurile terapeutice in DZ1.

Initierea terapiei cu PSCI pentru indicatiile de crestere a flexibilitatii
tratamentului DZ1 si respectiv pentru reducerea frecventei hipoglicemiilor, nu s-a
asociat cu reduceri semnificative si persistente in timp ale HbAlc, dar valorile HbAlc
realizate 1n aceste categorii s-au inscris 1n obiectivul terapeutic < 7.5%.

Fenomenul ,dawn” a fost identificat la 54% din totalul pacientilor care au trecut
la tratamentul cu PSCI, fiind prezent cu o frecventd similara atit in grupul cu
dezechilibru glicemic persistent cu IMZ, cat si la cei cu hipoglicemii recurente sau cu
indicatia de inflexibilitate a IMZ.

Studiul actual a demonstrat ca indicatia de initiere a terapiei cu pompa de
insulind la pacientii cu HbAlc = 8.5% reprezinta un factor predictiv pentru obtinerea
unei reduceri semnificative a HbAl1c cu cel putin 10% din valoarea realizata cu IMZ
dupa 12 luni de tratament, cu o probabilitate de opt ori mai mare de imbunatatire a
echilibrului glicemic la 12 luni comparativ cu alte indicatii terapeutice ale PSCI.

Dozele de insulind totale, bazale si prandiale administrate cu PSCI s-au corelat
puternic, pozitiv si semnificativ cu cele administrate cu MDI. Dozele anterior utilizate
cu IMZ au explicat variabilitatea noilor doze cu PSCI in proportie de 47.7% pentru doza
totala, 32.9% pentru necesarul bazal si respectiv 33.7% pentru necesarul prandial.

La trecerea de la IMZ la PSCI, toate dozele de insulina pe greutate corporala s-au
redus semnificativ, cu aproximativ 20%. Dozele de insulina administrate cu PSCI si
repartitia procentelor bazal/prandial au variat In functie de indicatii si categoriile de
varsta.

Pentru intreg lotul de studiu, raportul bazal/prandial realizat in cursul terapiei
cu PSCI a fost de 40%/60%, similar cu cel realizat cu IMZ. Acest raport procentual a
variat in functie de indicatiile PSCI, la cei cu hipoglicemii recurente cu IMZ, proportia
insulinei necesare substitutiei bazale fiind cu 6.4% mai redusa, respectiv necesarul
prandial mai crescut complementar, comparativ cu pacientii care au initiat PSCI pentru
indicatia de dezechilibru metabolic, care au urmat o distributie a raportului de
40%/60%. Pe categorii de varsta, raportul bazal/prandial nu a variat semnificativ.
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La tranzitia de la IMZ la PSCI, reducerea necesarului bazal a fost cea mai ampla
in grupul cu hipoglicemii recurente cu IMZ (cu pana la 30%), cu reduceri de 20%
pentru celelalte indicatii. Necesarul prandial s-a redus cu pana la 20% atunci cand
indicatia pompei a fost reprezentata de dezechilibru metabolic si cu aproximativ 15%
pentru alte indicatii.

Toate dozele de insulina s-au redus in toate categoriile de varsta la tranzitia
IMZ-PSCI, cele mai mari reduceri (cu peste 30%) fiind observate la categoria de adulti
tineri 18-25 ani. Am identificat cele mai mai doze pe greutate corporalda cu PSCI in
grupul de adolescenti 12-18 ani si cele mai mici la adultii peste 25 ani.

Rata bazald totald U/24h dupa optimizarea dozelor, s-a corelat pozitiv cu
greutatea pacientului, durata diabetului zaharat, varsta pacientului si HbAlc de
referinta.

S-au identificat ca si factori predictivi pentru rata bazala totala (U/24h):
greutatea pacientului si varsta la initierea pompei de insulind, cu cresterea necesarului
insulinic odata cu cresterea In greutate si pe masura reducerii varstei candidatilor la
PSCIL.

Distributia circadiana a ratei bazale a prezentat un aspect bifazic pentru toate
categoriile de varsta. Necesarul bazal a variat in functie de categoria de varsta: rata
bazala cea mai crescuta a fost observatd in grupul prepubertar 6-12 ani, Intre orele
20:00-24:00, iar in grupurile de adolescenti, adul{i tineri si adulti, intre orele 04:00-
10:00.

Cu PSCI, in medie 35% din pacienti au reusit sa isi amelioreze echilibrul
metabolic la 3 luni (HbAlc <7.5% si respectiv reducerea cu = 10% din valoarea de
referintad), iar panad la 55% au reusit sa 1si reduca HbAlc cu = 0.5% fata de hemoglobina
glicata de referintd; procentele identificate la 12 luni au fost aproximativ similare.

Hemoglobina glicatd din momentul tranzitiei terapeutice de la IMZ la PSCI fost
identificata ca factor predictiv pentru controlul metabolic pe termen scurt (3 luni) si
lung (12 luni) cu pompa de insulind; sansa de atingere a obiectivului mai strict HbAlc
<7.5% a fost mai crescuta la cei cu HbAlc de referinta mai scazuts, iar pentru cei care
au vizat reduceri de 0.5% sau cu = 10% din valoarea de referintd, o sansa crescuta de
imbunatatire a controlului metabolic a fost identificatd la cei cu echilibru metabolic
precar, care au avut HbA1c de referinta in medie peste 9%.

La 12 luni, pentru reducerea HbAlc cu = 10% din valoarea de referinta a fost
identificat ca predictor independent, pe langa HbAlc crescuta la initierea PSCI, varsta
pacientilor peste 25 de ani la montarea pompei de insulina.
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Type 1 diabetes mellitus represents only 5-10% of all diabetes cases, but due to
its chronic nature and subsequent risk of long-term complications and permanent
need of exogenous insulin, it has a major impact on an individual, familial, social and
economic level. Although the disease is frequently diagnosed in childhood, when its
incidence is also the highest, technically most people with type 1 diabetes are adults.

Although the prognosis of type 1 diabetes radically changed once insulin was
discovered almost a century ago, microvascular chronic complications and high
cardiovascular risk still add severity to this disease, which has intrinsic high morbi-
mortality. Large scale studies in type 1 diabetes demonstrated intensive glycemic
control reduces microvascular risk and delays progression of complications. Intensive
glycemic control can be achieved by administering daily exogenous insulin injections
or continuous insulin infusion with external insulin pumps.

Treatment with insulin pump in type 1 diabetes is a result of the progression of
therapeutic technology in the past 30 years; meanwhile, improvements of this method
of administration have allowed it to be readily used in clinical practice for selected
cases in order to obtain maximum therapeutic benefits compared to multiple daily
insulin injections, benefits such as metabolic control, low hypoglycemia rates, low
glycemic variability and improved quality of life.

Nevertheless, usage rates of insulin pumps in diabetes mellitus are still quite
low, with geographic variability and mainly dependent on the high cost of this therapy.
That is why in Romania the number of type 1 diabetes patients that benefit from free
insulin pump therapy in the settings of the National Program of Diabetes Mellitus is
very low. In order to obtain good outcomes with insulin pump therapy in people with
type 1 diabetes a rigorous selection of candidates is necessary. The candidates have to
be categorized based on the indications endorsed by international professional
societies and the initiation, monitoring and evaluation of the treatment have to be
performed in a center specialized in this type of treatment. The transition from
multiple daily insulin injections to insulin pump is a decisive moment for the
therapeutic success of this new, complex technology.

The aim of this paper was to thoroughly characterize the transition moment
from multiple daily injections to insulin pump, the metabolic control achieved with the
new therapy in the short, medium and long term, in a group of patients with type 1
diabetes, included in the National Insulin Pump Program. We aimed at evaluating
clinical characteristics and therapeutic indications of type 1 diabetes patients
switching to insulin pump treatment, in a complex manner. We also aimed at analyzing
the variation of insulin need in the transition process, in relation with clinical
indications of pump therapy and age categories. We also studied the characteristics of
the optimized basal rate achieved with insulin pump in relation to age categories and
we identified the predictive factors of the basal rate needed for achieving an optimum
insulin profile. We studied the therapeutic efficacy of insulin pump therapy in the short
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and long term and the predictive factors for optimization of the metabolic control with
this type of treatment.

Detailed description of all these characteristics serves for a well-documented
therapeutic decision, where a rigorous selection of candidates for insulin pump
therapy is performed and the most likely ones to achieve pre-set metabolic targets are
identified. Also, the results can support recommendations for a subpopulation of type 1
diabetes patients that will benefit the most from insulin pump therapy and can guide a
timely optimization of the insulin profile and a fast achievement of metabolic control
by the candidates, in relation with the identified characteristics.

The originality of the paper consists in the approached subject, since it is the
first Romanian paper about insulin therapy with external insulin pump in type 1
diabetes. Therefore, all studies performed for this paper and the results presented are
a premiere for our country and are counted as local clinical experience in the larger
international pool of scientific papers in this therapeutic area.

PERSONAL CONTRIBUTION

Hypothesis/objectives

General hypothesis of the personal research

Rigorous selection of candidates, positioning of candidates in the appropriate
categories of indications endorsed by international professional societies and
initiation, monitoring and evaluation of therapy in a specialized center are needed in
order to successfully apply insulin pump therapy in people with type 1 diabetes.

The general hypothesis of the personal research aims to study the improvement
of insulin pump therapy initiation, identification of the best responders to the insulin
pump therapy, early identification of insulin profile characteristics when switching to
insulin pump therapy and identification of predictive factors for an optimum metabolic
response immediately after initiation of insulin pump therapy and 12 months after. All
these elements contribute to a better decision process and a correct recommendation
for this subpopulation of type 1 diabetes patients, thus allowing a fast achievement of
metabolic control with the new therapy.

Objectives of the personal research

4. To identify clinical characteristics of TIDM patients initiating insulin
pump therapy and to analyze the indication for this therapy, in relation to the
therapeutic response achieved.



5. To establish the therapeutic efficacy of insulin pump therapy in obtaining
metabolic control, to identify the variation of insulin doses in switching from multiple
daily injections to insulin pump and to establish the profile of the basal rate in relation
to the age categories.

6. To identify the predictive factors for optimization of metabolic control at
initiation of insulin pump therapy and 12 months after.

General research design

Types of studies

Three retrospective, observational, clinical studies were included in this paper:

STUDY 1: Indications of insulin pump therapy and metabolic control
achieved in type 1 diabetes

STUDY 2:  Variation of insulin doses in switching from multiple daily
injections to insulin pump and characteristics of the insulin profile obtained with
insulin pump in type 1 diabetes.

STUDY 3:  Predictive factors for optimization of metabolic control with
insulin pump in type 1 diabetes.

The study population comprises people with type 1 diabetes, included in the
National Program of Diabetes Mellitus, with an approved request for insulin pump 1!
during January 2002- December 2011.

Mandatory criteria for inclusion of patients in this program were:

e Patients with permanent insulin therapy:

o0 Children with T1DM who cannot obtain glycemic control with intensive
insulin therapy correctly administered;

©  Adults with T1DM over 18 years of age who cannot obtain glycemic
control with intensive insulin therapy correctly administered;

©  Pregnant women with T1IDM

e Patients with temporary insulin therapy:

O Gestational diabetes or pregnant women with diabetes mellitus and
insulin therapy who cannot obtain glycemic control with intensive insulin
therapy;

o Any type of glycemic lability that cannot be controlled with intensive
insulin therapy.

Stopping the use of insulin pump can be recommended by a diabetologist in the
following circumstances:
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e Lack of adherence or improper adherence of the patient to the monitoring
schedule and regular specialized check-ups during use of pump;
e Insulin pump therapy does not prove efficiency.

For the current study, the following exclusion criteria were used:
e Type 2 diabetes mellitus or other type of diabetes
e T1DM treated with multiple daily injections for less than 1 year
e Remission period of T1D
e Pregnancy and type 1 diabetes
e Current acute diseases
o Other chronic diseases
e Chronic medication that may influence glycemic values (ex.
glucocorticoids)

Considering the above mentioned criteria, we included 70 people with T1DM
who were addressed to the Center of Diabetes, Nutrition and Metabolic Diseases in Cluj
Napoca from out-patient units/ hospitals from different areas of Romania, for initiation
of insulin pump therapy.

At enrollment, patients/ legal guardians of children signed informed consent
and they were subsequently admitted to the clinic for one week in order to initiate
insulin pump treatment. At admission, a detailed medical history was collected, a
physical exam and psychologic evaluation were performed and demographic data (age,
sex, and environment), duration of diabetes, anthropometric parameters (weight,
height, and body mass index) and data about the current insulin regimen and insulin
doses were collected.

At discharge, data about the new doses of insulin administered with the pump
and the insulin profile obtained after dose adjustment were collected. Glycemic
parameters were followed at 3, 6 and 12 months after initiation of insulin pump
therapy.

The insulin pumps used within the setting of the National Program were Accu-
Check Spirit (Roche) or Medtronic Paradigm Real-Time/Veo or Minimed 508 and
selecting of one type of pump was determined by the models available at the time of
admission. The setup of the pumps was performed during hospital admission.

During hospital admission, patients or the legal guardians (for children)
attended daily therapeutic education sessions (performed by a team specialized in
insulin pump therapy consisting of physicians, psychologists and nurses) explaining
the new method, how to use the pump, management of special situations, management
of hypoglycemia/hyperglycemia, insulin dose adjustment etc. The knowledge acquired
by the patients/ legal guardians were evaluated by a test at the end of the education
sessions. Nutritional recommendations received during hospital admission were
subsequently applied by patients in their daily living.

Before initiating insulin pump therapy, patients/ legal guardians signed an
affidavit to respect the medical recommendations issued to them, to monitor their



blood glucose levels 3-4 times a day and to respect the medical check-up schedule. On
the contrary, if the results with the new therapy were not favorable, the diabetologist
could decide to stop insulin pump therapy.

In preparation of insulin pump therapy, patient undergoing treatment with a
long acting insulin analog at bedtime were switched to human intermediate acting
insulin on the evening prior to the start of it.

For initial doses of insulin pump therapy, we used the mean total daily dose with
multiple daily injections that was reduced 20+£5%, with the remaining divided 40-50%
for the basal rate and the difference for boluses. The insulin used in the pump was
exclusively a rapid insulin analog. We computed the correction factor, the
insulin/carbohydrates ratio and the hourly basal rates. The basal rates were
subsequently adjusted according to the patients’ most sensible time period to insulin
action. During admission, we tested the basal rates in different time intervals of the
day; the correction factor and the insulin/carbohydrates ratio were adjusted according
to each time interval of the day. A very low number of patients (with Paradimg RT/Veo
pumps incorporating a blood glucose sensor) were able to adjust the doses guided by
data obtained during continuous glucose monitoring.

Data were collected in the Excel application of the Microsoft Office software.

Statistical analysis was performed with IBM SPSS Statistics v. 22 (IBM
Corporation). We considered 95% confidence intervals, with a probability value of
p<0.05 meaning a statistically significant association; p>0.05 statistically not
significant; p<0.01 very statistically significant; p<0.001 highly statistically significant.

Testing for normal distribution of variables was performed with Shapiro Wilk
test and subsequently appropriate tests were selected and applied to each type of
variable. Descriptive statistics for continuous variable with normal distribution are
presented as mean * standard deviation and as proportion (%) for discrete variables.
Appropriate statistical tests were applied to each type of variable analyzed.

To compare categorical variables, x? test was applied.

To compare paired variables with normal distribution, t (Student) test was
applied; for asymmetric variables, Wilcoxon test.

Multiple symmetric independent samples were analyzed with One-way ANOVA
test and the ones with asymmetrical distribution with Kruskal-Wallis test; both
methods were subsequently followed by post-hoc analyses. The Friedman test of
variance by ranks was applied to asymmetrical dependent variables, when more than
two measurements in different moments in time were performed.

To establish association between different symmetric variables, Pearson test
was used; for asymmetrical variables, Spearman test.

Regressions were performed to evaluate the relationship between variables and
to predict the value of one variable in relation to the other variables tested; Odds Ratio
(OR) and 95% confidence interval were computed accordingly, with statistical
significance set at a value of p<0.05.
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The 1st Study. Insulin pump indications and
metabolic control with this treatment in type 1
diabetes

The increasing worldwide T1D incidence? 3, led to an increased use of new
therapeutic options for physiologic insulin replacement. Recent data has shown that in
Romania 3196 children under 18 years old are diagnosed with T1D. although the
disease is frequently diagnosed in children, the number of adults with T1D is the
highest®.

CSII use has been proven safe and effective in numerous randomized and
observational clinical trials, in terms of glycaemic control, glycaemic variability,
hypoglycaemia and quality of life®14.

The number of insulin pump users in Romania is not known exactly, considering
the increased treatment costs (at least double costs versus MDI) 15; National Insurance
House data show that only 300 persons with diabetes mellitus using reimbursed
insulin pump consumables, being included in the National Diabetes program for insulin
pumps 1, but practically, the real number of insulin pump users is probably higher,
considering that some patients support their own insulin pump treatment costs.

The main CSII indications in children and adults, endorsed by international
therapeutic consensuses are the following: failure to achieve glycaemic targets during
well conducted MDI treatment and frequent SMBG (self-monitored blood glucose),
recurrent hypoglycaemia, T1D and pregnancy or in case of inflexible or inappropriate
MDI for patient’s lifestyle, decreasing patient’s quality of life¢-18,

Hypothesis

Although multiple professional societies have elaborated recommendations for
insulin pump indications, there is still debatable which of these clinical indications is
associated with the highest metabolic benefit, which if maintained in the long run will
help decrease the risk of diabetes related chronic complications. As this information
for the T1D population in Romania is missing, we aimed to analyze the clinical
characteristics and CSII clinical indications of T1D patients switching treatment from
MDI to CSII, as well as their relationship with the glycaemic control parameters
registered during CSII treatment.

Results

Patients admitted in the Romanian national insulin pump program for T1D were
divided into 3 groups according to the main indications for insulin pump therapy
recommended by international diabetes professional societies: group 1 - high HbAlc 2
8.5% with MDI therapy, group 2 - MDI treatment inappropriate or impractical and
group 3 - recurrent hypoglycaemia on MDI. 50% of total patient population switched



to CSII for HbAlc = 8.5% with MDI. Chi square test indicated a significantly different
frequency of CSII treatment indication, with an observed higher frequency of poor
metabolic control with MDI and HbAlc = 8.5% and reduced frequency of recurrent
hypoglycaemia with MDI indication, x? (2)=12.371, p=0.002.

HbA1c at 3 months with CSII

Spearman correlation analyses did not identify any significant correlations
between baseline HbAlc and HbAlc at 3 months with CSII for any of the clinical
indications.

Median HbA1c after 3 months of CSII was the highest in the HbA1¢=8.5% group
at baseline(8.0%; IQR 7-9), the lowest in the recurrent hypoglycaemia with MDI group
(6.6%, IQR 5.8-7.4) and 7.6%, IQR (interquartile range) 6.8-8.4 in the inflexible MDI
group.

Patients who started CSII for increased HbAlc = 8.5% with MDI, after 3 months
CSII treatment had a statistically significant decrease of median HbA1lc of 1%, (median
HbAlc 8%) from baseline (median HbAlc 9.2%), when treatment difference was
evaluated with Wilcoxon signed rank test, p<0.0005.

For the inflexibility of MDI indication group, Wilcoxon signed-rank test did not
show significant differences in HbAlc at 3 months, p=0.248. The same outcome was
found in case of recurrent hypoglycaemia with MDI, p=0.181.

HbAIc at 12 months with CSII

No significant correlations were found between baseline and 12 month HbAlc
with CSII for any of the CSII indications.

At 12 months, HbAlc distribution with CSII for indication subgroups were
significantly different with Kruskal-Wallis test, x2 (2) = 13.650, p=0.001. The post-hoc
analysis found significant differences between HbA1lc in the recurrent hypoglycaemia
group (mean rank = 20.00) and the HbAlc = 8.5% with MDI group (mean rank =
43.79), (p=0.002), as well as between the inflexible MDI group (mean rank = 30.52)
and the HbAlc = 8.5% with MDI (p=0.041) group, but not between the recurrent
hypoglycaemia group and the MDI inflexible group.

We aimed to assess whether a certain therapeutic indication for CSII has an
effect on the probability of achieving an improved glycaemic control at 12 months with
CSIIL

A significant improvement of HbAlc at 12 months was defined as a 210% HbA1lc
decrease from the baseline value; the patient subgroup achieving the planned target
was defined as “responder” group.

Binomial logistic regression analysis tested whether the CSII indications “poor
glycaemic control HbAlc = 8.5% with MDI” or , other therapeutic indications” have an
impact on the odds of achieving a significant HbAlc reduction at 12 months (210%
HbA1c reduction from baseline). Patients with the indication “poor glycaemic control
HbAlc 2 8.5% with MDI” had an 8 times increased odds of achieving the glycaemic
target set for 12 months with CSII, compared to other therapeutic indications.
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Conclusions

Patient switching from MDI to CSII clinical profile is characterized by
heterogeneity regarding age at CSII initiation (mainly adolescents and adults), age at
T1D onset, with the preponderance of women in the category over 25 years and poor
glycaemic control at treatment transition (mean HbA1lc 8.5+1.4%).

The most frequent indication for insulin pump initiation was persistent poor
glycaemic control despite well-conducted MDI (HbAlc = 8.5%), with mean HbAlc
9.6£1.1%, extremely increased compared to the other groups of indications (with
mean HbA1lc values of 7.5%), with a similar indication frequency across age categories
and mainly in females.

MDI treatment inflexibility was the most frequent reason for the change of
therapy for T1D in adolescents, with mean HbAlc (7.7+0.4%) close to the
recommended therapeutic target; recurrent hypoglycaemia with MDI was identified
mainly in women, in the 18-25 year old and pre-pubertal 6-12 years old age groups,
with mean HbAlc < 7% at CSII start.

The dawn phenomenon in patients who started CSII was identified with similar
frequency across the three therapeutic indications, impacting 54% of the whole patient
population.

The maximum HbA1c decrease was found in patients with the poor glycaemic
control with MDI indication and HbA1lc> 8.5% after the first 3 months, as well as at 6
months and 12 months, the significant Alc reduction persisting (-1%) up to 12 months
of CSII treatment. Despite this, glycaemic control remained suboptimal until the 12
month follow-up period, yet the maximum metabolic benefit was identified only in the
patient population with poor metabolic control at CSII initiation, with a higher chance
of decreasing the risk of chronic complications in this subgroup.

CSII indication for increasing T1D treatment flexibility and for the decrease in
frequency of recurrent hypoglycaemia, were not associated with significant, sustained
HbAlc reductions along time, but HbAlc median values were according to the
recommended treatment targets for HbAlc < 7.5%.

Our study demonstrated that the indication to initiate CSII in patients with poor
glycaemic control and HbAlc = 8.5% with MDI is a predictor for the attainment of a
significant HbAlc reduction with at least 10% of the baseline HbA1lc value after 12
months of CSII treatment, compared to other therapeutic indications.



The 2nd Study. Insulin dose variation at transition from
multiple daily injections to insulin pump therapy and
characteristics of insulin profile with the insulin pump

Introduction

Since the discovery of insulin in the 1920s, the evolution of type 1 diabetes
changed dramatically and continuous efforts have been made during the subsequent
years in order to achieve the best glycaemic control and reduce the risk of chronic
complications by mimicking non-diabetic insulin secretion. This objective became
close to reality through intensive insulin treatment with multiple daily injections or
insulin pumps.

Insulin pump use increased considerably among the pediatric population during
the last decade in developed countries, especially in pre-school children!? 19,
Numerous studies demonstrated improved glycaemic control, less severe and reduced
frequency of hypoglycaemia, increased quality of life, increased treatment satisfaction
and reduced glycaemic variability with continuous subcutaneous insulin infusion
compared to multiple daily injections 6-10.20-23, hut with the disadvantage of increased
costs, increased treatment complexity and reduced treatment access in developing
countries due to financial constrains in healthcare systems.

When switching from MDI to CSII, changes in insulin need are required,
generally a 10-20% reduction in total daily dose, due to different pharmacokinetics of
the two treatment modalities 24. An important step in starting CSII is determining the
new insulin requirement with CSlJ, especially the basal insulin profile and its circadian
distribution, representing 30-50% of the total insulin pump adjusted dosel?. 25
Nevertheless, transition from one treatment modality to the other is not clearly
defined in clinical guidelines and frequently the initial optimization of glycaemic
control is delayed, as multiple insulin pump dose adjustments are needed?z 26,
Moreover, basal and prandial insulin requirements seem to differ significantly in the
pediatric population compared to adults?’-29, despite the use in children of the
50%/50% basal /prandial ratio demonstrated in adults30.

Hypothesis

It is well known that insulin need is influenced by multiple factors such as age,
duration of diabetes, physical activity, circadian sequence, etc. Despite this, literature
data regarding insulin dose changes during transition from MDI to CSII and CSII basal
rate characteristics across age-groups, are scarce. Identifying insulin dose changes
across insulin pump indications and age groups in patients with type 1 diabetes,
respectively, as well as the identification of CSII age-related basal rate characteristics
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may enhance the early optimization of glycaemic control, immediately after the change
of therapy.

Results

Insulin dose changes during transition from MDI to CSII according to insulin pump
indication

There was a strong positive correlation (Pearson correlations) between MDI and
CSII total daily insulin doses (r = 0.696, p < 0.0005) (U kg-1), bolus (r = 0.589, p <
0.0005) (U kg-1) and basal (r = 0.582, p < 0.0005) insulin (U kg-1) needed. Linear
regression analysis established that each of the pre-pump insulin doses (total, basal
and prandial insulin doses) could statistically predict CSII corresponding insulin doses;
pre-pump total, basal and prandial requirements accounted for 47.7%, 32.9% and
33.7% of the explained variability in CSII total, basal and prandial insulin doses,
respectively.

All insulin requirements decreased when transitioning from MDI to CSII: total
daily insulin dose/kg decreased to 78.3 + 15.6%, bolus/kg/day decreased to 82.2 +
23.7% and basal/kg/day decreased to 79.4 + 26.4% of the previous MDI doses, with no
significant differences among the indication groups.

When indication groups were analyzed separately, paired samples t-tests
indicated statistically significant reductions in all insulin requirements when
transitioning from MDI to insulin pump (Fig. 1); overall mean reductions of 0.19 ((95%
Cl, 0.091 to 0.180)U kg-1, p < 0.0005) in total daily dose, of 0.08 ((95% CI, 0.091 to
0.10) U kg-1, p < 0.0005) in basal and of 0.10 ((95% CI, 0.06 to 0.10) U kg-1, p <
0.0005) in bolus requirements were found.

Insulin dose changes during transition from MDI to CSII according to age groups

Across all age groups, insulin requirements decreased when transitioning from
MDI to CSII: total daily dose decreased to 85.2+17.5%, prandial dose decreased to
83.9+18.7 and basal dose decreased to 94.1+34.6% of the previous MDI dose in the
pre-pubertal group; in the adolescent group, total daily dose decreased to 81.4+9.8%,
the prandial dose to 87.9£20.9% and the basal dose to 77.2+21.5% of the previous MDI
doses; in the young adult group 18-25 years, total daily dose decreased to 67.4+16.3%,
the prandial dose to 68.6+24.1% and the basal dose to 70.2+21.8% of the previous MDI
doses; in the adult group older than 25 years, total daily dose decreased to
80.2+14.0%, the prandial dose to 87.9+25.8% and the basal dose to 79.7+25.5% of the
previous MDI requirements.

Insulin dose mean differences were statistically significant across all age groups,
except for the basal insulin requirement U/kg/day in the pre-pubertal group and the
basal/prandial ratios across all age categories. The highest reductions in total, basal
and prandial insulin after the transition from MDI to CSII were seen in the young adult
group aged 18-25 years.

Age-related basal rate characteristics at CSII initiation



Positive, statistically significant Spearman correlations were found between the
total basal rate (U/24h) and patient weight (r=0.515; p<0.0005), type 1 diabetes
duration (r=0.293; p=0.014), age at CSII initiation (r=0.313; p=0.008) and pre-pump
HbA1lc (r=0.353; p=0.003).

Total bolus daily dose with CSII (U/24h) was positively, moderately correlated
with patient weight (r=0.329; p=0.005).

Multiple regression analysis was performed to evaluate the effect of age,
duration of diabetes, weight, sex and CSII clinical indications on total basal rate U/24h
as dependent variable. Independent variables tested in this model were statistically
significant predictive for total basal rate, F (5, 64) = 6.991, p <0 .0005, adj. R? = 0.30.
Independent variables: patient weight (p<0.0005) and age at insulin pump start
(p=0.018), significantly contributed to the prediction of total basal rate.

Conclusions

Recommendation regarding the transition from MDI to CSI], insulin dose
variation and the means of setting the insulin profile is widely dependent on the
clinical experience of different diabetes centers. The current study is the first of its
kind in Romania, identifying changes in insulin requirements during the therapy
transition MDI-CSII. The identified characteristics of the basal rate with CSII will
facilitate switching future patients from MDI to CSII, avoiding further delays in
achieving patient metabolic optimization.

Total, basal and prandial daily insulin CSII doses were strongly and positively
correlated with the MDI equivalents. Previous MDI insulin doses explained the
variability of CSII insulin doses as following: 47.7% of the total daily dose, 32.9% of the
basal need and 33.7% of the prandial requirement.

When switching from MDI to CSII, insulin doses decreased 20%, clinically and
statistically significant, and as a mean: 0.19U/kg reduction of the total daily dose, 0.08
U/kg reduction in basal requirement and 0.10 U/kg for the prandial requirement.
Overall, the basal/prandial ratio of approximately 40%/60% was maintained with
CSIL

According to the indication of CSII, after CSII insulin profile optimization, the
new total, prandial and basal insulin doses were not significantly different across
indications. Although weight-related insulin doses with CSII did not vary significantly
across indications, the prandial/basal ratio was significantly different: patients starting
CSII for recurrent hypoglycaemia on MDI had a 6.4% lower basal insulin requirement,
and a complementary increased prandial insulin need, compared to patients initiating
CSII for poor metabolic control in whom the 40%/60% ratio was recorded.

The highest reduction in basal insulin requirement at MDI-CSII transition was
found in the recurrent hypoglycaemia with MDI, with a 30% decrease compared to the
20% decrease in the other indication groups. Prandial requirement decreased 20% in
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the poor metabolic control group and 15% in the other indication groups. The highest
total insulin dose reduction was found in the HbAlc 28.5% with MDI group and the
recurrent hypoglycaemia group.

Statistically significant differences were found in total, prandial and basal CSII
insulin doses across age categories, the highest values being found in the adolescent
12-18 year old group. The lowest insulin doses per body weight were identified in
adults over 25 years old. With CSII, the basal/prandial ratio did not vary significantly,
in the pre-pubertal group a 38%/62% ratio was found, and a 40%/60% for the other
age categories, the basal insulin need being below the 50% frequently cited in the
literature.

After the MDI-CSII transition, all insulin doses decreased in all age categories,
the highest reductions being observed in the young adult 18-25 years category, with a
30% reduction. The mean total dose reduction in the other age groups varied between
15-20%; the prandial insulin dose had a mean decrease of 12% to 15%; the basal
insulin dose decreased 5% in the pre-pubertal group and 20-23% in the other age
categories.

After insulin dose optimization, total basal rate U/24h positively correlated with
weight, diabetes duration, age and baseline HbAlc.

Predictors of the total basal rate (U/24h) were identified: patient weight and
age at insulin pump start, insulin requirement increasing with weight gain and
decreased patient age.

The 24-hour basal rate distribution was biphasic, due to the increased insulin
sensitivity around lunchtime. In the pre-pubertal group 6-12 years, the highest basal
need was identified between 20:00-24:00h and between 04:00 - 10:00 in the
adolescent, young adult and adult groups. Percent basal rates between 24:00-3:00 and
07:00-12:00 varied significantly across age categories. The basal rate percent between
24:00-03:00 was the highest in the pre-pubertal group 6-12 years. The basal rate
percent between 07:00 -12:00 was higher in adolescents and adults. Hourly basal rate
was the highest in the pre-pubertal group 6-12 years during 10:00, 24:00 and 01:00.

The results are of immediate clinical use, as knowing the insulin dose
distribution according to indication and candidate age, as well as the basal rate profile,
CSII can be initiated with early, optimized efficiency according to individual patient
profile.



The 3rd Study. Predictors of optimized metabolic control
during insulin pump treatment in type 1 diabetes

Introduction

Insulin pump therapy has demonstrated benefits in carefully selected patient
populations, in terms of improved glycaemic control, reduced number of daily
injections, reduced severe hypoglycaemia, increased flexibility, quality of life and
patient preference for this therapy 20 31-34, [f we consider that most of the T1D patients
achieve fair glycaemic targets during well-conducted MDI treatment regimens, then,
insulin pump should be applied only to those subjects in which the highest benefits
were demonstrated, avoiding situations when patients get off the pump due to the
worsening of glycaemic control, frequently identified in adolescents, who revert to
their previous MDI therapy3°.

Modest HbA1lc reductions are frequently cited in the literature, a 0.3% reduction
reported by the Misso meta-analysis at transition from MDI to CSII20. Modest results
or clinically irrelevant outcomes are the consequences of an inappropriate initiation of
CSII or an incorrect use of insulin pump options. It is important to avoid persistent,
long term hyperglycaemia associated with micro and macrovascular complications,
especially in children and adolescents36.37.

Unfortunately, only a few T1D patients achieve glycaemic targets, around 27%?38.
Consequently, appropriate candidate selection for very costly insulin delivery systems
like CSII is a challenge for the clinician and there are only a few studies investigating
factors that might predict the attainment of improved glycaemic control with CSII on
the short or medium term after the initiation of CSII39-41,

Hypothesis

We aimed to identify patient clinical characteristics recorded in medical files at
hospital discharge, after the initiation of CSII and optimization of glycaemic control
during hospital admission, associated with optimal metabolic response at 3 months.
Also, we intended to evaluate potential independent predictors for the achievement of
glycaemic control objectives at 12 months after the initiation of CSII. This would help
facilitate CSII candidate selection for prospective purposes

In order to evaluate the predictors of metabolic control at 12 months, we
considered as therapeutic targets the following: at least 0.5% HbA1c reduction at 12
months versus baseline; 210% HbA1c reduction versus baseline; achievement of an
HbA1c <7.5% at 12 months.
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Results

Evolution of glycaemic control for the whole study group was favorable, mean
HbA1c decreasing from baseline (8.5+1.4%) to 3 months with CSII (7.8 £1.0%) and 12
months with CSII (7.8 +1.0%), with significant HbA1c difference at paired sample t test
between baseline and 3 months (-0.6%; (-0.9; -0.3), p<0.0005), and baseline and 12
months (-0.6%; (-0.9; -0.3), p<0.0005), respectively.

Out of the total patient population (70 patients) who started CSII, only 35.7%
(25) attained an HbA1c < 7.5% after 3 months of CSII.

Only baseline HbAlc came out as a statistically significant predictor for the
achievement of HbA1lc <7.5 at 3 months with CSII. For each HbA1lc decrease in baseline
HbAlc, the odds of attaining HbAlc <7.5 at 3 months increases 3.3 times. An initial
increased baseline HbA1c reduces the chance of attaining this objective at 3 months.

After 3 months CSII treatment, 54.3% (38 patients) achieved at least 0.5%
HbA1c reduction versus baseline.

An initial increased baseline HbAlc increases the odds of achieving a 0.5%
HbA1c reduction at 3 months with CSII. One unit increase in baseline HbA1lc increases
the odds 4.7 times of achieving at least a 0.5% HbA1c reduction.

An initial increased baseline HbAlc increases the odds of a 210% HbAlc
reduction from baseline at 3 months, one unit increase in baseline HbAlc increasing
the odds of achieving this objective 4.7 times.

The odds of attaining 210% HbA1c reduction from baseline at 12 months rises
with increasing baseline HbAlc as well as with increasing age of insulin pump
candidates. With increasing baseline HbAlc and age over 25 years old, the odds of
attaining the recommended glycaemic target at 12 months with CSII is increasing.

Conclusions

The actual study has first revealed predictors associated with short term (3
months) and long term (12 months) glycaemic control with CSII, the metabolic control
being quantified by three means of assessment.

We learnt that on average, overall, patients improved metabolic control at 3
months, which was on average sustained at 12 months, but nevertheless remaining
suboptimal according to international T1D treatment guidelines.

Considering the three means of evaluating glycaemic control, on average 35% of
patients achieved tighter objectives (HbAlc <7.5% or = 10% reduction from baseline
HbA1c value), and up to 55% achieved = 0.5% HbA1c reduction from baseline. At 12
months, the percent of patients achieving these objectives was only slightly different.

For the short term glycaemic control with CSII (3 months), the only predictor
identified was the baseline HbA1c at transition. The odds of achieving an HbAlc <7.5%
were higher in patients with lower baseline HbAlc, and in those aiming 0.5%
reductions or = 10% reduction from baseline HbAlc value, the higher odds of



improved metabolic control was identified in those with poor metabolic control at
baseline, with HbA1lc above 9%.

Also, in the long term (12 months), baseline HbA1c is an independent predictor
for the optimization of glycaemic control. The odds of reaching a tighter target HbAlc
<7.5% were higher in those with lower baseline HbA1c, and in those aiming for HbA1lc
<7.5%, the odds were higher in those with an increased baseline Alc value, on average
above 9%. Moreover, in case of aiming for a higher decrease, = 10% reduction from
baseline HbA1c, beside high HbA1c at baseline, patient age above 25 years old was also
an independent predictor for the achievement of the planned objective.
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General conclusions

The most frequent indication for CSII in T1D was the poor metabolic control
with well-conducted MDI (HbAlc 2 8.5%), with increased mean HbAlc (9.6%), and
very high compared to the other indications for CSII (with mean HbA1c value closer to
7.5%).

The highest metabolic improvement, in terms of magnitude of HbA1c reduction
with CSII, was seen in patients with poor metabolic control during MDI and HbA1lc>
8.5%, after 3 months, as well as at 6 months, sustaining a significant 1% reduction up
to 12 months of treatment. Moreover, the poor metabolic control persisted above
treatment targets recommended by T1D treatment guidelines.

CSII initiation for the indications of increased T1D treatment flexibility and for
the reduction of hypoglycaemia frequency, was not associated with significant and
persistent reductions in HbAlc in time, but HbAlc values achieved in these groups
reached the therapeutic objective HbAlc < 7.5%.

The dawn phenomenon was identified in 54% of all patients switching
treatment from MDI to CSI], its frequency being similar across the three therapeutic
indications for insulin pump treatment.

The study demonstrated that initiation of insulin pump therapy in patients with
a high HbAlc = 8.5% indication is a predictor for the achievement of a significant
HbA1c reduction of at least 10% of the MDI value after 12 months of treatment, with a
8 times higher odds of improved glycaemic control at 12 months compared to other
clinical indications for CSIL.

Total, prandial and basal insulin doses with CSII were strongly and positively
correlated to the MDI corresponding doses. Previous MDI insulin doses explained the
variability in CSII as following: 47.7% of the total dose, 32.9% of the basal dose and
33.7% of the prandial dose, respectively.

After switching from MDI to CSII, all weight related insulin doses decreased
significantly, around 20%. CSII insulin doses and the basal/prandial ratio varied with
age categories and CSII indication.

The basal/prandial ratio observed for the whole CSII population was 40%/60%,
similar to the previous one with MDI. The ratio varied with CSII indications, in those
with recurrent hypoglycaemia with MDI, the proportion of basal insulin requirement
being 6.4% lower, with a complementary increase in prandial insulin need, compared
to the other indications for CSII with a 40%/60% ratio. The basal/prandial ratio did
not vary significantly among age categories.

The reduction in basal insulin requirement after the transition to CSII was the
highest in the recurrent hypoglycaemia with MDI group (up to 30%), with a 20%
reductions for the other indications. The prandial insulin requirement decreased with
up to 20% in the poor metabolic control category and with up to 15% for the other
indications.

All insulin doses decreased across all age categories at MDI-CSII transition, the
highest reduction (more than 30%) being observed in the young adult 18-25 years



category. The highest insulin dose per body weight with CSII were found in the
adolescent group 12-18 years and the lowest doses were recorded in the adult group
aged > 25 years.

After insulin dose optimization, total basal rate U/24h, positively correlated
with patient weight, diabetes duration, patient age and baseline HbA1lc.

Predictors of the total basal rate were identified (U/24h): patient weight and
age at insulin pump start, basal insulin requirement with CSII increasing with weight
and patient age.

The daily basal rate profile had a biphasic distribution across all age categories.
Basal insulin need varied across age categories: the highest basal rate was registered in
the pre-pubertal group 6-12 years, between 20:00-24:00h, and between 04:00-10:00h
in the adolescent, young adult and adult groups.

With CSII, on average 35% patients improved glycaemic control at 3 months
HbAlc <7.5% or = 10% reduction from baseline HbAlc value) and up to 55%
decreased their HbAlc = 0.5% from baseline; patient percentages at 12 months were
approximately similar.

Baseline HbAlc before CSII start was identified as a predictor for short (3
months) and long term (12 months) metabolic control with CSII; the odds of achieving
the glycaemic target HbAlc <7.5% was higher in patients with lower baseline HbAlc,
as in those aiming 0.5% HbA1c reductions from baseline or = 10% reduction from
baseline HbA1c value, the odds of achieving those targets increased in patients with
poor metabolic control, in whom mean baseline HbA1c was above 9%.

At 12 months, high baseline HbAlc and patient age over 25 years were
identified as predictors for the achievement of a HbAlc reduction with CSII = 10%
from baseline HbA1c value.
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