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RESUMO

O diabetes melito tipo 1 € uma doencga crénica e progressiva, com elevado risco de
morbidade e mortalidade relacionadas a complicagbes agudas e cronicas, as quais podem
ser reduzidas através de controle glicémico adequado. Novas tecnologias para otimizar o
manejo do diabetes vém sendo estudadas, mas podem adicionar ainda mais demandas a
um cuidado ja repleto de exigéncias especificas. A adolescéncia parece ser um periodo
essencialmente critico, onde alteragdes fisiolégicas somam-se a ma adesao e a questbes
psicossociais. Ampla compreensao, por parte da equipe de saude responsavel pelo cuidado

destes pacientes, é fundamental para um bom controle da doenga.

Com o objetivo de identificar fatores associados a deterioragdo glicémica, foi
desenvolvida uma coorte, de 20 anos de seguimento, com 635 criangas, adolescentes e
adultos jovens com diabetes tipo 1. Observou-se piora do controle glicémico no sexo
feminino ao final da puberdade. Os pacientes em uso de maiores doses de insulina
apresentaram pior controle do diabetes, sugerindo que, além de resisténcia insulinica, ma
adesao poderia estar contribuindo para estes resultados. O uso de bomba de insulina

associou-se a melhor controle glicémico durante todo o periodo de observagao da coorte.

Considerando os potenciais beneficios de tecnologias no manejo do diabetes,
estudo transversal avaliou caracteristicas de 120 criangas e adolescentes interessados no
uso de monitores continuos de glicemia (continuous glucose monitoring, CGM), em
comparagao a amostra geral de 238 criangas e adolescentes com diabetes tipo 1. O grupo
motivado a iniciar CGM apresentou melhor adesdao ao tratamento, melhor controle
glicémico, mais frequente verificagdo da glicemia capilar, menor conflito familiar e maior
qualidade de vida. A baixa aceitacdo do uso de CGM neste estudo (28%) sugere que

demandas adicionais podem ser um fator limitante para o uso de tecnologias em diabetes.

Dada a importancia de adequadamente avaliar a adesao ao tratamento do diabetes,

estudo comparativo avaliou métodos diretos e indiretos de verificagdo da adesao em
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relagdo a sua capacidade de predizer o controle glicémico em 82 pacientes com diabetes
tipo 1. Autorrelato, questionarios, diario de glicemia capilar e download de glicosimetros
foram avaliados. Frequéncia de verificagao da glicemia capilar por download de glicosimetro
mostrou-se como o mais forte preditor de controle glicémico. Questionario administrado por
entrevistadores (Diabetes Self Monitoring Profile) também mostrou-se adequado,

fornecendo informagdes adicionais sobre dieta, exercicios e insulinoterapia.

Baseado na associagado de depressao e piora da adesao, avaliou-se a presenga de
transtornos de saude mental em 116 adolescentes com diabetes tipo 1 em amostra de base
populacional que incluia 73.624 adolescentes no Brasil. Em comparagao ao restante desta
populagéo, diabetes tipo 1 ndo se associou a transtornos mentais. Entretanto, adolescentes
com diabetes tipo 1 mais frequentemente relataram insatisfagdo com atividades diarias,
dificuldade em superar dificuldades e sensagéo de inutilidade. Estes achados sugerem que
as equipes de saude devam estar preparadas para identificar sintomas subclinicos de

transtornos mentais a fim de evitar possivel deterioragdo no controle glicémico.

Para avaliar as principais dificuldades encontradas por profissionais de saude
cuidando de adolescentes com diabetes tipo 1, questionario eletrénico foi enviado a 418
endocrinologistas de todas as regides dos Estados Unidos da América. A maioria dos
respondedores (58%) relatou ndo ter acesso a profissionais capacitados para o manejo de
transtornos de saude mental. Mesmo apds controlar para experiéncia profissional e atuagao
em centros ndo académicos, estes profissionais mais frequentemente relataram, em seus
pacientes, barreiras como depressao, abuso de substancias e disturbios alimentares. Estes
achados reforgam a necessidade de capacitagdo das equipes de saude para um melhor

cuidado de pacientes com diabetes tipo 1.

A identificacdo de barreiras clinicas e psicossociais potencialmente modificaveis e
preditoras de deterioracao glicémica fornece oportunidades para otimizagdo dos cuidados

de saude voltados a criangas e adolescentes com diabetes tipo 1.
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APRESENTAGAO

Este trabalho consiste na tese de doutorado "Barreiras clinicas e psicossociais

potencialmente preditoras de controle glicémico em criangas e adolescentes com

diabetes melito tipo 1", apresentada ao Programa de Pds-graduagdao em Ciéncias

Médicas: Endocrinologia da Universidade Federal do Rio Grande do Sul em 29 de margo de

2016. O trabalho sera apresentado em 3 partes, descritas a seguir:

1. Introducéo

2. Desenvolvimento

a.

Artigo 1: Predictors of Changing Insulin Requirements and Glycemic
Control in Children, Adolescents, and Young Adults with Type 1 Diabetes
Artigo 2: Salient Characteristics of Youth with Type 1 Diabetes Initiating
Continuous Glucose Monitoring

Artigo 3: Comparison between Adherence Assessments and Blood
Glucose Monitoring Measures to Predict Glycemic Control in Patients with

Type 1 Diabetes

. Artigo 4: Mental Health Symptoms in Adolescents with and without Type 1

Diabetes: Reported Occurrence in a National Survey in Brazil
Artigo 5: Health Care Transition in Young Adults with Type 1 Diabetes:

Perspectives of Adult Endocrinologists in the U.S.

3. Conclusodes
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INTRODUGAO

O diabetes melito tipo 1 € uma doenga crénica, progressiva, causada por deficiéncia
insulinica secundaria a destruicado das células beta produtoras de insulina no pancreas,
caracterizando-se por inabilidade em manter as condigdes normais de homeostase da
glicose (1). Representa 90% dos casos de diabetes durante a infancia e a adolescéncia (2).
Ao diagnéstico, apresenta distribuicdo bimodal, com um primeiro pico entre quatro e seis
anos e um segundo no inicio da puberdade (10 a 14 anos) (3). No Brasil, embora os dados
tenham sido coletados em uma unica regiao, observa-se um crescente nimero de casos
novos da doenga, com incidéncia estimada de 27,2/100.000 habitantes/ano (4). Apesar de
fatores genéticos, infecgdes virais, imunizagdes, obesidade, deficiéncia de vitamina D,
exposigdo precoce ao leite de vaca, fatores perinatais e determinadas caracteristicas
socioecondmicas serem associadas ao diagndstico de diabetes tipo 1, as causas
diretamente relacionadas ao aumento dos casos no Brasil e ao redor do mundo ainda

permanecem incertas (3, 5, 6).

O diagnéstico de diabetes tipo 1 pode ser feito por trés diferentes formas (7):

* sintomas classicos, como poliuria, polidipsia e perda de peso, com posterior
confirmacao laboratorial;

* alteragdo laboratorial em pacientes assintomaticos (duas medidas de
glicemia 2126 mg/dL em jejum, glicemia 2200 mg/dL pds-prandial ou
hemoglobina glicada (HbA1c) 26,5% ou uma unica medida pds-prandial 2200
mg/dL com sintomas);

* cetoacidose diabética, caracterizada por hiperglicemia e cetoacidose.

A frequéncia de cetoacidose diabética no momento do diagndstico varia entre 15 e
67%, sendo mais comum em criangas pequenas e de baixo nivel socioecondmico (8). A
cetoacidose € a mais séria complicagao relacionada ao diabetes, sendo potencialmente

ameagadora a vida. Sua ocorréncia em pacientes ja diagnosticados associa-se
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principalmente a infecgdbes e ma adesdo ao tratamento, seja por omissao de dose de
insulina ou transgressao da dieta (9). Em estudo observacional realizado em pacientes com
diabetes tipo 1 do Hospital de Clinicas de Porto Alegre, a taxa de ma adesao a dieta e ao

tratamento com insulina como causa precipitante da cetoacidose foi de 49% (10).

O diabetes tipo 1 carrega elevado risco de morbidade e mortalidade devido ao
desenvolvimento de complicagbes agudas (hipoglicemia e cetoacidose) e crbnicas
microvasculares (retinopatia, nefropatia e neuropatia) e macrovasculares (doenga
cerebrovascular, doenga arterial coronariana e doencga arterial periférica), as quais resultam
em niveis mais baixos de qualidade e expectativa de vida (11-13). O Diabetes Control and
Complications Trial (DCCT) mostrou que o controle intensivo da hiperglicemia no diabetes
tipo 1 diminui o risco de desenvolvimento de complicagbes crénicas microvasculares (14) e
macrovasculares (15). Apesar da conhecida dificuldade de se conseguir alcangar os niveis
recomendados de controle glicémico (2, 16), dados observacionais a longo prazo
evidenciaram que pacientes com diabetes tipo 1 por 30 anos que tenham recebido,
inicialmente, tratamento intensivo tiveram uma menor incidéncia cumulativa de retinopatia
proliferativa (21 vs. 50%), nefropatia (9 vs. 25%) e doenca cardiovascular (9 vs. 14%) em

comparagao a pacientes submetidos a tratamento convencional, respectivamente (17).

O tratamento adequado do diabetes tipo 1, evitando-se hiperglicemias e
hipoglicemias, requer monitorizagcao do controle glicémico através de duas modalidades:
automonitorizagdo da glicemia capilar e avaliagdo da exposigdo prolongada a glicose
através da medida da HbA1c. A HbA1c estima a exposi¢ao de hemoglobina a glicose em
um periodo de 8 a 12 semanas (1). Os valores recomendados para prevengido de
complicacoes crbnicas relacionadas ao diabetes em adultos é de <7% (7, 18). Entretanto,
recente posicionamento da American Diabetes Association (ADA) traz alvos mais flexiveis
para pacientes acima de 60-65 anos (7,5 a 8,5%, na dependéncia das condi¢des de saude),
objetivando-se controle glicémico adequado sem causar dano ao paciente, especialmente

hipoglicemia (7). Para criangas e adolescentes, conforme as diretrizes da ADA (7) e da
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International Society for Pediatric and Adolescent Diabetes (19), um alvo de HbA1c <7,5% é
almejado. A monitorizagéo frequente da glicemia capilar, por sua vez, tem sido associada a
melhor controle glicémico em criangas e adultos com diabetes tipo 1 (20, 21). Em criangas,
o0 aumento da verificagdo da glicose, mesmo que intencionalmente antes do periodo de
reavaliagcdo médica, correlacionou-se com um melhor controle glicEmico (22). O uso de
dispositivos de monitorizagao continua da glicose, apesar de melhorar o controle glicémico
e 0 manejo do diabetes tipo 1 em adultos com motivagao e habilidade para o uso (23), ndo
apresentou os mesmos resultados em criangas (24). Novos estudos ainda sdo necessarios
para compreender a falta de efetividade encontrada em criangas e adolescentes e
identificar o perfil de pacientes que potencialmente teriam beneficio com o uso desta

tecnologia.

A terapia insulinica como parte do tratamento do diabetes tipo 1, para ser efetiva,
inclui quatro fases criticas de execugdo: iniciagdo, complacéncia, persisténcia e
intensificagdo (25). Cada uma destas fases requer envolvimento de pacientes e seus
familiares com profissionais da saude, objetivando-se maxima compreensdo sobre a
prescrigdo, adequagao do regime terapéutico a realidade do paciente, renovagao de doses
conforme reavaliagéo clinica e intensificagdo do regime quando apropriado. O objetivo da
terapia insulinica no diabetes tipo 1 é replicar a secregdo de insulina de um péancreas
normofuncionante, com liberagéo de insulina basal e bolus de corregao e de cobertura pos-
refeicdo (26). As atuais opgdes terapéuticas de reposicdo de insulina ainda ndo sao
capazes de simular com precisdo o perfil de liberagao enddgena de insulina pelas células
beta pancreaticas (27). As doses de insulina precisam ser individualizadas e podem variar
de acordo com a idade de cada paciente. De maneira geral, doses diarias de 0,50-0,75
Ul/kg sé@o selecionadas para terapia inicial, ajustando-as, conforme necessidade, para
obtencdo de um controle glicémico adequado (19). Algumas condigdes modificam a
necessidade diaria de insulina; obesidade e idade puberal, por exemplo, tipicamente

requerem doses mais elevadas por induzirem e/ou exacerbarem resisténcia insulinica (28).
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Formas mais avancadas de dispensagao de insulina, como as bombas de insulina, séo de
crescente interesse para criangas e adolescentes por eliminarem a necessidade de injegbes
frequentes, mimetizarem a liberagdo fisiolégica de insulina basal e garantirem maior
flexibilidade ao tratamento (29). Em comparagdao a multiplas inje¢des diarias, a bomba de
insulina vem sendo associada a maior satisfagdo com o tratamento e melhor qualidade de
vida (30). O beneficio sobre o controle glicémico, apesar de presente em inUmeros estudos,

€ pequeno e parece associado aos primeiros anos de uso desta tecnologia (29, 31, 32).

Inameros estudos vém sendo realizados com foco em tecnologias relacionadas ao
cuidado do diabetes, objetivando melhorar o controle glicémico e reduzir, simultaneamente,
as demandas usuais do tratamento do diabetes (33). Tecnologias tém sido utilizadas de trés
diferentes maneiras: tecnologias que afetam diretamente o tratamento diario do diabetes,
como bombas de insulina e monitores continuos da glicose; tecnologias voltadas a
autoinformagdo em diabetes; e tecnologias voltadas a interagdo entre pacientes e
profissionais de saude, como plataformas interativas e programas de telessaude (34). As
novas tecnologias de efeito direto no cuidado diario com o diabetes parecem aumentar a
flexibilidade do tratamento, mas podem, concomitantemente, adicionar ainda mais tarefas a
um cuidado ja repleto de informagdes e demandas especificas. Identificar o perfil de
paciente com potencial beneficio em relagdo ao uso destas tecnologias torna-se um desafio
e parece ser o0 ponto-chave para um melhor controle glicémico e para o adequado uso de

tecnologias, as quais deveriam tornar mais simples o tratamento do diabetes (30).

O manejo do diabetes tipo 1 estabelece continuas demandas tanto sobre o paciente
quanto seus familiares (35). A identificacdo do perfil de adesdao €& fundamental,
especialmente em populagdes de maior risco para piora do controle glicémico (2, 36).
Apesar do surgimento e amplo uso de tecnologias potencialmente benéficas no tratamento
do diabetes em paises desenvolvidos, o controle glicémico médio da populagdo manteve-se
estavel ao longo das ultimas décadas (37), sugerindo que outros fatores, ndo s6 os

relacionados a drogas e tecnologias, afetam o controle glicémico de pacientes com diabetes
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tipo 1 (38). Em estudo multicéntrico, o Grupo Brasileiro de Estudos em Diabetes tipo 1
analisou dados demograficos, clinicos e socioecondmicos de pacientes com diabetes tipo 1
recebendo tratamento em centros publicos do Brasil. Embora a maioria dos pacientes
estivesse em regime terapéutico complexo com acompanhamento por endocrinologistas em
servicos de nivel de atendimento secundario ou terciario, os resultados identificaram que
aproximadamente 80% dos pacientes ndo apresentavam controle glicémico satisfatério
(16). Salienta-se, entretanto, que o tratamento do diabetes no Brasil € guiado pelas
recomendagbes da Sociedade Brasileira de Diabetes (SBD) (18), a qual segue
essencialmente as mesmas orientagdes da ADA (7). Esses dados sugerem que, além das
orientacbes de tratamento e saude, outros fatores possam interferir no cuidado dos
pacientes com diabetes no Brasil. Dentre os fatores potencialmente relacionados, destaca-
se o fator socioecondmico. No estudo acima mencionado (16), 61,7% dos pacientes com
diabetes tipo 1 apresentavam-se em niveis socioecondmicos considerados baixo ou muito
baixo. Entretanto, ndo foram identificadas, entre os diferentes niveis socioeconémicos,
diferengcas no percentual de pacientes que atingiram as metas de HbA1c recomendadas
pela ADA/SBD (16). Outro fator potencialmente causal para o elevado percentual de
pacientes com controle glicémico inadequado no Brasil inclui a ma adeséo ao tratamento. A
ma adesao pode relacionar-se com pouca compreensao sobre a doenga e dificuldade, por
parte da equipe de saude, de conscientizar e adequadamente orientar os pacientes sobre a

importancia de manter um tratamento adequado (36).

A Organizagdo Mundial da Saude define adesdo como o grau em que O
comportamento de um paciente corresponde as recomendagdes da equipe de saude (39).
Adesdo é um termo amplo que engloba os conceitos de complacéncia e persisténcia.
Complacéncia define o quao fiel um paciente € ao tratamento sugerido pela equipe de
saude, e persisténcia define a duracéo de tempo em que este tratamento é seguido (2). Em
individuos com diabetes tipo 1, para se obter um bom controle glicémico e prevenir

complicagdes, recomenda-se adesao adequada a inUmeras medidas de cuidados com a

20



saude, as quais incluem coordenar quantidade e tempo corretos de aplicagdo de insulina,
frequentes verificagdes da glicemia capilar, prevencdo e manejo adequado de
hipoglicemias, plano alimentar e atividade fisica (7). Hd uma tendéncia, na literatura, de
considerar adesédo e controle glicémico como construtos comuns, quando, na verdade,

ambos devem ser avaliados simultaneamente, mas independentemente (40, 41).

Existem, na literatura, inUmeros métodos de avaliagcdo de adesao ao tratamento de
doengas crbnicas, como autorrelato (42), contagem de pilulas (43), extracdo de dados
advindos da farmacia de distribuicdo das medicagdes (44), medida dos metabdlitos ativos
no sangue (45), uso de dispositivos de monitorizagao eletronica (46) e questionarios (47).
Alguns destes, devido as caracteristicas relacionadas ao manejo e a monitorizagao do
diabetes tipo 1, apresentam limitagdo quanto ao seu uso. Embora haja um consenso quanto
a definicdo de adesao, ha discordancia em relagdo a como operacionalmente medir esse
fendmeno (48). Sugere-se que um método para avaliagdo de adesdo deva ser continuo,
dindmico e capaz de capturar os regimes especificos de comportamento relevantes para a
doenga a ser avaliada (48). Recentemente, validou-se, para a lingua portuguesa, dois
instrumentos de medida de adesdo voltados para pacientes com diabetes tipo 1 (49),
ambos incluindo os principais dominios de avaliagdo de adesao (dieta, atividade fisica,
insulinoterapia, monitorizagdo da glicemia capilar e manejo de hipoglicemias) e estando
disponiveis para uso em cenarios clinicos e de pesquisa. Com base nas caracteristicas
relacionadas a adeséo ao tratamento do diabetes tipo 1, os seguintes métodos poderiam
potencialmente avaliar adesao ao tratamento: autorrelato, entrevistas estruturadas, diario de
glicemia capilar e avaliacdo da frequéncia de verificagdo da glicemia capilar (50). Para
auxiliar na decisdo de qual ferramenta escolher, estudos comparativos avaliando estes

diferentes métodos ainda precisam ser desenvolvidos.

Embora o manejo do diabetes seja dificil e repleto de demandas em qualquer idade,
a adolescéncia mostra-se como um periodo essencialmente critico para pacientes com

diabetes tipo 1 devido a questdes psicologicas e psicossociais (51, 52). Nesta fase, as
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tarefas relacionadas ao diabetes somam-se as novas demandas relacionadas a idade (53).
Além das mudangas fisiolégicas associadas ao periodo da puberdade, com aumento da
resisténcia insulinica (27), muitos adolescentes modificam o tratamento sem orientagédo da
equipe de saude, alterando o perfil de adesado, o autocuidado e, consequentemente, o
controle glicémico (54). A transigdo de cuidados dos pais para o proprio paciente, a qual
frequentemente ocorre durante a adolescéncia, pode comprometer ainda mais a adeséo ao
tratamento (38). Alguns estudos tém documentado que as mudangas psicologicas e
comportamentais desta fase tém o potencial de piorar o controle glicémico mesmo em
pacientes em tratamento de longa data (55, 56), e que adolescentes com problemas de
comportamento possuem probabilidade duas vezes maior de apresentar niveis de HbA1c

>9% (57).

Enquanto alteragdes comportamentais podem levar a uma piora do controle
glicémico em pacientes com diabetes tipo 1 (57), a busca por um alvo de HbA1c, através da
realizagado de multiplas complexas tarefas relacionadas aos cuidados com o diabetes, pode
favorecer o surgimento de determinadas barreiras psicossociais, as quais podem ser
preditoras de futuros transtornos de saude mental (53). Evidéncias sugerem, ainda, a
possibilidade de uma ligagao bioldgica entre diabetes tipo 1 e transtornos mentais, através
de citocinas relacionadas ao processo autoimune, impacto direto da deficiéncia insulinica no
metabolismo de neurotransmissores, estado hiperglicémico crbénico e hipoglicemias
iatrogénicas (58). As evidéncias sobre a prevaléncia de psicopatologias entre adolescentes
com diabetes tipo 1 sao, ainda, controversas na literatura. Enquanto alguns estudos
documentam maior prevaléncia de depressao e transtornos de saude mental em pacientes
com diabetes tipo 1 (59, 60), outros estudos mais bem delineados mostram-se negativos
(61, 62). Mais recentemente, evidenciou-se que sintomas de depressdao sao mais
frequentes do que diagndstico de depressdo em adolescentes com diabetes tipo 1 (63).
Apesar das controversas na literatura, recente publicacdo da Mental Health Issues of

Diabetes Conference (64) sugere que o rastreamento para transtornos de saude mental

22



deva ser parte da avaliagao anual de pacientes com diabetes tipo 1 e seus familiares.

Com o objetivo de melhorar os cuidados do diabetes, a equipe de saude
responsavel pelo cuidado de criangas e adolescentes com diabetes tipo 1 requer ampla
compreensao de todas as possiveis barreiras relacionadas a doenga e ao seu tratamento
(65). Dentre elas, destacam-se as barreiras relacionadas ao desenvolvimento fisioldgico, as
psicoldgicas, as familiares, as culturais e as associadas aos cuidados da equipe de saude
(38, 66, 67). Todas estas barreiras deveriam ser avaliadas e acompanhadas por equipe
preparada para manejo adequado do diabetes e de possiveis transtornos de saude mental
(64). Em comparagdo a tratamentos usuais, cuidados colaborativos voltados para o
diabetes e para os transtornos de saude mental parecem associar-se a melhora significativa
nos desfechos relacionados a depressao e na adesdo ao tratamento do diabetes (68).
Alguns ensaios clinicos randomizados mostraram que o manejo combinado de depressao e
diabetes significativamente melhorou o controle de ambos (69-71), e que determinadas
intervengdes preventivas, durante o periodo da adolescéncia, poderiam evitar o surgimento
e diminuir o impacto de transtornos mentais relacionados direta ou indiretamente com o
diabetes (64). Sugere-se um preparo adequado da equipe de saude para reconhecer e
apropriadamente tratar possiveis barreiras que venham a dificultar o manejo do diabetes e a
otimizagdo do controle glicémico (7, 64). Apesar de estudo prévio sugerir que a falta de
experiéncia e de tempo, além de dificuldades no referenciamento de pacientes para outros
profissionais, possam ser barreiras para um melhor cuidado com o diabetes (72), a literatura
ainda é falha na avaliagdo das equipes de saude quanto as principais dificuldades e

limitagdes de cuidado encontradas.

Baseado no aqui disposto, o objetivo desta tese € (1) avaliar as trajetérias de
controle glicémico e de necessidade de insulina ao longo das diferentes fases do
desenvolvimento de criangas, adolescentes e adultos jovens com diabetes tipo 1; (2)
identificar o impacto de determinadas tecnologias avangadas no manejo do diabetes tipo 1

e o perfil de pacientes que potencialmente se beneficiaria deste uso; (3) avaliar adesao e a
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melhor forma de acessa-la em pacientes com diabetes tipo 1; (4) avaliar a prevaléncia de
barreiras psicossociais possivelmente presentes nos adolescentes com diabetes tipo 1 e
compara-la a da populagao geral; (5) avaliar as dificuldades dos profissionais de saude
responsaveis pelos cuidados dos pacientes com diabetes tipo 1 em identificar e
adequadamente manejar algumas destas barreiras relacionadas ao diabetes e ao seu

tratamento.
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Abstract

Objective: This study aimed to investigate trajectories of daily insulin requirements and
glycemic control in youth with type 1 diabetes, as well as to identify factors associated with

changing insulin needs and deterioration in glycemic control.

Research Design and Methods: The study sample was a dynamic cohort of 635 youth with
type 1 diabetes at a single pediatric diabetes center observed during 20 years of follow-up.
Bivariate and multivariable analyses were performed to evaluate the impact of sex, insulin
regimen, and weight status on glycemic control and daily insulin dose according to age, from

age 7 to 24.

Results: At the first observation, participants had a mean age of 9.7+3.0 years and mean
diabetes duration of 2.5+2.1 years. Participants provided a mean of 12.0+4.6 years of
hemoglobin A1c (HbA1c) observation time. Females had higher daily insulin doses (units/kg)
than males between the ages of 8-13 years (P<0.001) whereas males had higher units/kg
than females between the ages of 16-21 years (P<0.05). HbA1c levels were higher in
females than males beginning at age 16 and persisting to age 24 (P<0.01). Pump therapy
was associated with lower units/kg and HbA1c levels than multiple daily injection therapy
throughout childhood, adolescence, and emerging adulthood. Although HbA1c levels did not
differ between overweight/obese and normal weight youth, overweight/obese youth had

higher units/kg from age 8 to 13 (P<0.04).

Conclusions: This long-term longitudinal assessment provides an opportunity to identify
factors predictive of insulin requirements and deteriorating glycemic control in type 1
diabetes, which allows providers to give added attention to youth with non-modifiable factors

such as female sex and consideration to modifiable factors such as insulin delivery method.

Key words: type 1 diabetes; youth; daily insulin dose; glycemic control; trajectories
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INTRODUCTION

Childhood, adolescence, and emerging adulthood are developmental stages that
impact insulin requirements and glycemic control in patients with type 1 diabetes (1).
Optimizing glycemic control substantially reduces the risk of microvascular and
macrovascular complications (2, 3); however, achieving the recommended American
Diabetes Association target levels of hemoglobin A1c (HbA1c) of <7.5% for patients <18
years old and <7% for young adults is still a challenge (4, 5). As noted in previous cohort
studies involving youth with type 1 diabetes, poor glycemic control has been associated with
older age, black race, and longer diabetes duration (6). However, many studies designed to
analyze predictors of deterioration in glycemic control during childhood and adolescence
have been limited by a short duration of follow-up (7-9), small sample size (10-14), and

limited numbers of factors evaluated (10, 13, 14).

The interaction between insulin requirements and glycemic control needs to be
further elucidated. Although several studies have addressed the mechanisms of insulin
resistance in youth with type 1 diabetes (9, 15-17), the natural course of insulin requirements
during childhood, adolescence, and emerging adulthood, as well as factors related to insulin
dose requirements, is still not entirely understood. It is recognized that obesity impairs
insulin action (18). Other reports have shown that females have higher insulin requirements
than males during adolescence due to lower insulin sensitivity in girls, likely related to their
increasing adiposity and decreasing physical activity during puberty (19, 20). Additionally,
insulin pump has been associated with lower insulin requirements (16, 17, 19). However, the
impact of weight, sex, and regimen on insulin requirements, as well as the trajectories of

insulin dose and HbA1c according to age would benefit from further study.

In an effort to identify factors associated with insulin dose requirements and
deterioration of glycemic control during childhood, adolescence, and young adulthood, we

sought to investigate age trajectories of daily insulin dose and glycemic control in young
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persons with type 1 diabetes. We also sought to identify demographic and clinical
characteristics associated with the trajectories of insulin dose and glycemic control.
Understanding the impact of such characteristics on insulin requirements and HbA1c levels
may inform approaches to improve glycemic control during childhood, adolescence, and

young adulthood.

RESEARCH DESIGN AND METHODS

Subjects

We compiled a dynamic cohort of youth with type 1 diabetes identified by their
enrollment in five short term non-interventional studies at a single pediatric diabetes center.
These investigations provided an opportunity for rigorous data collection and careful
ascertainment of clinical and demographic characteristics. All participants included in this
analysis met the following inclusion criteria: duration of type 1 diabetes of 21 year and daily
insulin dose =0.5 units/kg at first included observation; follow up for =1 year; and two or
more observations including data on daily insulin dose and HbA1c. The local Institutional
Review Board approved retrospective and prospective capture of data for the present study,
and all youth/parents signed informed assent/consent, respectively, at the time of the short-

term investigations.

Measures

Trained research staff reviewed paper and electronic medical records and extracted
demographic and clinical data from participants’ clinic visits that occurred during a period of
20 years from January 1993 until December 2013. Glycemic control was assessed by
HbA1c, which was performed in a clinical laboratory using an assay standardized to the
Diabetes Control and Complications Trial (ref. range 4.0-6.0%). Daily insulin dose was

captured as units/day by clinicians report for youth under injection therapy and, for pump
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users, by pump downloads when available or clinicians report if pump data not available.
Data were then converted to units/kg/day. Insulin regimen was classified as use of insulin
pump or multiple daily injections. For youth <20 years of age, we calculated age- and sex-
adjusted body mass index (BMI) percentiles using normative data from the U.S. Centers for
Disease Control and Prevention (21). After age 20, BMI was calculated as weight in kg
divided by height in m?. Categories of weight status were defined as: underweight/normal
weight (BMI <85" percentile in youth <20 years of age; BMI <25 kg/m? for those =20 years of
age) and overweight/obese (BMI 285" percentile in youth <20 and BMI 225 kg/m? for those
220 years of age). Participants were also assessed in three age categories of 7 to 13, 14-18,
and 19-24 in order to account for differences in developmental stages, with the first group
representing pre-pubertal to early pubertal participants, 14 to 18 year olds representing
pubertal and ending puberty participants, and 19 to 24 year olds representing post-pubertal
participants and emerging adults (22). These age groupings also provided sufficient data for

analyses.
Data analysis

Analyses were performed using SAS (version 9.2, SAS Institute, Inc., Cary, NC,
USA). Descriptive data of the sample are presented at the initial and final daily insulin dose
and/or HbA1c observation. Descriptive data are presented as mean t standard deviation
(SD) with ranges for continuous variables as percentages for categorical variables.
Statistical analyses included unpaired t-test for continuous variables and Chi-square test for
categorical variables. Daily insulin dose as units/kg and HbA1c results were captured within
6 months of each participant’s birthday (birthday +6 months). Annualized units/kg and
HbA1c values were calculated for each participant as the mean of all available values within

6 months of the birthday from ages 7 to 24 years.

Bivariate analyses included the impact of sex, insulin regimen, and weight status on

annual mean daily insulin dose and HbA1c according to age. In addition, we evaluated
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annual mean daily insulin dose and HbA1c as dependent variables in multivariable analyses.
Longitudinal mixed modeling assessed the impact of different predictors of units/kg and
HbA1c according to age, using unstructured covariance matrices for the repeated measure
variables. In each of the models predicting daily insulin dose and HbA1c over time according
to age, covariates included sex, age at diagnosis of type 1 diabetes, insulin regimen, weight
status, and calendar year. The variable of calendar year was included to control for historical
changes in diabetes treatment and glycemic control, given the changing availability of insulin
analogs and technologies over time. In order to evaluate relationships between daily insulin
dose and HbA1c, we created categorical variables for units/kg and HbA1c; in the model
predicting daily insulin dose, we stratified HbA1c into two groups according to the overall
mean HbA1c per person (<9 and 29%) and in the model predicting HbA1c, we stratified daily
insulin dose into two groups based on the overall mean units/kg per person (<1 and 21

units/kg). An alpha level of <0.05 determined statistical significance.

RESULTS

Cohort characteristics

This study included a dynamic cohort of 635 youth with type 1 diabetes identified at a
single diabetes center and who were followed over time. At the time of entry into the cohort,
participants had a mean age of 9.7+3.0 years and mean duration of type 1 diabetes of
2.5+2.1 years. All were diagnosed in childhood with a mean age of onset of diabetes of
7.2+3.5 years; Approximately half of the cohort were female (54%) and the majority (91%)
were Caucasian (see table 1). Insulin pump use increased from 4% at the time of entry into

the cohort to 37% at last patient observation.

Mean duration of observations from first to last daily insulin dose was 10.7+4.3 years.

The mean number of insulin dose observations per participant was 30.0£13.7, with an
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average of 4.413.7 months between insulin dose observations. At first observation, the
mean daily insulin dose was 0.8+0.2 units/kg; at last observation, the mean daily insulin
dose was 0.9+0.3 units/kg. Mean duration of observation from first to last HbA1c was
12.0+4.6 years. The mean number of HbA1c observations per participant was 34.9115.4,
with an average of 4.2+4.5 months between HbA1c observations. At first observation, the
mean HbA1c was 9.0x1.7% (75t4 mmol/mol); at last observation, the mean HbA1c was
8.91£1.7% (74+4 mmol/mol). Due to sparse availability of data under age 7 and above age 24
years, bivariate and multivariable analyses only included participants between the ages of 7

and 24 years.

Insulin requirements trajectories

To evaluate insulin dose trajectories according to age, we assessed the daily insulin
dose as units/kg by sex (female vs. male), insulin regimen (pump vs. injection therapy), and
weight status (under/normal weight vs. overweight/obese). The mean daily insulin dose
analysis over time by sex revealed that females had significantly higher units/kg than males
between the ages of 8-13 years (P<0.001) whereas males had significantly higher units/kg
than females between the ages of 16-21 years (P<0.05) (see figure 1A). In the analysis of
daily insulin dose by regimen, those receiving insulin pump therapy had significantly lower
units’/kg than those receiving multiple daily injection therapy throughout childhood,
adolescence, and emerging adulthood (P<0.01) (Figure 1B). In the daily insulin dose
trajectory analysis by weight status, those who were overweight/obese youth had
significantly greater units/kg than those who were normal weight youth at ages 8-13 years

(P<0.04) (Figure 1C).

Glycemic control trajectories

To evaluate glycemic control trajectories according to age, we assessed HbA1c by
sex, insulin regimen, and weight status, as above. The mean HbA1c over time by sex

revealed that females had significantly higher HbA1c levels than males from ages 16 to 24
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(P<0.01) (see figure 2A). In the HbA1c analysis by regimen, those receiving pump therapy
compared with multiple daily injections had significantly lower HbA1c values throughout
childhood, adolescence, and emerging adulthood (P<0.02) (Figure 2B). In contrast, the
HbA1c trajectory analysis comparing overweight/obese with normal weight youth yielded no
differences over time except for a modestly higher HbA1c in overweight/obese youth at age

10 (P=0.03) (Figure 2C).

Multivariable analyses

Given that the shapes of the daily insulin dose trajectories were not linear in the
bivariate analyses, with the trajectories resembling quadratic-cubic patterns, we performed
separate longitudinal multivariable analyses in three age groups: 7-13, 14-18, and 19-24
years of age (see table 2A). The generalized mixed models predicting daily insulin dose
confirmed differences in the impact of sex on daily insulin doses according to age with
females having significantly higher daily insulin doses than males at ages 7-13 while males
had higher daily insulin doses than females at ages 19-24. Similar to the bivariate analyses
for insulin regimen, insulin pump therapy predicted lower HbA1c levels in the longitudinal
models for all three age groups. Overweight and obesity was only predictive of higher
units/kg in the youngest age group, those 7-13 years old. Attained age, age at diagnosis of
type 1 diabetes, and calendar year had variable effects on daily insulin dose across the
three age groups. As age increased, daily insulin dose increased in the youngest age group,
the 7-13 year olds, while as age increased, daily insulin dose decreased in the 14-18 year
olds and the 19-24 year olds. Similarly, as age at onset of type 1 diabetes increased, daily
insulin dose decreased in the two younger age groups. Finally, daily insulin dose was lower
for youth with HbA1c values <9% in the two older age groups. Similarly, given the variable
HbA1c trajectories according to sex, insulin regimen, and weight status across the age span
of 7 to 24 years, we performed separate longitudinal multivariable analyses in the same
three age groups as above: 7-13, 14-18, and 19-24 years of age (see table 2B). Generalized

linear mixed models indicated that female sex predicted significantly higher HbA1c in
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emerging adults, ages 19-24. Insulin pump therapy predicted significantly lower HbA1c in all
three age groups. Surprisingly, overweight/obesity predicted lower HbA1c in the 14-18 year
olds. Attained age was only predictive of HbA1c in the two older groups, where ages closer
to the latter adolescent years were related to higher HbA1c. Notably, daily insulin dose <1
unit’/kg was significantly predictive of lower HbA1c in all 3 age groups. Age at diagnosis and

calendar year had modest effects on HbA1c.

CONCLUSIONS

Suboptimal glycemic control is a common problem in youth with type 1 diabetes (23).
In this long-term dynamic cohort, age trajectories of insulin dose differed according to sex,
insulin regimen, and weight status while age trajectories of glycemic control differed
according to sex and insulin regimen. Insulin doses were higher during the pubertal years,
as expected. HbA1c levels were higher in females in late adolescence and emerging
adulthood and lower in insulin pump users over time, while overweight/obesity did not seem
to negatively impact the HbA1c levels across ages. As age at diagnosis increased during
childhood and adolescence, insulin dose requirement decreased as might be expected,
given more aggressive beta cell destruction at younger ages (6). Insulin pump users and
normal weight youth also required lower doses of insulin. Our results also showed that
suboptimal glycemic control persisted over time. This study provides opportunities to identify
characteristics to predict insulin requirements and deterioration in glycemic control in

children, adolescents, and young adults with type 1 diabetes.

Adolescence is a period of cognitive, psychosocial, and physical maturation. The
complex series of physical changes known as puberty may impact glycemic control in youth
with type 1 diabetes (24). With the onset of puberty, glycemic control usually deteriorates
despite concomitant increases in insulin doses (23, 25). Reaching adulthood is then

associated with decreases in insulin requirement and, hopefully, improved glycemic control,
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although recent data from the Type 1 Diabetes Exchange indicates that glycemic control
does not appear to improve until the latter half of the third decade of life (4). Adolescents in
this reqgistry averaged a 9.0 percent HbA1c compared with the 9.5 percent registered by the
same age group during the Diabetes Control and Complications Trial (2). Similarly to this
finding, in our study, calendar year also did not have an impact on glycemic control during
adolescence, and suboptimal glycemic control persisted over time, indicating that advances
in diabetes management over the past two decades have been less successful in

overcoming the special challenges in managing adolescents with type 1 diabetes.

The rising insulin requirement during the early adolescent years, over the period of
pubertal growth and development (23), corresponds to the physiological insulin resistance
observed during puberty. Considering that puberty happens earlier in females than males
(26), it is reasonable to expect insulin requirements to increase in females at a younger age
than in males (19). Indeed, in our study, higher insulin doses were observed in females at
younger ages than males. Of note, glycemic control did not differ by sex in childhood or early
adolescence but only deteriorated in females in comparison to males in emerging adulthood
(27). The observation that glycemic control deteriorates in the latter part of adolescence and
during emerging adulthood suggests that puberty-associated insulin resistance is likely well
managed with increased insulin dosing. Other factors, such as adherence and psychosocial
issues, likely contribute to the deterioration in glycemic control that follows the period of
pubertal growth and development, when family involvement in diabetes management is
waning. Also, greater self-care on the part of the older teen and young adult is expected but
may not materialize due to many competing social, emotional, and academic demands (27,

28).

Several studies have assessed the impact of insulin pump therapy on glycemic
control in children with type 1 diabetes (29-31), and most of them have reported modest
improvements in glycemic control with pump therapy, especially in the period immediately

following pump initiation (31). Considering this potential benefit, insulin pump may be
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considered a modifiable factor that could positively impact glycemic control, particularly
during adolescence when insulin needs are increasing due to the insulin resistance related
to puberty (23). In our study, we found that insulin pump therapy was associated with better
glycemic control and lower insulin doses across all ages. Although insulin pump use
considerably increased from first to last observation, glycemic control did not improve over
time. Insulin pump may be helping to prevent the expected glycemic control deterioration
among adolescents in this study (4); however, our findings likely represent a better
adherence profile associated with youth who were previously selected for advanced
technology use. The lack of information regarding adherence, as well demographics such as
socioeconomic status, limits interpretation of possible insulin pump benefit among
adolescents. Moreover, with regard to insulin dose, in agreement with previous studies, age
seems to be an important determinant of daily insulin dose in youth with type 1 diabetes, but
differences in insulin doses between pump and injection therapy seemed to be maintained in
childhood, adolescence, and young adulthood. It might be explained by the observation that
insulin pump could deliver fasting and prandial insulin in a more physiological fashion than

injection therapy (19).

Historically, overweight and obesity were not frequently seen in youth with type 1
diabetes. However, due to the recent epidemic of pediatric obesity (32), overweight and
obesity in youth with type 1 diabetes are now more common, occurring in approximately one
third of youth with type 1 diabetes, and can contribute to substantial health consequences
(33). Data indicate that rates of overweight and obesity are similar to the rates seen in the
general pediatric population (34). In our study, from first to last observation,
overweight/obesity increased from 31 to 50%. It is well known that obesity increases insulin
resistance, and our findings highlight the observation that overweight/obese youth require
higher insulin doses, especially during adolescence when insulin resistance is present due
to pubertal needs; however, the association of BMI, HbA1c, daily insulin dose, and insulin

resistance is complex and still not completely understood. In contrast to some literature, in
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which increased BMI has been associated with higher HbA1c levels (35), there was no clear
difference in glycemic control between normal weight and overweight/obese youth in our
study. However, the lack of information regarding demographics, physical activity,

adherence, and psychosocial issues limit the interpretations of this result.

It is important that we do not overstate our findings. First, this study was based on
longitudinal follow-up data, mainly collected retrospectively, from a single center with many
measurements obtained as part of routine clinical care rather than as part of a rigorous
research study. Lack of information with regard to demographics, adherence, and clinical
characteristics limits the interpretation of glycemic control trajectories over time according to
modifiable factors such as weight and insulin pump, especially as considering pump to have
a positive impact on glycemic control. Also, insulin dose was captured mostly electronically
for pump users and by self-report for youth under injection therapy. Although reported insulin
doses are the basis for suggested dose adjustments during outpatient visits in youth under
injection therapy (19), reported insulin dose may systematically differ from actually
administered insulin dose. Finally, weight status assumptions were limited by the lack of
information regarding diet and exercises. Tanner stage was also not documented
systematically in all patients and puberty assumptions were based on age associations.
However, to our knowledge, this is one of the largest cohort studies of youth with type 1
diabetes with extensive data collectively longitudinally; thus, these findings provide important
information regarding trajectories of insulin dosing and glycemic control across childhood,
adolescence, and emerging adulthood. Our findings should be confirmed in future studies
aimed to assess the impact of demographics, clinical characteristics, and psychosocial

issues on glycemic control over time.

In conclusions, the knowledge from this study adds to the literature and highlights
predictors of changing insulin dose requirements and glycemic control deterioration
according to age in youth with type 1 diabetes. Female sex, later adolescence and young

adulthood, and injection therapy seemed to have a negative impact on glycemic control. Our
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findings provide opportunities to identify modifiable and non-modifiable factors associated
with glycemic control deterioration in order to improve glycemic control in youth with type 1
diabetes. Further studies are needed to investigate the impact of demographics and features

such as adherence on glycemic control and insulin dose in adolescents.
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Table 1 — Demographic and clinical characteristics of study participants

First observation

Last observation

(N=635) (N=635)
Age (years) 9.7+3.0 (1.7-19.1) 21.844.3 (8.7-32.1)
Sex (% female) 54 -
Race/ethnicity (% Caucasian) 91 -
Age at type 1 diagnosis (years) 7.213.5 -

Diabetes duration (years)

HbA1c (%)

HbA1c (mmol/mol)

Daily insulin dose (units/kg)
Regimen (% pump use)

Weight status (% overweight/obese)
Calendar year (years range)

2.5+2.1 (1.0-12.6)
9.0+1.7 (5.5-20.6)
7524 (37-201)
0.8+0.2 (0.5-1.7)
4
31
1993-2007

14.615.0 (2.2-29.0)
8.9+1.7 (5.8-15.8)
7414 (40-149)
0.9+0.3 (0.3-2.0)
37
50
1997-2013

Data are mean + SD (range) or %.
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Table 2 — Longitudinal multivariable model predicting annual daily insulin dose (units/kg) (A)

and HbA1c (%) (B)

(A) Daily insulin dose

Effect estimate stratified by age

(units/kg) 713 P value 14-18 P value 19-24 P value

years years years
Age (per 1 year increase) 0.06 <0.0001 -0.02 <0.0001 -0.02 <0.0001
Sex (female vs. male) 0.07 <0.0001 -0.03 0.07 -0.05 0.005
Age atdiagnosis (per 1year a4 <90goo1 001  <0.0001  -0.01 0.09
increase)
HbA1c (<9% vs. 29%) -0.01 0.39 -0.05 <0.001 -0.10 <0.0001
Regimen (pump vs. multiple 4 o5 90001 -013  <0.0001  -0.12  <0.0001
daily injections)
Weight status
(overweight/obese vs. 0.03 <0.001 0.01 0.31 -0.01 0.59
normal weight)
Calendar year (per year 0.001 074 0.01 <0.001 0.01 0.02
increase)

Effect estimate stratified by age
(B) HbA1c (%) 7-13 14-18 19-24
P value P value P value

years years years
Age (per 1 year increase) -0.006 0.65 0.13 <0.0001 -0.05 0.01
Sex (female vs. male) 0.12 0.16 0.20 0.04 0.52 <0.0001
Age at diagnosis (per 1year 4 oy 0.03 0.03 0.11 0.03 0.12
increase)
Daily insulin dose (< 053 <00001  -0.81  <0.0001  -0.63  <0.0001
units/kg vs. 21 units/kg) ' ' ’ ' ' '
Regimen (pump vs. multiple 5 55 <9 901 044  <0.0001  -0.38  <0.0001
daily injections)
Weight status
(overweight/obese vs. -0.04 0.41 -0.24 <0.0001 -0.14 0.03
normal weight)
Calendar year (per year 0410  <0.0001  -0.009 0.47 0.01 0.56

increase)
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No pump
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T T T T T T T T

14 15 16 17 18 19 20 21 22 23 24
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Figure 1 — Daily insulin dose trajectories by sex (A), regimen (B), and weight status (C)
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*P<.05

Figure 2 — HbA1c trajectories by sex (A), regimen (B), and weight status (C)
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Abstract

Objective: Consistent continuous glucose monitoring (CGM) use is a challenge in youth with
type 1 diabetes. This study aimed to investigate patient and family behavioral and clinical

characteristics associated with interest in implementing CGM.

Research Design and Methods: In a cross-sectional study, we compared 120 youth
interested in starting CGM (the CGM group) with a general sample of 238 youth with type 1
diabetes (the Standard group). Youth and their parents completed validated surveys
assessing adherence to diabetes management, diabetes-specific family conflict, parent
involvement in diabetes management, and youth quality of life. Demographic and clinical

data were obtained from chart review and interview.

Results: Youth participants had a mean age of 13.0-2.8 years, diabetes duration of 6.3-3.4
years, and hemoglobin A1c (HbA1c) level of 8.2—-1.0% (66—11 mmol/mol). Youth in the CGM
group performed more frequent blood glucose monitoring, had lower HbA1c levels, and were
more likely to be treated by continuous subcutaneous insulin infusion (CSIl) and to be living
in two-parent homes than youth in the Standard group. Compared with the Standard group,
youth interested in wearing a CGM device and their parents reported greater adherence to
diabetes management, less diabetes-specific family conflict, and higher youth quality of life.
No differences were found between groups with respect to parent involvement in diabetes

management by both youth and parent reports.

Conclusions: In efforts to enhance CGM uptake, it is important to address factors such as
blood glucose monitoring frequency, CSIl use, adherence, and diabetes-specific family

conflict when considering youth with type 1 diabetes for CGM implementation.

Key words: Diabetes Mellitus, Type 1; Pediatrics; Continuous Glucose Monitoring; Patient

Compliance; Medication Adherence; Quality of Life; Insulin Infusion Systems
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INTRODUCTION

The management of type 1 diabetes places substantial physical demands on both
patients and family members. The burdens are heightened owing to emotional demands
such as fear of hypoglycemia and hyperglycemia. There are opportunities for potentially
reducing these burdens with the use of new technologies, such as continuous glucose
monitoring (CGM), which can assist in optimizing blood glucose levels (1). The
advancements achieved in recent years with CGM provide substantial potential benefits for
diabetes outcomes (2). Studies have identified that use of CGM improves glycemic control in
patients with type 1 diabetes when the device is worn consistently (3-5); however, sustained
CGM use has been shown to be difficult in pediatric patients (6,7). The recently published
American Diabetes Association position statement on type 1 diabetes noted that CGM can
reduce glycemic excursions in children; however, glycemic improvements are correlated with

frequency of CGM use across all ages (8).

Despite opportunities afforded by CGM use, only 6—9% of youth appear to use CGM
(9,10). There is a need to identify factors associated with successful CGM implementation
as well as barriers to CGM use. Sustained use of technologies for diabetes management
remains dependent on the patient’'s active engagement and adherence to a complex
management plan (11). One might expect that children versed in insulin pump therapy who
perform frequent blood glucose monitoring may be ideal candidates for CGM use, as shown
in one cross-sectional study (12). Diabetes-specific family stress and conflict may also be
both potential drivers for and consequences of increasingly complex and demanding
therapies such as CGM (13,14). However, there are likely many other factors that may be
associated with CGM adoption by pediatric patients and families related to quality of life
(2,15), fear of hypoglycemia (12), diabetes-related distress (6,16), and other behavioral
barriers (11,14). Before exploring youth and family factors associated with sustained CGM
use, it is important to gain improved greater understanding of the characteristics of youth

and families preparing to begin CGM. Such knowledge may enhance opportunities to
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implement CGM in greater numbers of youth with type 1 diabetes (2).

In this study, we sought to investigate additional patient and family characteristics
associated with interest in implementing CGM. We designed a cross-sectional study to
explore differences between youth interested in using CGM and a general sample of youth
with type 1 diabetes at the same diabetes clinic. We hypothesized that the percentage of
youth and their families who are already engaged in intensive insulin therapy such as
continuous subcutaneous insulin infusion (CSll) would be higher in the group preparing to
begin CGM than in the general sample of youth with type 1 diabetes. We also hypothesized
that youth interested in starting CGM would be more adherent and would report more parent
involvement in diabetes management tasks than the general sample of youth with type 1

diabetes.

RESEARCH DESIGN AND METHODS

We compared characteristics of youth with type 1 diabetes beginning CGM (the CGM
group) with a separate general sample of youth with type 1 diabetes (the Standard group)
from the same pediatric diabetes clinic. In the CGM group, youth with type 1 diabetes and
their caregivers were recruited to participate in a CGM family-focused teamwork intervention
study designed to optimize CGM use. In the Standard group, youth with type 1 diabetes and
their caregivers were recruited from the general clinic population at the same center to
complete questionnaires at a single visit and did not receive intervention. In both groups, the

data from only one parent were included in this analysis.

All participants included in these analyses met the following inclusion criteria: 8—17.9
years of age; type 1 diabetes duration of 21 year at enrollment; and documentation of daily
insulin dose of 20.5 units/kg and hemoglobin A1c (HbA1c) level of 6.5-10% at a screening

visit prior to enroliment. In addition, if a family enrolled multiple siblings with type 1 diabetes,
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data from the child with the longer diabetes duration were used. Entry criteria were
harmonized between the two study samples. The electronic medical record and a parent—
youth interview provided demographic and clinical data, all obtained by trained research
staff. Glycemic control was assessed by HbA1c, which was performed in a clinical laboratory
using a Diabetes Control and Complications Trial standardized assay (reference range, 4.0—
6.0%). Uniform study procedures were used for collection of data regarding insulin regimen
and daily insulin dose using pump downloads when available; if not available, both
participant and clinician reported data were used. Blood glucose monitoring data were self-

reported from parent—youth interviews.

The local Institutional Review Board approved the study protocols, and all
youth/parents signed informed assent/ consent forms before beginning any study
procedures. CGM group participants needed to complete a 1-week run-in period for
inclusion in this analysis; however, all the data reported here were obtained during baseline

assessment, prior to intervention group assignment and CGM implementation.

Measures

Youth and their caregivers independently completed the following previously
validated assessment instruments. For all of the surveys, the total scores were adjusted to

account for any missing responses.

Diabetes Management Questionnaire. The 20-item Diabetes Management
Questionnaire (DMQ) (17) measures adherence to different diabetes management tasks on
a 5-point response scale, with responses ranging from 1=almost never to 5=almost always.

Scores range from 0 to 100. Higher scores indicate greater adherence.

Diabetes Family Conflict Scale. The 19-item Diabetes Family Conflict Scale (DFCS)
(18) assesses diabetes-specific family conflict on a 3-point response scale, ranging from

1=almost never to 3=almost always. Previously published scoring methods for this survey
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result in total scores ranging from 19 to 57; however, in order to better calibrate the score to
the other surveys used in this study, we normalized the total scores to a 0 to 100 scale.

Higher scores indicate more diabetes-specific family conflict.

Diabetes Family Responsibility Questionnaire. The 17-item Diabetes Family
Responsibility Questionnaire (DFRQ) (19) measures parent involvement in different diabetes
management tasks. This questionnaire assesses who has primary responsibility for each
task (1=child, 2=equal, or 3=parent). Previously published scoring methods for this survey
result in total scores ranging from 17 to 51; however, we normalized the total scores to a 0—
100 scale in order to better calibrate the results against the other measures. Higher scores

indicate more parent involvement in diabetes management tasks.

Pediatric Quality of Life Inventory Generic Core Scales. The 23-item Pediatric Quality
of Life Inventory (PedsQL) (20,21) measures youth self-report of generic quality of life and
the caregiver’s perception of the youth’s quality of life in four domains: physical, emotional,
social, and school functioning. The 5-point response scale ranges from O=never a problem
to 4=almost always a problem. Responses were linearly transformed and reverse-scored
according to published scoring methods (20,21). Scores range from 0 to 100; higher scores

indicate higher youth quality of life.

Data analysis

Analyses were performed using SAS software (version 9.2; SAS Institute, Inc., Cary,
NC). Descriptive data are presented as mean * SD values or percentages. Statistical
analyses included an unpaired t test for continuous variables and Fisher's exact test for
categorical variables. Youth and parent survey scores were compared using Spearman
correlations and paired t tests. The survey scores were evaluated according to study group
(CGM group vs. Standard group). An alpha level of <0.05 was used to determine statistical

significance.
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RESULTS

Participant characteristics

In total, 457 eligible youth were approached to participate in the CGM study, and 130
(28%) agreed to participate and provided written informed consent. Those who agreed were
younger (0.7 years; P=0.01) and had shorter diabetes duration (1.2 years; P=0.01) than
youth who declined to participate. HbA1c did not differ by enroliment status. Alternately, in a
separate sample, 455 youth with type 1 diabetes were approached as the Standard group,
and 302 (66%) agreed to participate and provided written informed consent. Those youth
who declined participation in the Standard group had similar age, diabetes duration, and
HbA1c as the youth who agreed. Four patients in the CGM group and 64 patients in the
Standard group were excluded because they did not meet the harmonized inclusion criteria
required for this current analysis. Six patients in the CGM group declined ongoing CGM use
during the run-in period and were also excluded from this analysis, yielding a final sample of

120 youth in the CGM group and 238 youth in the Standard group.

Overall, participants in both groups (n=358) had a mean age of 13.0£2.8 years, a
mean diabetes duration of 6.3+3.4 years, and a mean HbA1c level of 8.2+1.0% (66+11
mmol/mol); 51% were female, and 93% were white. The CGM and Standard groups were
comparable with respect to age, diabetes duration, sex, and race/ethnicity distributions
(Table 1). There were differences between the CGM group and the Standard group in the
frequency of daily blood glucose monitoring (7.4+£2.2 vs. 5.6+2.1; P<0.0001), CSIl use (84%
vs. 70%; P=0.004), and percentage of participants living in two-parent homes (92% vs. 84%;
P=0.05). In addition, HbA1c was lower in the CGM group (8.0+£0.8% [64+9 mmol/mol])
compared with the Standard group (8.3+1.0% [67+11mmol/mol]; P<0.001). There were no
statistically significant differences between groups with respect to parental education

(percentage of families with at least one parent with a college degree).
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Survey results

Across the entire sample, youth and parent survey scores were significantly
correlated for each of the four measures (DMQ, r=0.48; DFCS, r=0.35; DFRQ, r=0.75;
PedsQL, r=0.42; all P<0.0001). Youth consistently reported lower adherence to diabetes
treatment (P<0.0001), less parent involvement in diabetes management tasks (P<0.0001),
and more diabetes-specific family conflict than their parents (P<0.001). It is interesting that
the youths’ report of quality of life was higher than their parents’ proxy report of youth quality

of life (P<0.0001).

The CGM and Standard groups had substantial differences in both child (Fig. 1) and
parent (Fig. 2) scores regarding adherence to diabetes treatment, diabetes-specific family
conflict, and youth quality of life assessments. Youth interested in wearing CGM and their
parents, compared with the Standard group, reported greater adherence to diabetes care
(youth, 7510 vs. 72+12 [P=0.02]; parent, 79+11 vs. 75+12 [P=0.02]) and higher youth
quality of life (youth, 86+14 vs. 83+12 [P=0.02]; parent, 8312 vs. 79+13 [P<0.001]).
Similarly, youth and their parents in the CGM group reported less diabetes-specific family
conflict than those in the Standard group (youth, 13+17 vs. 20+23 [P=0.002]; parent, 1111
vs. 15112 [P=0.003]). However, as opposed to the other surveys, there were no differences
between the CGM and Standard groups with respect to parent involvement in diabetes

management, as reported by both children and their parents.

DISCUSSION AND CONCLUSIONS

Consistent use of CGM may improve HbA1c levels in the absence of severe
hypoglycemia (4,22,23). Pediatric patients and families may have misconceptions and
unrealistic expectations of CGM. In order to promote greater CGM uptake and consistent

use for these patients, we sought to evaluate characteristics of pediatric patients and
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families interested in initiating CGM compared with a general pediatric sample.

In this study, youth interested in wearing a CGM device performed more frequent
blood glucose monitoring and had lower HbA1c levels compared with a general sample of
youth with type 1 diabetes. Those interested in CGM were also more likely to be treated by
CSll than the general sample, even though the CGM device planned for use by the youth
was not one that would be integrated into the pump. In addition, youth interested in starting
CGM, along with their parents, reported greater adherence to diabetes management, less
diabetes-specific family conflict, and higher youth quality of life. It is not surprising that we
uncovered salient differences between the two groups because only 28% of eligible youth
who were approached for the CGM study agreed to wear a CGM device compared with 66%
of the eligible general pediatric population who were approached and agreed to participate in
a nonintervention questionnaire study. The low rate of agreement to participate in the CGM
study speaks to the recognized potential burdens related to current CGM technology.
Adherence to CGM use appears to be particularly challenging for youth with type 1 diabetes.
With the substantial financial and personnel demands required to use CGM technology, it
may be opportune to focus efforts on those youth with type 1 diabetes and their families who
possess the characteristics associated with CGM uptake. This analysis aimed to identify
potentially modifiable diabetes-specific behavioral and clinical characteristics likely to predict

uptake of CGM use.

Our findings highlight the observation that technology-assisted diabetes
management, such as CGM, that requires user input is dependent on the patient’s
engagement in diabetes self-care. Indeed, the higher rate of CSIl use among those
interested in CGM supports the likely comfort of such youth to wear and interface with a
diabetes management device. In this study, the percentage of CSIl use was high in both
CGM and Standard groups; however, it was significantly higher in the CGM group, as
hypothesized. Patients who are already wearing CSIl may be less reluctant to wear an

additional device as they are already familiar with skin care and insertion techniques (24).
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The value of managing youth with type 1 diabetes from diagnosis using a combination of
CSll and CGM, in comparison with CSIl and blood glucose monitoring, was previously
evaluated, and no differences were found between the two groups in 1 year with respect to
HbA1c (25). More studies, however, are needed to better understand the impact of multiple
diabetes technologies on diabetes care. In fact, there is an ongoing study aimed at
comparing durability of CGM use when implemented at the time of initiating CSII compared

with a delay of 6 months for the CGM start (26).

It is well documented that lower levels of youth adherence to diabetes treatment
correlate with higher levels of diabetes-specific family stress and conflict (13,27). In addition,
there is growing consensus that youth whose parents are more engaged in diabetes
management are more adherent than youth whose parents are less involved in diabetes
tasks (13,28). These associations, however, have not previously been assessed in patients
initiating CGM. In this study, we found lower diabetes-specific family conflict reported by
patients and parents interested in starting CGM in comparison with a general population of
youth with type 1 diabetes. Contrary to our hypothesis related to family support, although
youth interested in starting CGM were more likely to be living in two-parent homes, parent
involvement in diabetes management was not associated with motivation to start CGM. This
lack of association is possibly due to the observation that youth must wear the CGM sensors

and respond to CGM alarms and alerts, independently of their family support.

Perceived youth quality of life may also be associated with adherence to CGM use
(15,29). In our sample, youth interested in wearing a CGM device reported a higher quality
of life in comparison with the general sample. The parents of youth initiating CGM also
endorsed higher quality of life for their children than did the parents of the general sample.
The higher reported quality of life may be a marker of unmeasured family variables, such as
family cohesion, that may aid in the uptake of advanced and complicated diabetes

technologies such as CGM.
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It is important that we do not overstate our findings. This study involved a cross-
sectional research design, and our results represent associations, not causal relationships,
between diabetes-specific behavioral characteristics and interest in CGM. Moreover, as
occurs frequently in behavioral research, we were reliant on self-report of behaviors and
related factors that were not confirmed objectively. Fear of hypoglycemia was also not
assessed in this study and could also be an important determinant of CGM uptake.
However, previous studies have not consistently found reductions in fear of hypoglycemia
with CGM use in the pediatric population (6,14). Although we do not have follow-up data to
determine if these patients sustained their use of CGM, to our knowledge, this is the first
study to assess behavioral characteristics associated with CGM initiation in youth with type 1
diabetes. Longer-term studies will determine the factors that are predictive of sustained

CGM use and subsequent benefits on glycemic control.

In summary, the knowledge from this study provides opportunities to identify youth
with type 1 diabetes likely to be candidates for CGM technologies based on clinical and
behavioral characteristics. Our findings support the International Society for Pediatric and
Adolescent Diabetes statement, which recommends that the decision to wear CGM should
be made jointly by the youth, who must have a personal interest in using CGM, their parents,
and the diabetes team (30). Identifying modifiable factors related to CGM adoption, such as
insulin regimen, blood glucose monitoring frequency, adherence to diabetes management,
and avoidance of diabetes-specific family conflict, may aid providers as they consider CGM
implementation in youth with type 1 diabetes. Further longitudinal studies are necessary to
determine if the factors associated with initiation of CGM also predict sustained use of this

advanced diabetes technology for youth with type 1 diabetes.
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Table 1-Demographic and clinical characteristics of study participants

CGM group Standard group P value
(N=120) (N=238)

Age (years) 12.7£2.7 13.1+2.8 0.23
Sex (% female) 49 51 0.74
Race/ethnicity (% Caucasian) 95 92 0.50
Age at diagnosis (years) 6.6+3.6 6.7+3.2 0.93
Diabetes duration (years) 6.1+3.6 6.4+3.4 0.38
HbA1c (%) 8.0+0.8 8.3+1.0 <0.001
HbA1c (mmol/mol) 64+9 67111 <0.001
Blood glucose monitoring (frequency/day) 7.412.2 5.6+2.1 <0.0001
Daily insulin dose (units/kg) 0.9+0.3 0.9+0.3 0.95
Insulin regimen (% CSII use) 84 70 0.004
Family structure (% 2-parent family) 92 84 0.05
Parental education (% college graduate) 73 76 0.52

Data are mean = SD or %.
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Figure 1-Youth survey scores by study group.

Youth interested in using CGM (CGM group), in comparison to a general sample of
youth with type 1 diabetes (Standard group), reported, respectively, greater
adherence to diabetes care (DMQ: 7510 vs. 721£12), less diabetes-specific family
conflict (DFCS: 13117 vs. 20+23), and higher youth quality of life (PedsQL: 86+14
vs. 83+12). There were no differences between the CGM and Standard groups
regarding parent involvement in diabetes management (DFRQ: 46+15 vs. 47+16,
respectively).

*DFCS original scores, prior to normalization: 24.0+6.6 (CGM group) vs. 26.6+8.9
(Standard group).

**DFRQ original scores, prior to normalization: 32.7+5.0 (CGM group) vs. 32.915.4
(Standard group).
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Figure 2-Parent survey scores by study group.

Parents of youth interested in using CGM (CGM group), in comparison to parents
of youth in a general sample of youth with type 1 diabetes (Standard group),
reported, respectively, greater adherence to diabetes care (DMQ: 7911 vs.
75%12), less diabetes-specific family conflict (DFCS: 11£11 vs. 15£12), and higher
youth quality of life (PedsQL: 83+12 vs. 79+13). There were no differences
between the CGM and Standard groups regarding parent involvement in diabetes
management (DFRQ: 57+16 vs. 5717, respectively).

*DFCS original scores, prior to normalization: 23.1£4.3 (CGM group) vs. 24.6+4.7
(Standard group).

**DFRQ original scores, prior to normalization: 36.5+5.5 (CGM group) vs. 36.31£5.6
(Standard group).
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Abstract

Objective: We conducted analyses to compare adherence assessments and blood glucose
monitoring measures with regard to their ability to predict glycemic control in adults with type

1 diabetes.

Research Design and Methods: We analyzed four instruments to evaluate adherence: Self-
Care Inventory-Revised, a self-administered survey; Diabetes Self Monitoring Profile
(DSMP), administered by trained researchers; a categorical (yes/no/sometimes) adherence
self-evaluation; and a continuous (0-100) adherence self-evaluation. Blood glucose

monitoring frequency was evaluated by self-report, diary, and meter download.

Results: Participants (N=82) were aged 39.0+13.1 years with a mean diabetes duration of
21.2411.1 years; 27% monitored blood glucose >4 times/day. The DSMP score was the
strongest predictor of glycemic control (r=-0.32, P=0.004) among adherence assessments,
while blood glucose monitoring frequency assessed by meter download was the strongest
predictor among blood glucose monitoring measures (r=-40, P<0.001). All the self-report
assessments had a significant but weak correlation with glycemic control (r<0.28, P<0.02).
The final adjusted model identified the assessment of blood glucose monitoring frequency by
meter download as the most robust predictor of hemoglobin A1c (estimate effect size=-0.58,

P=0.003).

Conclusions: In efforts to evaluate adherence, blood glucose monitoring frequency assessed
by meter download has the strongest relationship with glycemic control in adults with type 1

diabetes.

Key words: Diabetes Mellitus, Type 1; Medication Adherence; Blood glucose monitoring
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INTRODUCTION

Adherence to treatment has been defined as the degree to which a patient’s behavior
corresponds to medical or health advice (1). Despite all evidence that achieving good
glycemic control helps prevent microvascular and macrovascular complications of diabetes,
many patients do not achieve such control, mostly because treatment adherence is poor (2,
3). Sustained glycemic control has been shown to be difficult in adults of all ages, as the
management of diabetes places substantial demands on patients (4). Challenges to
adherence and active patient engagement in diabetes care include, but are not limited to,
physical and emotional barriers, complex treatment regimens, and financial burdens (5).
There is a tendency in the literature to treat adherence and glycemic control as
interchangeable constructs (6), while, in fact, patient adherence and metabolic control need
to be assessed both independently and concomitantly (6, 7). Patients in good glycemic

control cannot be presumed to be adherent.

In the literature and in clinical practice, there are various methods of assessing
adherence to diabetes care, such as structured interviews, self-report, diaries, and electronic
monitoring (8). Many of these methods have been shown to correlate well with glycemic
control (9). Surveys have been validated and widely used as measures to evaluate
adherence (10, 11). Their domains usually capture behavioral characteristics related to
diabetes management, such as insulin administration, meal plans, frequency/intensity of
exercises, frequency of blood glucose monitoring, and hypoglycemia (6). The appropriate
execution of all these tasks was shown to promote optimal glycemic control (2, 3), which
solidified the association between adherence and metabolic results in diabetes treatment. In
contrast, several studies have demonstrated the importance of focusing on specific
adherence behaviors, such as frequency of blood glucose monitoring (12, 13). These
studies demonstrated strong association between a higher frequency of blood glucose

monitoring and lower hemoglobin A1c (HbA1c) levels. However, the most appropriate
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method to evaluate adherence to diabetes care in adults with type 1 diabetes has yet to be

identified.

In this study, we sought to investigate different methods of assessing adherence and
glycemic control. To accurately predict HbA1c in adults with type 1 diabetes, we designed a
cross-sectional study to evaluate and compare adherence assessments by structured
surveys and self-report, as well as blood glucose monitoring measures by self-report, diary,
and electronic devices. Such knowledge may enhance opportunities to better understand
this important barrier and assist in development of strategies to improve adherence to

diabetes care and glycemic control in patients with type 1 diabetes.

RESEARCH DESIGN AND METHODS

Participants

We conducted exploratory multivariable analyses to compare adherence
assessments and blood glucose monitoring measures with regard to their ability to predict
HbA1c in adults with type 1 diabetes. All participants included in this analysis met the
following inclusion criteria: 218 years of age and type 1 diabetes duration =21 year. Exclusion
criteria included a developmental disability or a psychiatric disorder that would interfere with
reliable completion of the structured instruments. We selected patients from the outpatient
electronic medical record database of a single tertiary public hospital in Southern Brazil. The
Institutional Review Board approved the study protocols, and all participants signed informed

consent forms prior to beginning any study procedure.

Measures

Adherence assessments
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We analyzed four different instruments to evaluate adherence to diabetes
management. First, participants were asked to respond to a three-level (no/sometimes/yes)
categorical self-evaluation question (“In the past month, have you managed your diabetes as
recommended by your doctor?”). Patients were also asked to characterize themselves
according to their adherence to diabetes care on a continuous self-evaluation scale, ranging
from 0-100. Additionally, all participants completed the two following previously validated

adherence surveys:

- Self-Care Inventory-Revised version (SCI-R) (11, 14): The 14-item SCI-R (14) is
a self-administered survey, which measures adherence to different diabetes
management tasks on a 5-point Likert scale. Responses range from 1=never to
5=always, and scores range from 14 to 70. Higher scores indicate greater

adherence to type 1 diabetes treatment.

- Diabetes Self-Monitoring Profile (DSMP) (10, 14): The DSMP (14) is a 24-item
survey administered by trained researchers, which measures adherence to five
different domains: exercises, hypoglycemia, diet, blood glucose tests, and insulin
dose. Scores range from 0 to 96. Higher scores indicate greater adherence to

type 1 diabetes treatment.

Blood glucose monitoring measures

We evaluated blood glucose monitoring frequency by three different ways: self-
report, diary, and meter download. Participants were asked to take their blood glucose
meters and blood glucose diary to the study visit. An average frequency of blood glucose

monitoring per day was calculated for the last 14 days, not including the visit day.

After collecting responses to the adherence assessments and blood glucose
monitoring data, trained researchers interviewed participants to obtain demographics and

diabetes clinical data. Glycemic control was assessed by HbA1c, which was performed in a
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clinical laboratory using a Diabetes Control and Complications Trial standardized assay

(high-performance liquid chromatography, ref. range 4.0-6.0%).

Data analysis

Analyses were performed using SAS (version 9.3; Institute, Inc., Cary, NC).
Descriptive data are presented as mean + standard deviation (SD) or percentage. Statistical
analyses included Pearson correlation to determine associations between adherence
assessments and blood glucose monitoring measures. Exploratory multivariable analyses
were conducted using stepwise regression to identify, among all adherence assessments
and blood glucose monitoring measures, the best predictor of HbA1c. Three different steps
were performed in the stepwise analyses: first, all three blood glucose monitoring
assessments were included in the HbA1c model; second, all four adherence assessments
were included in the HbA1c model; and, finally, after selecting the best HbA1c predictors
among the adherence assessments and blood glucose monitoring measures based on the
two first steps, a final step evaluated the two selected measures in order to elucidate which
one could better predict HbA1c. Generalized linear model was then performed, including
mean HbA1c as the dependent variable and the best adherence measure based on the final
exploratory step as the independent variable. Multivariable analyses were performed to
evaluate the impact of demographics and clinical characteristics on the adherence-glycemic
control relationship. An alpha level of <0.05 was used to determine statistical significance.
The Cohen’s index was used to determine correlation coefficients and effect size (15). A
sample size of 82 was calculated as sufficient to detect a moderate effect size between

HbA1c and adherence measures considering an alpha of 0.05 and power of 80%.

RESULTS

Participant characteristics
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In total, 103 eligible patients were approached to participate in this study (from March
2014 to September 2014), of those 82 (80%) agreed to participate. All participants provided
written informed consent. Those who declined participation had similar age, diabetes
duration, and HbA1c as those who agreed to participate (P>0.05). All participants provided
data regarding blood glucose meter and diary and responded to the study visit interview and
surveys. Participants had a mean age of 39.0 £ 13.1 years and mean diabetes duration of
21.2 + 11.1 years; 39% were overweight/obese, and 27% had a frequency of blood glucose
monitoring >4 times/day according to the study visit interview (see table 1). All participants in
this study were using daily multiple injections for diabetes treatment and only 11% met the

ADA HbA1c target of <7% (16).

Measures results

All adherence assessments appeared to be interrelated (P<0.01), as did the blood
glucose monitoring measures (P<0.001). The correlations between DSMP score and blood
glucose monitoring frequency assessed by self-report (=0.69, P<0.001) and meter
download (r=0.52, P<0.001) were identified as the two strongest correlations between the

adherence and blood glucose monitoring measures (see table 2).

Exploratory analyses using stepwise multivariable regression were conducted to
identify the best predictor of HbA1c based on all the adherence and blood glucose
monitoring measures. In the first step, among all the blood glucose monitoring measures,
frequency of blood glucose monitoring assessed by meter download was the strongest
predictor of HbA1c (r=-40, P<0.001) (see table 3A). In the second step, among all the
adherence assessments, DSMP score was the strongest predictor of glycemic control (r=-
0.32, P=0.004) (see table 3B). During the two first steps, all adherence and blood glucose
assessments were significantly correlated with HbA1c (P<0.05), except for frequency of
blood glucose monitoring by diary (r=-0.20, P=0.07). All self-report assessments, which

included the blood glucose monitoring frequency self-report, categorical adherence self-
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evaluation question, and continuous adherence self-evaluation question, had a weak,
although significant, correlation with glycemic control. In the final step, which included the
best adherence and blood glucose monitoring assessments based on the two first steps,
frequency of blood glucose monitoring by meter download emerged as the most robust
predictor of glycemic control (r=-33, P<0.001). The DSMP score, in this final model, was no

longer significant (r=-15, P=0.22).

Generalized linear model was initially performed to evaluate the interaction between
HbA1c and blood glucose monitoring frequency assessed by meter download. This analysis
showed that as frequency of blood glucose monitoring increased 1 time/day, HbA1c
decreased 0.63% (P<0.001). The final adjusted model (P<0.001), which controlled for age,
diabetes duration, insulin dose, and socioeconomic status, slightly decreased the
adherence-glycemic control association (estimate effect=-0.59, P=0.003). Demographics
and clinical characteristics were not significant in this model (P>0.05). As DSMP may also
be an alternative while assessing adherence in clinical settings, we also performed
univariate analysis to evaluate the interaction between HbA1c and DSMP scores. In this

analysis, as DSMP score increased by 10 points, HbA1c decreased by 0.74% (P=0.004).

DISCUSSION AND CONCLUSIONS

The conceptual and methodological issues related to adherence assessments are
important for research but also have widespread clinical application. How healthcare
providers conceptualize adherence impacts on diabetes management recommendations (6).
In order to better understand the different instruments available to assess adherence in
adults with type 1 diabetes, we sought to evaluate and compare adherence assessments
and blood glucose monitoring measures to predict glycemic control. In this study, among the
four instruments to assess adherence (DSMP, SCI-R, and categorical and continuous self-

evaluations), DSMP score was the strongest predictor of glycemic control, while blood
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glucose monitoring frequency assessed by meter download was the most robust predictor of

HbA1c among the blood glucose monitoring measures and all the studied assessments.

Our findings highlight the observation that there is a strong association between
frequency of blood glucose monitoring and glycemic control patients with type 1 diabetes.
Indeed, the T1D Exchange Clinic Network (13) clearly demonstrated that for all ages,
increased frequency of blood glucose monitoring is associated with lower HbA1c. Previous
studies also identified that capillary glucose information was valuable for making appropriate
decisions with regard to insulin doses (17). This is true even after adjusting for
demographics and socioeconomic confounders (13). In this study, demographics and clinical
characteristics did not appear to have an impact on the adherence-glycemic control
relationship. However, we know that frequent blood glucose monitoring by itself does not
directly impact HbA1c; the capillary blood glucose information must be used effectively in
diabetes management in order for the frequency of monitoring to impact glycemic control (5,
18). Thus, frequency of blood glucose monitoring seems to be a behavior strongly

representative of adherence and very well associated with glycemic control.

Besides frequency of blood glucose monitoring, many other domains seem to be
related to adherence and have been assessed by different surveys (10, 11). However,
despite the well-known importance of adherence in achieving good glycemic control and
preventing diabetes complications (3, 19), there are only a few questionnaires with
established psychometric properties to assess it (10, 11, 20, 21). In this study, we evaluated
the two instruments validated to Brazilian Portuguese population to assess adherence in
patients with type 1 diabetes (14). Both surveys, as well as the self-evaluation questions,
demonstrated significant correlation with glycemic control and seem to be appropriate to
evaluate adherence in adults with type 1 diabetes. The DSMP, which includes domains
regarding diet, exercises, insulin, blood glucose monitoring frequency, and hypoglycemia,
showed to have the most powerful questions to predict glycemic control when compared to

self-evaluations. Although the five DSMP domains were not validated to be assessed
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separately, the lack of association between HbA1c and DSMP after controlling for frequency
of blood glucose monitoring suggests that this domain is likely to be the responsible for the
HbA1c-DSMP association. It is essential to state that, although surveys are an easy-to-use
instrument to assess adherence, frequency of blood glucose measures assessed by meter
download appear to have the strongest relationship with HbA1c in adults with type 1
diabetes. Surveys may have utility for periodic use with patients in clinical and research
settings (9); however, although surveys can predict glycemic control and health outcomes,
they cannot be interpreted as substitutes of HbA1c and must be analyzed with consideration
of the clinical setting (9). Interestingly, in this study, all the self-report assessments, including
the SCI-R, which is a self-administered survey to assess adherence, had a significant but
weak correlation with glycemic control. Consistent with previous studies (6, 13), adherence
assessments by self-evaluation may over-report engagement in diabetes tasks and

frequency of blood glucose self-monitoring.

It is important that we do not overestimate our findings. This study involved a cross-
sectional design, and our results represent associations, not direct causal relationships,
between glycemic control and adherence measures. Moreover, as occurs frequently in
behavioral studies, we were reliant on self-reports that were not confirmed objectively.
Further studies may want to confirm our findings in longitudinal research designs, while
controlling for the timeframe of assessing adherence behaviors. Moreover, future studies
need to be designed to better evaluate the impact of demographics and clinical

characteristics on adherence in order to best predict glycemic control.

To our knowledge, this is the first study designed to compare different methods to
assess adherence and blood glucose monitoring frequency in adults with type 1 diabetes.
Our findings highlight blood glucose monitoring frequency by meter download as the best
method to assess adherence and glycemic control. The knowledge from this study stresses
the importance of downloading blood glucose monitoring devices and provides opportunities

to better understand and assess adherence to diabetes management. Appropriately
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identifying modifiable characteristics associated with glycemic control may aid providers as
they consider a diabetes prescription or management plan. Further studies are necessary to

determine the role of each adherence assessment in diabetes care longitudinally.
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Table 1 — Demographic and clinical characteristics of study participants

N =82

Age (years) 39.0+ 131
Sex (% male) 63
Race/ethnicity (% Caucasian) 98
Socioeconomic class* (%)

High 13

Medium 70

Low 15

Very low 2
Diabetes duration (years) 212+ 111
Blood glucose monitoring (% =4 times/day) 27
HbA1c (%) 89122
HbA1¢c (mmol/mol) 74 + 24
Daily insulin dose (units/kg) 0.74 £ 0.30
Weight status (% overweight/obese) 39

Data are mean £ SD or n (%).
*Associagdo Brasileira de Empresas de Pesquisa 2013
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Table 2 — Correlation between adherence and blood glucose monitoring assessments

Blood glucose

Blood glucose Blood glucose monitorin
monitoring monitoring g
Assessments ; frequency (meter
frequency (self- frequency (diary) collection/
report) (r) (r downloading) (r)
Self-administered survey (SCI-R) 0.50 0.46 0.40
P value <0.0001 <0.0001 0.0002
Structured interview/survey (DSMP) 0.69 0.32 0.52
P value <0.0001 0.004 <0.0001
Self-evaluation (categorical) 0.31 0.28 0.41
P value 0.005 0.01 0.0001
Self-evaluation (continuous) 0.34 0.25 0.33
P value 0.002 0.02 0.003

SCI-R = Self Care Inventory-Revised; DSMP = Diabetes Self-Monitoring Profile.
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Table 3 — Stepwise regression for HbA1c and adherence assessments

Assessments

. . 2 P
(A) Blood glucose monitoring assessments R value B
Blood glucose monitoring frequency (self-report) 0.08 0.01 -0.28
Blood glucose monitoring frequency (diary) 0.04 0.07 -0.20
Blood glucose monitoring frequency (meter collection/downloading) 0.16 0.0002 -0.40
Blood glucose monitoring frequency (meter 0.16 0.0002 -0.40
collection/downloading)
(B) Adherence-specific assessments R? P B
value
Self-evaluation (categorical) 0.06 0.02 -0.27
Self-evaluation (continuous) 0.07 0.01 -0.27
Self-administered survey (SCI-R) 0.05 0.04 -0.23
Structured interview/survey (DSMP) 0.10 0.004 -0.32
Structured interview/survey (DSMP) 0.10 0.004 -0.32
. 2 P
(C) Final model R value B
Structured interview/survey _(DSMP) _ 0.18 0.22 -0.15
Blood glucose meter collection/downloading ' 0.007 -0.33
Blood glucose meter collection/downloading 0.16 0.0002 -0.40

SCI-R = Self Care Inventory-Revised; DSMP = Diabetes Self-Monitoring Profile; 8 = standardized estimate.
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Abstract

Objective: Current evidence is inconclusive about whether there is increased prevalence of
mental health disorders among youth with type 1 diabetes. The aim of this study was to
evaluate the frequency of mental health symptoms in adolescents with type 1 diabetes in

comparison to a population-based sample of adolescents in Brazil.

Research Design and Methods: We compared demographics and clinical characteristics of
116 youth with and 73,508 youth without type 1 diabetes from the same population-based
sample of adolescents aged 12 to 17 years, which were taken from the national Study of
Cardiovascular Risk in Adolescents (ERICA). We evaluated the 12-item General Health
Questionnaire (GHQ) score, which is a self-administered screening survey for detecting

mental health symptoms. Scores =3 were used to determine mental health disorder.

Results: Adolescents with and without type 1 diabetes were comparable with respect to age
and race/ethnicity distributions, although female sex was less frequently seen in the type 1
diabetes group. Youth with type 1 diabetes did not report higher scores on the weighted
GHQ analyses in comparison to youth without type 1 diabetes (3.16, SE 0.76 vs. 2.10, SE
0.03, respectively; P=0.167). Also, no differences were found with regard to the odds of
having a score 23 (OR 1.48, 95% CI 0.72-3.08). However, analyses of mental health
symptoms separately consistently showed that youth with type 1 diabetes more frequently

endorsed mental health barriers in comparison to youth without type 1 diabetes.

Conclusions: Mental health symptoms seem to be more frequent than diagnosis of mental
health disorders in adolescents with type 1 diabetes, which may also interfere in glycemic
control. Our findings highlight the need for appropriate mental health assessment in diabetes

care in order to prevent glycemic control deterioration.

Keywords: type 1 diabetes; adolescents; mental health
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INTRODUCTION

Mental health disorders have been associated with poor adherence to treatment and
poor glycemic control in patients with type 1 diabetes (1), which increase the risk of chronic
complications and hospital admissions (2, 3). Although effective therapies are available for
adequate diabetes care, adherence to such a complex and demanding therapy is, by itself,
an ongoing challenge that increases the burden of diabetes (4, 5). While the management of
diabetes is difficult at any age, adolescents experience it in addition to increasing social and
emotional demands of new regular daily tasks (6). A previous meta-analysis showed that
youth with type 1 diabetes were more likely to experience different psychological difficulties
in comparison to their peers (7). As a consequence of having difficulties in appropriately
adhere to diabetes treatment (8), besides all the metabolic changes that happen in
adolescents, such as insulin resistance (9), glycemic control is typically suboptimal during

the adolescence years (10), with implications in later life (11).

Adolescents with diabetes seem to be at higher risk for psychological distress (8).
During adolescence, mental health issues are possibly exacerbated by glycemic excursions
in youth with type 1 diabetes (12). There are increasing evidences suggesting that the
prevalence of mental health disorders may be not just higher in, but also partially caused by
type 1 diabetes (13). Immuno-inflammatory factors, glucose dysregulation, and
neurobiological findings that happen in individuals with diabetes may have a role in the
plausible biological link between type 1 diabetes and mental health disorders (14). Data
suggest a potential bidirectional relationship between depression and type 1 diabetes, which

still requires further confirmation (13).

Type 1 diabetes in youth has previously been associated with depression (7),
impaired executive function (6), and reduced quality of life (15). However, the majority of
studies evaluating mental health disorders in adolescents with type 1 diabetes were based

on small sample sizes and/or poor study design (16). One of the first population-based
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studies designed to evaluate mental health in adolescents with type 1 diabetes found no
evidence of increased disorders (17), suggesting that conclusions with regard to mental

health may need to be reconsidered.

Although current evidence is inconclusive about whether there is increased
prevalence of mental health disorders among youth with type 1 diabetes, a systematic
review with meta-analysis of 8 observational studies showed that those who are more
depressed have poorer glycemic control and higher risk of hospitalization for diabetes-
related issues (16). Also, the prevalence of subclinical depressive symptomatology appears
to be greater in individuals with type 1 diabetes (17). In some studies, depressive symptoms
at any time during young adult life, regardless of diagnosis of depression, presented as a
predictor of continued or recurring depression (17, 18). As subclinical symptomatology of
mental health disorders may be associated with poor clinical outcomes in youth with type 1
diabetes (17), the aim of this study was to evaluate the frequency of mental health disorders
and their symptoms in adolescents with and without type 1 diabetes from a population-based

sample of adolescents.

RESEARCH DESIGN AND METHODS

Design and procedures

In this study, we compared demographics and clinical characteristics of youth with
type 1 diabetes from a population-based sample of adolescents with youth without type 1
diabetes from the same sample. Data were taken from the Brazilian Study of Cardiovascular
Risks in Adolescents (ERICA), which is a national, cross-sectional study designed to
determine the magnitude of cardiovascular risk factors in adolescents from cities with over

100,000 inhabitants in Brazil. The ERICA sample, which was planned to be representative of
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the national and macro-regional levels, as well as all state capitals, employed stratification

and clustering for selection stages (19).

Uniform study procedures were used for data collection (20). The Institutional Review
Board of each Federative Unit of Brazil approved the study protocols, and all
adolescents/parents who agreed to participate in this study signed informed assent/consent

forms before beginning any study procedures.

Participants

The ERICA sample consists on adolescents aged 12 to 17 years who were attending
high school or one of the final three years of elementary school at public or private schools
in urban or rural areas (19). In this analysis, participants were classified as having type 1
diabetes if they reported to take insulin for diabetes. Based on this classification, 116
adolescents with type 1 diabetes were compared with 73,508 adolescents without type 1

diabetes.

Measures

Sociodemographic features and clinical data were obtained through patient self-
administered questionnaires and standardized anthropometric measurements (20). We used
weight (kg) and height (m) to calculate body mass index according to the World Health
Organization classification (21). Tanner stage, based on self-assessment, was used to
classify pubertal development (22). To determine the level of physical activity, we used an
adaptation of the Self-Administered Physical Activity Checklist (23, 24), which allows youth
to report frequency (days) and time (minutes) of different activities in the past week.
Adolescents who did not accumulated 300 min/week of physical activity were considered
inactive (25). Socioeconomic status was characterized using the Associagdo Brasileira de
Empresas de Pesquisa criteria (26), which includes data regarding costumer goods and

parental education. The scores range from 0 to 46 and higher scores indicate higher
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socioeconomic status. Parental education was defined as the education level of the parent
who was living with the youth at the time of the study. In case of adolescents living with two
parents, the highest education level was used for analyses. Recent alcohol consumption
was defined according to the ingestion of alcohol over the past month. Tobacco use was

defined as cigarettes smoking for at least a day over the past month.

For mental health assessment, adolescents completed the previously validated 12-
item General Health Questionnaire (GHQ) (27, 28). The GHQ is one of the most frequently
assessed self-administered screening survey for detecting non-psychotic mental health
symptoms in community settings. This survey asks whether respondents have experienced
a particular symptom or behavior recently in a 4-point Likert scale ranging from 0-12. Higher
scores indicate higher mental health symptoms. A GHQ score =23 was used to determine

mental health disorder (29).

Data analysis

Analyses were performed using Stata statistical software (version 14; College
Station, TX: StataCorp LP). The ERICA sample was based on stratification and clustering for
all selection stages. Sample weight was previously calculated by the product of the inverse
of inclusion probabilities and calibrated according to projections of the number of
adolescents enrolled in schools for each geographic area (19). We used post-stratification
estimative to modify the natural design weight. Twelve domains were defined based on the

six different ages and two sexes studied.

Descriptive data are presented as mean and standard error (SE) values or
percentages and 95% confidence interval (Cl). Statistical analyses included ¢ test for
continuous variables and X? for categorical variables. The survey scores and all analyses
were evaluated according to the two groups (type 1 diabetes and non-type 1 diabetes).
Adjustments were performed according to sex, age, physical activity status, alcohol and

tobacco use, weight status, socioeconomic status (tertiles), and macro-region (North,
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Northeast, Midwest, Southeast, and South). For GHQ score calculation, for each question,
the first two Likert response categories were combined as “no” in a yes=1/no=0 symptoms
category, and the last two Likert response categories were combined as “yes” in this same
yes=1/no=0 symptoms category. Odds ratio was used to evaluate the odds of having a GHQ
score 23 (30). Multivariable logistic regression analyses were used to determine the
association of mental health symptoms with demographics and clinical characteristics of

study participants. An alpha level of <0.05 was used to determine statistical significance.

RESULTS

Participants’ characteristics

Schools were selected from 124 cities, corresponding to a total of 3,734 classes in
1,251 schools. In total, 73,624 adolescents were included in this analysis. Details of the
ERICA sample size were previously described elsewhere (19). Overall, participants had a
mean age of 14.4 years old, SE 0.01; 55.4% (95% CIl 55.1-55.8) were female (non-weighted
value) and 40.1% (95% CI 38.5-41.7) were Caucasians. The two groups (adolescents with
and without type 1 diabetes) were comparable with respect to age and race/ethnicity
distributions, although female sex was less frequently seen in the type 1 diabetes group
(Table 1). No significant differences between the two groups were found with regard to
parental education. However, youth with type 1 diabetes were more likely to be from higher
socioeconomic status families. Most adolescents with type 1 diabetes responding to the
survey, as well as adolescents without type 1 diabetes, were studying in public schools (81.1
vs. 82.3%) and living in urban areas (99.0 vs. 96.1%) and in two-parent homes (63.7 vs.

57.3%), respectively.

The proportion of youth with type 1 diabetes who were physically active did not differ

from youth without type 1 diabetes. Clinical differences were also not found between the two
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groups with regard to tobacco use, alcohol consumption, obesity and overweight,

hypertension, and dyslipidemia.

The prevalence of type 1 diabetes in this sample was 0.18%. A clear North-South
variation was not found, but the prevalence appears to slightly rise as the geographical
latitude increases. Due to the way ERICA participants were selected, sample weights should
always be used to produce an unbiased national estimate (19). However, although ERICA
was designed to have a representative sample of the national level, macro-regional levels,
and all state capitals, this study identified two states and its capitals with no cases of type 1
diabetes. While weighting scheme allows estimates to increase reliability when evaluating a
subgroup of patients, this finding may be a limitation while interpreting our results. Based on
this, we decided to report weighted and non-weighted analyses for mental health disorder

scores (GHQ) and their respective multivariable logistic regression analyses (Table 2).

Mental health disorders

Analyses of mental health symptoms consistently showed that youth with type 1
diabetes more frequently endorsed barriers and mental health symptoms in comparison to
youth without type 1 diabetes (Figure 1). Youth with type 1 diabetes more frequently
reported not enjoying normal activities (27.4 vs. 13.7%, P=0.025), struggling to overcome
difficulties (39.1 vs. 23.0, P=0.013), not feeling useful (26.5 vs. 13.2, P=0.032), and losing
confidence (26.6 vs. 16.0, P=0.086) in comparison to youth without type 1 diabetes.
Analyses also identified feeling depressed or under stress as two common endorsed barriers
by youth with and without type 1 diabetes, although no statistical differences were seen

between the two groups with regard to these barriers.

Weighted analyses

In terms of mental health disorders, youth with type 1 diabetes did not report higher

scores on the GHQ in comparison to youth without type 1 diabetes (3.16, SE 0.76 vs. 2.10,
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SE 0.03, respectively; P=0.167). Also, no differences were found with regard to the odds of
having a score 23 (OR 1.48, 95% CI 0.72-3.08) between the two groups. Logistic regression
analyses calculated the odds of having a GHQ score 23 while controlling for demographics
and clinical characteristics (Table 2A). Model P value was <0.0001. Male sex, Southern and
Southeast regions, as well as tobacco use, were associated with lower odds of having a
GHQ score =3, while older ages, overweight/obesity, and alcohol consumption were
associated with higher odds of having a GHQ score =3. Demographics and clinical
characteristics of participants did not have a significant impact on the odds of having a GHQ

score 23 among adolescents with type 1 diabetes.

Non-weighted analyses

When evaluating non-weighted analyses, youth with type 1 diabetes reported higher
GHQ scores in comparison to youth without type 1 diabetes (3.07+£3.36 vs. 2.21+2.86,
respectively; P=0.001). Also, type 1 diabetes was associated with higher odds of having a
GHQ score 23 (OR 1.80, 95% CI 1.25-2.60). Logistic regression non-weighted analyses also
calculated the odds of having a GHQ score =3 while controlling for demographics and
clinical characteristics. A comparison between weighted and non-weighted multivariable
logistic regression analyses is available at table 2. Model P value was <0.0001. Male sex,
Southern and Southeast regions, Caucasians, physical activity, and tobacco use were
associated with lower odds of having a GHQ score =3, while older ages, higher
socioeconomic status, overweight/obesity, and alcohol consumption were associated with
higher odds of having a GHQ score 23 (Table 2B). Demographics and clinical characteristics
increased the impact of type 1 diabetes on the odds of having a GHQ score 23 according to

the non-weighted analyses.

CONCLUSIONS
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In order to highlight the need for increased mental health support in patients with
type 1 diabetes, we sought to evaluate adolescents with type 1 diabetes in Brazil and
compare mental health symptoms in youth with and without type 1 diabetes. To our
knowledge, this is one of the largest and first population-based studies to evaluate mental
health in adolescents with type 1 diabetes, providing, additionally, comparisons between
weighted and non-weighted analyses. Based on the population-based sample, although the
GHQ score did not differ between the two groups, youth with type 1 diabetes more
frequently endorsed some mental health symptoms in comparison to youth without type 1

diabetes.

Type 1 diabetes in adolescence has been previously associated with mental health
disorders (31, 32). Data suggest plausible mechanisms whereby a biological association
between type 1 diabetes and mental health disorders may exist (13). These findings,
however, were small in magnitude and limited by methodological problems and small
sample sizes. Also, these effects have become weaker in most recent studies especially
when well-matched comparison groups were evaluated (7, 14, 17). Some studies suggest
that youth with type 1 diabetes are not restricted by their iliness, having similar mental health
in comparison to their peers (17). In a recently published study aimed to evaluate mental
health in adolescents with type 1 diabetes, there was no evidence of increased
psychopathology across a wide range of mental health measures evaluating depression,
anxiety, sleep problems, and eating behavior (17). Current evidence is inconclusive about
whether there is increased prevalence of mental health issues among adolescents with type
1 diabetes (16). In this large and well designed population-based study, weighted analyses,
which have the power of not overestimating effect size, found no differences in mental health
disorders using a frequently assessed self-administered screening survey for detecting
mental health disorders in community settings. Moreover, tobacco use and alcohol
consumption were also not more frequently seen in youth with type 1 diabetes in comparison

to youth without type 1 diabetes based on weighted analyses.
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Positive associations were found, however, when non-weighted analyses were
performed. Besides more frequent mental health disorders in youth with type 1 diabetes,
non-weighted analyses increased the impact of type 1 diabetes on the GHQ score after
controlling for demographics and clinical data, such as physical activity, weight status,
tobacco use, and alcohol consumption. This finding has to be carefully interpreted in order to
not overstate associations. Although ERICA complex sample was not designed based on
mental health disorders and we may have some limitations to interpret our results, the
weighted sample is well representative of the national population of adolescents attending
schools, which allows analyses to adequately estimate comparisons to achieve consistent
estimates (33, 34). One of the reasons for considering weighted analyses to be more
adequate is because this possible oversampling generated by complex samples creates
opportunities to obtain more precise information on a subpopulation of particular interest,
such as type 1 diabetes (33, 35). The positive associations found in the non-weighted
analyses in this study, as well as previously published studies (32, 36), may be related to
upward-biased estimate, which overrepresents associations (33). This may explain why
mental health disorder association with type 1 diabetes becomes weaker or even negative in

well-designed studies (14, 17).

Recent data suggested that subclinical depressive symptoms were more frequent
than diagnosed depression in youth with type 1 diabetes (37). In our study, although no
differences were found between the two groups in the population-based sample with regard
to mental health disorders, analyses showed that youth with type 1 diabetes more frequently
endorsed barriers and mental health symptoms in comparison to youth without type 1
diabetes. In previous studies, depressive symptoms predicted later depression diagnosis,
suggesting that occurrence of depression at any time during adolescence is a risk factor for
continued or recurring depression (16, 18, 38). Also, there is consistent evidence that more
mental health symptoms were associated with poor glycemic control (16), which

underscores the need for mental health assessment. This finding adds to the literature and
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suggests that, once considering our population-based assumptions, we may have instead of
more frequent mental health disorders, more frequent subclinical mental health symptoms in
adolescents with type 1 diabetes, which should be considered when evaluating patients in

clinical settings.

In the literature, demographics, socioeconomic features, and clinical characteristics
seem to have an impact on type 1 diabetes distribution (39) and may impact glycemic
control and mental health issues (1). In this study, although not clear, the incidence of type 1
diabetes appears to slightly rise as the geographical latitude increases. While a clear North-
South variation was also not found in the U.S. even after adjusting for ethnic groups (39), in
Europe and China, this different distribution pattern was found (40-42). Wide variations in
incidence among areas of similar latitude suggest the presence of other environmental
features (43). Socioeconomic status seems to be one of these factors (39). In our study, as
well as previously published research (39), measures of higher socioeconomic status were
more frequently seen in adolescents with type 1 diabetes. Further studies are needed to
understand all mechanisms underlying the neighborhood influence. Also, although most
autoimmune diseases are more common in females, some studies suggest that type 1
diabetes has no gender differences (44). In contrast, and similarly to other studies in select
population (45), our study showed type 1 diabetes to be more prevalent among males. With
regard to mental health, based on this population-based sample, demographics and clinical
characteristics of participants did not have an impact on the type 1 diabetes-mental health

disorders association.

It is important that we do not overstate our findings. Although ERICA is a population-
based study, the mental health instrument GHQ is only a screening instrument, which may
overestimate the prevalence of mental health issues (46). Moreover, ERICA was not
primarily designed to evaluate mental health disorders. Our findings should be confirmed
using diagnosis tools for mental health disorders in population-based studies aimed to

evaluate mental health. Nevertheless, this is the first Brazilian population-based study and
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one of the largest ones in the world to assess mental health in adolescents with and without
type 1 diabetes, and our results should be addressed while considering mental health

evaluation in diabetes care.

In conclusion, mental health symptoms seem to be more frequent than diagnosis of
mental health disorders in adolescents with type 1 diabetes. Considering that mental health
issues may be underlying risks that compromise glycemic control (8), our findings have
practical implications for providers taking care of adolescents with type 1 diabetes, where
mental health assessment may identify those at high risk of mental health disorders in order

to prevent glycemic control deterioration.
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Table 1. Population-weighted demographics and clinical characteristics

Non-type 1 diabetes

(n=73,508)

Type 1 diabetes
(n=116)

Age (years)
Sex (% female)*
Race/ethnicity (% white)
Macro-region
North
Northeast
Midwest
Southeast
South
Area (% urban)
School (% public)
Family structure (% two-parent home)
Parental education (% high school graduate)
Socioeconomic status (% tertiles)
First (low)
Second (medium)
Third (high)
Puberty stage (% complete)
Physical activity (% =300 min/week)
Overweight (%)

14.4 £ 0.01
55.4 (55.1-55.8)
40.1 (38.4-41.7)

8.4 (8.4-8.4)
21.3 (21.3-21.4)
7.7 (7.7-1.7)
50.8 (50.7-50.8)
11.8 (11.7-11.8)
96.1 (88.1-98.8)
82.6 (78.0-86.4)
57.3 (55.8-58.7)
54.8 (51.7-57.8)

34.9 (32.9-36.9)
32.8 (31.5-34.2)
32.3 (29.7-34.9)
34.5 (33.8-35.2)
45.7 (44.8-46.6)
17.1 (16.3-18.0)

142 £ 0.23
41.4 (32.8-50.6)
50.5 (36.2-64.7)

10.3 (5.7-18.0)
12.9 (5.5-27.2)
4.7 (1.8-11.6)

53.8 (36.0-70.6)
18.3 (8.0-36.5)

99.0 (96.8-99.7)

81.1 (64.8-90.9)

63.7 (47.7-77.1)

56.2 (41.9-69.6)

o~~~ o~

22.4 (10.5-41.4)
24.1 (10.4-46.5)
53.5 (37.0-69.3)
31.4 (19.0-47.1)
41.8 (27.3-57.8)
14.1 (6.7-27.3)

Obesity (%) 8.4 (7.9-8.9) 6.0 (2.3-15.0)
Alcohol consumption (%) 7.5 (7.4-7.6) 7.0 (6.3-8.2)
Tobacco use (%) 2.5 (2.2-2.8) 3.6 (1.5-8.2)
Hypertension (%) 3.8 (3.4-4.2) 6.0 (2.2-15.0)
Dyslipidemias (%) 8.9 (8.3-9.6) 16.6 (8.0-31.2)
Asthma (%) 9.1 (8.6-9.6) 7.0 (3.3-14.1)

Data are mean £ SE or % (95% ClI)
*Non-weighted value
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Table 2. Weighted and non-weighted multivariable logistic regression of mental health disorders

GHQ 23

(A) Weighted analyses

(B) Non-weighted analyses

Age (years)
Sex (male)
Race/ethnicity (Caucasians)
Macro-region
Northeast
Southeast
South
Midwest
Socioeconomic status
Medium
High
Physical activity (=300 min/week)
Obesity/overweight
Alcohol consumption
Tobacco use
Type 1 diabetes

1.08 (1.04-1.13)*
0.44 (0.40-0.48)*
1.05 (0.91-1.22)

0.98 (0.89-1.10)
0.88 (0.79-0.99)*
0.83 (0.73-0.94)
1.00 (0.89-1.11)

0.98 (0.85-1.14)
1.09 (0.96-1.24)
0.91 (0.82-1.02)
1.13 (1.02-1.26)*
1.78 (1.62-1.98)*
0.67 (0.50-0.90)*
1.02 (0.41-2.54)

111 (1.10-1.13)*
0.44 (0.42-0.46)*
0.94 (0.90-0.98)*

0.89 (0.84-0.94)*
0.85 (0.80-0.90)*
0.82 (0.76-0.88)*
0.93 (0.87-0.99)*

0.99 (0.94-1.03)
1.10 (1.05-1.16)*
0.92 (0.88-0.96)*
1.07 (1.02-1.12)*
1.64 (1.57-1.71)*
0.70 (0.61-0.80)*
2.08 (1.28-3.38)*

*P<0.05. Data are OR (95% ClI).
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Abstract

Objective: Young adults with type 1 diabetes transitioning from pediatric to adult care are at
risk for adverse outcomes. Our objective was to describe experiences, resources, and
barriers reported by a national sample of adult endocrinologists receiving and caring for

young adults with type 1 diabetes.

Research Design and Methods: We fielded an electronic survey to adult endocrinologists
with a valid e-mail address identified through the American Medical Association Physician

Masterfile.

Results: We received responses from 536 of 4,214 endocrinologists (response rate 13%);
418 surveys met the eligibility criteria. Respondents (57% male, 79% Caucasian)
represented 47 states; 64% had been practicing >10 years and 42% worked at an academic
center. Only 36% of respondents reported often/always reviewing pediatric records and 11%
reported receiving summaries for transitioning young adults with type 1 diabetes, although
>70% felt that these activities were important for patient care. While most respondents
reported easy access to diabetes educators (94%) and dietitians (95%), fewer (42%)
reported access to mental health professionals, especially in nonacademic settings.
Controlling for practice setting and experience, endocrinologists without easy access to
mental health professionals were more likely to report barriers to diabetes management for
young adults with depression (odds ratio [OR] 5.3; 95% CI 3.4, 8.2), substance abuse (OR

3.5; 95% CI 2.2, 5.6), and eating disorders (OR 2.5; 95% CI 1.6, 3.8).

Conclusions: Our findings underscore the need for enhanced information transfer between
pediatric and adult providers and increased mental health referral access for young adults

with diabetes post-transition.

Key words: Diabetes Mellitus, Type 1; Pediatrics; Continuous Glucose Monitoring; Patient

Compliance; Medication Adherence; Quality of Life; Insulin Infusion Systems
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INTRODUCTION

The young adult period presents special challenges for patients with type 1 diabetes,
a chronic illness that requires intensive daily self-management and close medical follow-up
(1,2). As young adults with type 1 diabetes experience competing life priorities and
decreasing parental involvement in diabetes care, treatment adherence and glycemic control
may decline. Young adults with type 1 diabetes, like adolescents (3), have been shown to be
at risk for poor glycemic control and adverse health outcomes, including acute diabetes
complications such as ketoacidosis and severe hypoglycemia, chronic microvascular

complications, and early mortality (4—10).

Health care transition has been defined as “the planned, purposeful movement of
young adults from child-centered to adult-oriented health-care systems” (11). There is broad
consensus that a lack of effective transition from pediatric to adult diabetes care may
contribute to fragmentation of health care, decreased frequency of clinical follow-up, and

increased risk for adverse outcomes in young adults with type 1 diabetes (2,12).

Empiric data are limited on best practices in transition care, especially in the U.S.
(10,13-16). Prior research, largely from the patient perspective, has highlighted challenges
in the transition process, including gaps in care (13,17—19); suboptimal pediatric transition
preparation (13,20); increased post-transition hospitalizations (21); and patient
dissatisfaction with the transition experience (13,17-19). Previous studies (22—24) have also
identified differences between pediatric and adult diabetes care environments as perceived
by patients, including, for example, an increased focus on the family in the pediatric setting

and an increased focus on diabetes complications in the adult setting.

To advance improvements in care, the national landscape of health care transition
and post-transition care for young adults with type 1 diabetes requires greater understanding
of the barriers, especially with respect to receiving physician perspectives. Available data

suggest that adult endocrinologists care for many young adults with type 1 diabetes
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following their transfer from pediatric endocrinologists. Among a cohort of participants =218
years old in the SEARCH for Diabetes in Youth Quality-of-Care Survey sample, 45%
received care from an adult endocrinology care provider, compared with 17% from a
generalist (25). However, in order to identify the best practices to enhance the transition
process, it is critically important to evaluate the experiences of the adult endocrinologists

accepting these transitioning young adult patients with type 1 diabetes.

The objectives of this study were to describe experiences reported by a national
sample of adult endocrinologists caring for young adults with type 1 diabetes transferring
from pediatric to adult diabetes care and to assess the clinical resources and barriers to care

for young adults with type 1 diabetes reported by adult endocrinologists.

RESEARCH DESIGN AND METHODS

Survey Development

We developed a structured survey to characterize the clinical experiences,
resources, and barriers reported by adult endocrinologists caring for young adults with type
1 diabetes. Academic literature review, patient survey results, and pediatric and adult
provider interviews guided survey development. Initial revisions were made following
individual and group feedback from pediatric and adult diabetes providers. The survey was
then administered to a small convenience sample of eight endocrinologists for cognitive

testing prior to final revisions.

The final survey included 60 items and required approximately 10 min for completion.
The survey was divided into the following domains: 1) practice characteristics, 2) physician
demographics, 3) health care transition components and their perceived importance, and 4)
description of diabetes care provided for young adults, including resources, barriers, and

recommendations for improvement. The survey ended with an optional open-ended question
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asking whether respondents wanted to share anything else regarding experiences caring for
young adults with diabetes. A secure electronic version of the survey was created using
Research Data Electronic Capture, or REDCap (26), hosted by the Joslin Diabetes Center in
conjunction with user support from Harvard Catalyst. A copy of the survey is available upon
reader request to the corresponding author. This study was approved by the Committee on

Human Studies at the Joslin Diabetes Center, Boston, MA.

Description of Key Survey Variables

For assessment of components of transition care, the survey asked: “In your
experience, how often do the following occur when patients with type 1 diabetes are
transitioning to you from pediatric care?” Components included receipt of patient summary,
review of pediatric records, communication with pediatric providers, parent involvement in
first adult visit, combined pediatric/adult diabetes visit, and participation in a transition
program. Response options included the following: never, rarely, sometimes, often, or
always. Respondents then indicated the perceived importance of each component, with the
following response options: not at all important, somewhat important, important, or very

important.

To evaluate clinical resources, the survey asked respondents to first indicate
resources to which they had easy access (diabetes educator, dietitian, mental health
provider, exercise physiologist, care coordinator, and interpreter) and then to specify
resources to which they still needed additional access to care effectively for young adults

with diabetes.

For the assessment of barriers, the survey presented a series of clinical scenarios
involving a 22-year-old patient with type 1 diabetes. Several scenarios focused on mental
health topics (e.g., clinical depression, eating disorder, alcohol/drug abuse, severe fear of
hypoglycemia, and developmental disability), while others focused on medical management

(continuous glucose monitoring, elite athlete, obesity, and poor glycemic control with
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recurrent ketoacidosis). For each scenario, we asked respondents to describe the barriers to
clinical diabetes management; response options included the following: 1) requires too much
additional time, 2) inadequate clinical resources, 3) lack clinical expertise in this, 4) other, 5)

none.
Survey Administration

Eligible subjects included physicians with a valid e-mail address with specialty listed
as “Endocrinology” or “Diabetes” in the American Medical Association (AMA) Physician
Masterfile, excluding trainees or physicians with pediatrics or pediatric endocrinology listed
as the primary specialty. The AMA Physician Masterfile is a record of current and past data
from physicians in the U.S. A physician’s profile is created upon entrance to medical school
and is updated with information collected from board certification and state licensure

programs, annual AMA census surveys, and an annual online profile update.

We sent an electronic survey to eligible physicians in four waves between July and
September 2012. Responses were anonymous. For respondents to proceed with the survey,
they had to report caring for five or more young adults with type 1 diabetes, and for inclusion
in analyses, respondents had to complete all items related to health care transition. Subjects
were offered a choice of a $10 donation to either the American Diabetes Association or

JDRF upon survey completion.
Statistical Analysis

All statistical analyses were conducted using SAS version 9.2 (SAS Institute Inc.,

Cary, NC). Descriptive statistics were presented as the mean and SD or proportions. X2
tests evaluated associations of practice (academic setting, yes/no) and physician (>10 years
of experience, yes/no) characteristics with reported components of transition and clinical
resources. Because of multiple comparisons across survey questions, a P value of <0.01

was used as the threshold for statistical significance. Following the recognition that mental
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health services were the only desired clinical resource that was unavailable to >50% of
respondents, additional analyses explored factors associated with the absence of mental
health services. For the clinical scenarios created to assess barriers, multivariable logistic
regression (controlling for years of physician experience and practice setting) provided the
odds (with 95% CI) of endorsing barriers in each specific scenario (e.g., depression)

according to reported lack of mental health resources.

Open-Ended Response Analysis

Thematic analysis was undertaken of the responses to the open-ended question
inviting further input from respondents about their experiences caring for young adults with
type 1 diabetes. This analysis was iteratively conducted by three members of the research
team (K.C.G., G.H.T., and L.M.L.). The team members independently read all free-text
comments and marked and categorized key words and phrases to generate initial codes.
Codes were organized using Microsoft Excel. Initial codes were discussed by the group, and
discrepancies were resolved through consensus on each comment, ultimately generating a
list of second-cycle codes. Each team member then applied the revised coding framework to

all free-text comments, and the team met to reach consensus on six final themes.

RESULTS

Survey Response

A total of 6,398 physicians in the non-territorial U.S. were listed in the AMA Physician
Masterfile in July 2012 with Endocrinology or Diabetes as the primary specialty (excluding
trainees or pediatric physicians). For comparison, the American Board of Internal Medicine
recorded 6,384 valid nonterritorial certifications in Endocrinology, Diabetes, and Metabolism
as of February 2013 (www.abim.org). We sent the electronic survey to the 4,275 eligible

physicians with an available e-mail address. Of these, 4,215 surveys were successfully
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delivered.

We received 536 responses (13% response rate). Of these, 29 surveys were
minimally complete (according to predetermined criteria), 64 physicians sent messages to
report their ineligibility (e.g., geriatric providers or working in industry), and 25 physicians

cared for fewer than five young adults with diabetes. In sum, 418 surveys were analyzed.

Sample Characteristics

Table 1 displays respondent and practice characteristics. The majority of
endocrinologists responding to the survey were male (57%), Caucasian (79%), >45 years
old (59%) and had been practicing adult endocrinology/diabetes for >10 years (64%). Sex
and age comparison data are available from a recent Endocrine Society analysis (27) of
data from the 2011 AMA Physician Masterfile, in which 62% of endocrinologists were male
and the mean age was 51 years. Half of the respondents worked in an urban setting, and
42% worked at an academic medical center. A total of 46 states plus the District of Columbia
were represented in the sample; only Idaho, Nebraska, South Dakota, and Wyoming were
not represented. Examining responses by U.S. Census region, 30% of respondents
practiced in the Northeast, 30% in the South, 23% in the Midwest, and 17% in the West. On
the basis of the regional breakdown of American Board of Internal Medicine endocrinology
certifications as of February 2013, the sample represented between 5.5% and 7.5% of

endocrinologists for each of the four census regions (www.abim.org).

Transition Referral Practices

Endocrinologists reported multiple referral sources for young adults with type 1
diabetes entering their practice. Referral sources often/always generating new patients in
this population included referral by pediatric providers (43%), referral by family or friend
(40%), self-referred (28%), referred by health insurance (11%) or student health (9%), or

other (10%).
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Components of Transition Care

Figure 1 shows the proportion of respondents reporting an occurrence of health care
transition components (often/always) for young adults with type 1 diabetes entering their
practices. None of these components was endorsed as often/always occurring by more than
half of respondents. Having the patient’s parent at the first adult visit was most commonly
endorsed (47%), and approximately one-third of respondents endorsed having the
opportunity to review pediatric records (36%). Very few endocrinologists reported receiving
patient summaries, direct communication with pediatric providers, joint pediatric-adult
provider visits, or patient participation in a transition program (all <12%). While occurring
infrequently, half of the transition components were nonetheless rated as important/very
important by the majority of respondents, including patient summary (73%), pediatric record
review (72%), and parent presence at the first visit (56%). One-third of respondents rated
direct communication with pediatric providers and transition programs as important/very

important, while only 10% endorsed the importance of a joint pediatric-adult provider visit.

X2 comparisons showed no significant differences in occurrence of transition care
components for endocrinologists with >10 years of experience or those practicing in

academic settings.

Clinical Resources for Young Adult Diabetes Care

Figure 2 depicts the availability of clinical resources for young adult diabetes care
and reports the need for additional access; availability of and need for additional access
were not mutually exclusive. Most endocrinologists reported easy access to diabetes
educators (94%), dietitians (95%), and interpreter services (61%). Fewer (42%) reported
access to mental health providers (e.g., social worker, psychologist, or psychiatrist).
Endocrinologists who reported easy access to mental health referrals for young adults with

type 1 diabetes were more likely to practice at academic medical centers (52% vs. 35%,
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P=0.0006). Very few endocrinologists reported easy access to care coordinators (15%) or
exercise physiologists (16%). Regarding the need for additional resources, mental health

(54%) was the only need endorsed by the majority of respondents.

Barriers to Clinical Management of Young Adults With Diabetes

In nine patient scenarios focusing on barriers to clinical diabetes management,
specific barrier options included inadequate clinical resources, lack of clinical expertise, and
too much additional time required. Of these, the resource barriers were the most highly
endorsed, especially for the scenarios involving mental health issues, including substance
abuse (47% endorsed the lack of resources barrier), eating disorder (39%), depression
(38%), and developmental disability (31%). Resource barriers were less frequently endorsed
(10-16%) for scenarios focused on medical management or technology. Similarly, for the
mental health scenarios, 30% of endocrinologists endorsed lack of expertise as a barrier for
substance and eating disorder cases (both 30%), followed by developmental disability (24%)
and depression (15%), in contrast to minimal expertise barriers (1-3%) for recurrent
ketoacidosis, obesity, and continuous glucose monitoring. Figure 3 summarizes the report of

resource and expertise barriers.

In general, time barriers were less frequently selected. Time barriers were endorsed
by 24% of respondents for developmental disability; by 11-13% of respondents for
substance abuse, eating disorders, depression, continuous glucose monitoring, recurrent

ketoacidosis, and elite athlete; by 9% for fear of hypoglycemia; and by 7% for obesity.

Logistic regression models calculated the odds of endorsing barriers for each specific
scenario according to reported lack of mental health resources, controlling for physician
experience and practice setting. All model P values (likelihood ratio test) were <0.0001.
Endocrinologists without easy access to mental health referrals were most likely to report
barriers to diabetes management for young adults with depression (odds ratio [OR] 5.3; 95%

Cl 3.4, 8.2), substance abuse (OR 3.5; 95% Cl 2.2, 5.6), and eating disorders (OR 2.5; 95%
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Cl 1.6, 3.8). In addition, endocrinologists without easy access to mental health referrals were
also more likely to report barriers to management for fear of hypoglycemia (OR 2.5; 95% CI
1.4, 4.4) and developmental disability (OR 2.3; 95% CI 1.5, 3.6). Barriers to management for
all other scenarios were not significantly increased in endocrinologists without easy access

to mental health referrals.

Overall Perceptions and Suggestions for Improvement in Young Adult Diabetes Care

Overall, 75% of endocrinologists reported that they enjoyed seeing young adults
with type 1 diabetes (agree/ strongly agree), and 56% endorsed wanting to see more young
adults with type 1 diabetes in their practice. About half felt that treating young adults with
type 1 diabetes required more time (45%) and more resources (45%) compared with older
adults with type 1 diabetes. To foster improvements in young adult diabetes care,
respondents recommended patient support groups (82% helpful/very helpful), improved
reimbursement rates (76%), online provider resources about young adult diabetes
management (60%), and continuing medical education about young adult behavioral issues

(57%).

Open-Ended Response Analysis Results

A total of 153 of 418 of the respondents (37%) provided comments to the open-
ended question inviting further input regarding their experiences caring for young adults with
type 1 diabetes. During the coding process, the team reached consensus on six final
themes. More than 80% of narrative comment codes were encompassed by the following
three themes: 1) intensive time and care coordination requirements of young adults with type
1 diabetes (36%): adult endocrinologists endorsed a need for increased time to spend with
young adults as well as a need for increased resources to address young adult social,
emotional, and family issues; 2) challenges with nonadherence among young adults with
type 1 diabetes (30%): adult endocrinologists frequently cited competing priorities of young

adults and their lack of acceptance of the potential severity of type 1 diabetes as major
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barriers to adherence; and 3) divergent approaches to care by pediatric and adult diabetes
providers (18%): adult endocrinologists perceived “coddling” and “excessive” focus by
pediatric endocrinologists on avoidance of hypoglycemia at the expense of glycemic control.
Table 2 includes representative quotations from each of these three central themes,

encompassing 84% of the comments.

The remaining narrative comment thematic categories included financial aspects of
young adult diabetes care (7%), the role of family and social support in young adult diabetes

care (6%), and (6) other/miscellaneous comments (3%).

CONCLUSIONS

To our knowledge, this is the largest study to date examining the experiences of

adult endocrinologists caring for transitioning young adults with type 1 diabetes in the U.S.

Results from our sample, representing 418 adult endocrinologists practicing in 47

states, underscore a number of major challenges in the health care transition process.

Only one-third of adult endocrinologists reported the opportunity to review pediatric
records of young adults entering their practice, although three-quarters felt that it was
important to do so. A minority (<15%) described direct communication (e.g., e-mail or phone)
with pediatric diabetes providers or the receipt of a formal transition medical summary.
Further, adult endocrinologists in our sample noted that a majority of young adult patients

with type 1 diabetes appeared without any physician referral.

These findings of deficiencies in transition care coordination reinforce results from
young adult patient (13,20) and pediatric provider (28) surveys showing suboptimal transition
planning. Joint expert consensus guidelines from the American Academy of Pediatrics,

American Academy of Family Physicians, and the American College of Physicians state the
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importance of medical record review by the receiving adult provider as well as direct
communication between pediatric and adult providers (29). A position statement of the
American Diabetes Association, in collaboration with many professional societies,
emphasizes the value of a pediatric care summary document, with recommended
components including assessment of diabetes self-care skills, summary of past glycemic
control and diabetes-related comorbidities, and summary of mental health issues (2). The
Endocrine Society has created materials to help ease this transition process, including a
comprehensive care summary template (30). Nonetheless, the gaps between national
consensus recommendations and current physician practices, as demonstrated in our study,
support the need for additional collaborative efforts at individual, practice, and systems

levels to enhance provider hand-offs for transitioning young adults with type 1 diabetes.

A number of studies document deficiencies in provider hand-offs across other
chronic conditions and point to the broader relevance of our findings. For example, in two
studies of inflammatory bowel disease, adult gastroenterologists reported inadequacies in
young adult transition preparation (31) and infrequent receipt of medical histories from
pediatric providers (32). In a study of adult specialists caring for young adults with a variety
of chronic diseases (33), more than half reported that they had no contact with the pediatric

specialists.

Importantly, more than half of the endocrinologists in our study reported a need for
increased access to mental health referrals for young adult patients with type 1 diabetes,
particularly in non-academic settings. Report of barriers to care was highest for patient
scenarios involving mental health issues, and endocrinologists without easy access to
mental health referrals were significantly more likely to report barriers to diabetes
management for young adults with psychiatric comorbidities such as depression, substance

abuse, and eating disorders.

Prior research (34,35) has uncovered the lack of mental health resources in diabetes
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care. In the large cross-national Diabetes Attitudes, Wishes and Needs (DAWN) study (36),
which was not specific to type 1 diabetes or young adults, diabetes providers often reported
not having the resources to manage mental health problems; half of specialist diabetes
physicians felt unable to provide psychiatric support for patients and one-third did not have
ready access to outside expertise in emotional or psychiatric matters. Our results, which
resonate with the DAWN findings, are particularly concerning in light of the vulnerability of
young adults with type 1 diabetes for adverse medical and mental health outcomes

(4,34,37,38).

In a recent report from the Mental Health Issues of Diabetes conference (35), which
focused on type 1 diabetes, a major observation included the lack of trained mental health
professionals, both in academic centers and the community, who are knowledgeable about
the mental health issues germane to diabetes. Our results support a need for increased
clinical training programs for mental health providers focusing on the mental health needs of
young adults with diabetes, including depression, substance abuse, and eating disorders. In
addition, continuing medical education programs for adult endocrinologists on mental health
topics may foster an integration of mental and physical health care for young adults with type

1 diabetes.

Our thematic analysis also highlighted provider perceptions of the intensive
psychosocial needs of young adults with type 1 diabetes, along with concerns about time
constraints in clinical care. Challenges regarding the psychosocial needs of young adult
patients have similarly been reported in qualitative work with general internists (39). The
third most common theme in our study of adult endocrinologists related to perceived
divergent approaches to care by pediatric and adult diabetes providers. This observation
calls for future study and an open dialogue between pediatric and adult providers.
Qualitative research (24,40) has suggested that pediatric and adult care systems represent
two different medical “subcultures” and that the young adult’'s lack of preparation for

successful independent participation in the adult health care culture may contribute to
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transition challenges. Pediatric diabetes providers may consider discussing with transitioning
patients that adult providers may address glycemic control and diabetes complications in a

different manner than experienced in pediatrics.

There are several limitations to this study. The study was limited to physicians with
valid e-mail addresses listed in the AMA Physician Masterfile. Nonresponse bias is a
concern, though the response rate is comparable with other studies using electronic
physician surveys (28,41). Moreover, data were not available regarding demographic
characteristics of the nonrespondents. Given the low proportion of respondents (9%)
practicing in rural areas, future study is needed to capture the unique needs of transitioning
young adults in rural areas. In addition, the results may be biased toward physicians who are
interested in thinking about young adults with type 1 diabetes and thus may represent a
“best case” scenario of transition care practices. Self-reported survey data are subject to
recall bias and, perhaps, to a desire to provide socially desirable answers (though the
anonymity of the survey should mitigate this). The survey was conducted in 2012, and the
results may not reflect the latest advances in care following publication of expert consensus
guidelines in recent years. Finally, this study focused solely on endocrinologists and did not
evaluate the experiences of primary care physicians or nurse professionals, who may
provide diabetes care for transitioning young adults with type 1 diabetes. Perceptions of
young adult diabetes care from different types of adult diabetes care providers, including
primary care physicians as well as certified diabetes educators and advanced practice

registered nurses, require further study.

In conclusion, our results provide important information about the experiences of
adult endocrinologists caring for young adults with type 1 diabetes in the U.S. Our findings
support the high importance of enhanced information transfer and direct communication
between pediatric and adult diabetes providers, along with efforts to increase mental health
provider training and access and to implement educational opportunities for adult

endocrinologists on behavioral health topics specific to young adults with type 1 diabetes.
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Table 1. Sample Characteristics (n = 418)

CHARACTERISTIC ITEM N MEAN % SD OR %
Male 400 57%
Race 403
Black/African-American 1%
White/Caucasian 79%
Asian/Pacific Islander 17%
Other 3%
Age 405
<45 years 41%
46-64 years 48%
265 years 11%
Years in practice 404
<10 years 37%
11-20 years 28%
=21 years 35%
United States census region of practice 403
Northeast 30%
South 30%
Midwest 23%
West 17%
Practice setting 416
Urban 51%
Suburban 40%
Rural 9%
Practice type 415
Academic medical center 42%
Community hospital 9%
Large group practice 27%
Small group practice 12%
Solo practice 10%
Percent of patient panel with type 1 diabetes 413 22 +17
Percent of patient panel with type 2 diabetes 393 54 + 22
Number of type 1 diabetes patients 18-30 years in 415
physician panel
5-25 40%
26-50 29%
51-100 17%
>100 14%
Report of typical diabetes return visit length 404 39%
Report of typical diabetes return visit length 415
<15 minutes 22%
20 minutes 39%
25-30 minutes 36%
>30 minutes 3%
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Table 2. Representative Quotations from Thematic Analysis of Narrative Comments

Intensive time
and care
coordination
requirements

“l always plan on running behind with this group.”

“l often spend more time on social issues than actual medical decision-making.”

“It takes a great deal of time...l wish | had more resources to deal with the

of young transition of adolescents/young adults to the adult endo clinic.”
adults with “Very time-consuming and intense, requires coordination of care, family interaction
!ype 1 and involvement, utilizes many resources.”
diabetes
“l find it frustrating at times because they do not yet realize the potential severity of
their disease. They no-show for appointments at much higher rate than other adult
patients.”
Challenges “Young adults are generally noncompliant and don't take their diagnoses seriously.
with non- There are very few young adults | see that are motivated to care about their
adherence disease. This is the biggest challenge.”
among young | “They fall in two camps....very committed to their care, in which taking care of them
adults with is easy, and very negligent/irresponsible when it comes to managing diabetes...in
d?yset1 which case | don't know how to help them.”
labetes “Young adults with type 1 diabetes have many competing demands which puts
their diabetes care last on their priorities...many are unprepared about the
differences between pediatric and adult care or even how to function as an
independent young adult with type 1 diabetes.”
“Almost none of these young adults arrive in my office with the ability to care for
their diabetes on their own. | have a sense that they learned nothing from their
pediatric endocrinologists or they were taught nothing.”
. “Generally ill-prepared to face responsibilities as adult diabetic patient. Are coddled
Divergent too long by parents and pediatric practices. Adult practices in non-academic
approacges to | environments cannot 'hold hands'. These young adults are not trained to be
care by

pediatric and
adult diabetes
providers

accountable for their actions and have difficulty transitioning to adult care.”

“Overall I've been underwhelmed by pediatric endocrinologists from what the
patients transitioning to me tell me. It seems that A1c's are not stressed and
avoidance of hypoglycemia is stressed excessively...l then get patients that are
developing complications in their mid-20's.”

“Patients transitioning from peds have been conditioned to think an A1c of 8 is OK.
Then the adult endo becomes the bad news doctor, making the transition worse.”
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Figure 1—Health care transition components: reported occurrence in practice and perceived
importance. Pedi, pediatric.
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Figure 2—Clinical resources for young adult type 1 diabetes care: reported availability and
recognition of need.
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Figure 3—Common clinical challenges facing endocrinologists caring for young adults with
type 1 diabetes: perceived lack of expertise and need for more resources. CGM, continuous
glucose monitoring; DKA, diabetic ketoacidosis.
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CONCLUSOES

O diabetes tipo 1 € uma doencga crénica e progressiva, cujo tratamento estabelece
continuas demandas tanto para o paciente quanto para seus familiares, e a adolescéncia
parece ser um periodo especialmente critico para o controle glicEmico. A partir de dados
deste trabalho, identificou-se que este controle tende a deteriorar especialmente no sexo
feminino ao final da puberdade. De acordo com nossas analises, 0 uso de tecnologia em
saude, como bomba de insulina, associou-se a melhor controle glicEmico durante a infancia,
adolescéncia e idade adulta. Ressalta-se, entretanto, a importancia de identificar
adequadamente os pacientes que potencialmente se beneficiardo do uso de tecnologia para
0 manejo do diabetes. Nossos resultados identificaram, a partir de um grupo selecionado de
pacientes, que aqueles motivados ao uso de monitores continuos de glicemia (continuous
glucose monitoring, CGM) ja mostravam-se diferentes da populagéo geral antes do inicio do
uso de CGM, com melhor adesdo ao tratamento, melhor controle glicémico, maior
frequéncia de verificagdo da glicemia capilar, menor conflito familiar relacionado ao diabetes
e maior qualidade de vida. Avaliar adequadamente a adesao ao tratamento parece ser um
ponto fundamental antes de considerar o uso de tecnologias na pratica clinica. Para
avaliagdo de adesao, nossos resultados identificaram a verificagdo da glicemia capilar por
download de glicosimetro como o mais forte método preditor de controle glicEmico. O uso
de um questionario administrado por entrevistadores também mostrou-se como método
adequado, podendo fornecer informagdes adicionais a equipe de saude relacionadas aos
seus dominios (dieta, exercicios, insulinoterapia, monitorizacdo da glicemia capilar e
hipoglicemia). Para garantir adequada adesao, torna-se importante a identificagdo de
potenciais transtornos de saude mental capazes de modificar o controle glicémico. Nossos
resultados evidenciaram que, em comparagao ao grupo controle de adolescentes sem
diabetes tipo 1, os adolescentes com diabetes tipo 1 consistentemente apresentaram maior
frequéncia de sintomas de transtornos de saude mental. Estes achados tém implicagdes

praticas para a equipe de saude que deve estar preparada para identificar estes sintomas, a
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fim de evitar uma possivel deterioragdo do controle glicémico. Conforme dados de nossas
analises, na populagido estudada, a maioria dos médicos endocrinologistas descreveu nao
ter acesso a profissionais capacitados para manejo de transtornos de saude mental. Este
despreparo da equipe pode predispor, ainda mais, ao surgimento de barreiras psicossociais
potencialmente preditoras de deterioragdo do controle glicémico. Nossos achados reforgam
a necessidade de capacitagdo das equipes de saude para um melhor cuidado de

adolescentes com diabetes tipo 1.
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ANEXO

OUTRAS PRODUGOES CIENTIFICAS

Além dos artigos apresentados nesta tese, as seguintes produgdes cientificas foram
realizadas durante os dois anos e oito meses deste doutorado, tendo, como participagéao,
autoria ou coautoria em estudos de diferentes desenhos (estudo de farmacocinética e
farmacodinamica - dados ainda n&o apresentados, estudos transversais, estudo de coorte,
estudo qualitativo, estudo de protocolo, estudo epidemioldgico de base populacional, ensaio
clinico randomizado - dados ainda nao apresentados, estudo de analise molecular, revisao

sistematica e revisao sistematica com meta-analise):

Artigos completos

* Programmed Death Ligand-1 expression in adrenocortical carcinoma: an exploratory
biomarker study. Journal for ImmunoTherapy of Cancer, BMC 2015;3.
DOI10.1186/s40425-015-0047-3.

* Adrenocortical carcinoma: the management of metastatic disease. Critical Reviews
in Oncology/Hematology 2014;92:123-132. IF 4.03.

* Prevalence of diabetes mellitus in Brazil over time: a systematic review with meta-
analysis. Submetido para publicagado, em revisao.

* Logistics of blood collection and biochemical analysis in the Study of Cardiovascular
Risk in Adolescents — ERICA. Submetido para publicagdo, em revisao.

* Prevalence of elevated levels of HbA1c in schoolchildren from the Study of
Cardiovascular Risk in Adolescents (ERICA). Pronto para submisséo.

* Weight status of youth with type 1 diabetes: impact of childhood weight and glycemic

control. Pronto para submisséo.
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Resumos em congressos

* Health care transition in young adults with type 1 diabetes: comparison of adult
endocrinologist and adult diabetes educator perspectives. ADA 2015, Boston, U.S.
(poster).

* Impact of A1c and zBMI on blood pressure over time in pediatric type 1 diabetes.
ADA 2015, Boston, U.S. (poster).

* Biomedical predictors of consistent continuous glucose monitoring in youth with type
1 diabetes. ADA 2015, Boston, U.S. (poster).

* Contrasting reports of BG monitoring frequency in youth with type 1 diabetes: meter
download, clinician report, and self report. ADA 2015, Boston, U.S. (poster).

* Under-management of hyperlipidemia in young persons with type 1 diabetes. ENDO
2015, San Diego, U.S. (oral).

* Predictors of visits with a registered dietitian for youth and young adults with type 1
diabetes. ENDO 2015, San Diego, U.S. (poster).

* Prevalence of diabetes mellitus in Brazil: a systematic review with meta-analysis.
WDC 2015, Vancouver, Canada. (poster). SBD 2015, Porto Alegre, Brasil (oral).

* Comparison between Adherence Assessments and Blood Glucose Monitoring
Measures to Predict Glycemic Control in Patients with Type 1 Diabetes. WDC 2015,
Vancouver, Canada. (poster). SBD 2015, Porto Alegre, Brasil (oral).

* Perfil de adesao ao regime de insulina prescrito dos pacientes com diabetes melito
tipo 1 em acompanhamento no ambulatério do Hospital de Clinicas de Porto Alegre.
SBD 2015, Porto Alegre, Brasil (pdster).

* Weight status of youth with type 1 diabetes over time: impact of childhood weight and
glycemic control. ADA 2014, San Francisco, U.S. (oral).

* Impact of zBMI on LDL and HDL cholesterol in childhood type 1 diabetes. ADA 2014,

San Francisco, U.S. (poster).
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A1c trajectories from childhood to young adulthood in type 1 diabetes: impact of age
and sex. ADA 2014, San Francisco, U.S. (poster)

Salient features of youth with type 1 diabetes initiating continuous glucose
monitoring. ADA 2014, San Francisco, U.S. (poster). ISPAD 2014, Boston, U.S.
(oral).

Dynamic changes in total daily insulin dose during childhood and adolescence in
youth with type 1 diabetes: impact of age, sex, regimen and weight status. ENDO

2014, Chicago, U.S. (poster).
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